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The working group Geoecology from Martin-Luther-Universität Halle-Wittenberg
has been examining damaging changes to soils caused by intensive crop farming in
the Eurasian Steppe since 1998. For many years, we have been scientifically
analyzing this topic from a geoecological perspective. However, in order for us to
be able to make practical recommendations instead of just constantly noting what is
harmful for the soil, we were forced to examine the situation from the farmers’
and agronomists’ perspective. Sustainably farming practices in the prairies of
North America, a landscape which is very similar to our project area, were
pioneered by research of Guy Lafond from the Indian Head Research Farm in
Saskatchewan/Canada. The publications were exceptionally interesting, promising
and dealing with the exact same topics that we were working on or about to work
on. A former colleague from Halle, Prof. Ulrike Hardenbicker, then put us in direct
contact with Guy Lafond. Of course, Prof. Frühauf and I promptly accepted his
invitation to visit his research station and test sites in Canada in 2002.

What we saw was beyond our imagination and therefore a complete surprise. On
the one hand, we were very impressed with the scientific level at which the research
on direct seeding was conducted. It had long gone past the question which was
driving us, “Direct seeding—yes or no?” It was exclusively examining the topic of
“Direct seeding—how?” On the other hand, we were very impressed with Guy

At the Barayev Research Institute of Grain Farming, July 22, 2011. From right to left: Manfred
Frühauf, Vladimir Belyaev, Guy Lafond, Tobias Meinel



Lafond himself. His absolute openness and knowledge of all agronomic aspects of
dry farming was simply stunning. With his unique way of presenting complex
correlations in an understandable and compact manner, he noticeably expanded our
“direct seeding horizon” within just a day and a half.

This first contact evolved into an extensive exchange with several reunions in
Canada and regular correspondence. In 2007, we were able to invite Guy to Siberia
for the first time and introduce him to our partners, among them Prof. Vladimir
Belyaev, and our test sites. As Guy Lafond and his colleagues had already been
researching direct seeding in Saskatchewan for decades, he kept us from making
mistakes and guided us around possible pitfalls. On top of everything, he always
remained completely humble and loyal. During this time, we also developed a
personal friendship.

When the Kulunda project started in 2011, it represented an excellent opportu-
nity to confirm the Canadian results in Siberia and demonstrate the correct direct
seeding system. Once again, Guy Lafond was at our side as a scientific and practical
consultant. He provided significant impetus, especially concerning test design and
crop rotation.

Without Guy, the Kulunda project would have never been possible, particularly
regarding its practical relevance.

I am sure it is very painful to all contributors of this book that Guy was not able
to discuss the results with us anymore. Guy Lafond passed away much too soon on
April 26, 2013. It is all the more difficult as the good results led to a follow-up
project which was launched in Kazakhstan in 2017, which Guy Lafond would have
found to be just as interesting and visionary.

Dear Guy, we will continue to work on the large-scale establishment of sustain-
able direct seeding in the dry zones of the Eurasian Steppe in your spirit. Thank you
for the foundation which you laid for us. We miss you, your advice and your zest
for life.

Tobias MeinelAstana, Kazakhstan
November 2019



Preface

Motivation

Not only science but also economy, society and politics face various enormous
challenges due to global change. One global issue is the world population’s steady
growth. The challenge to achieve and maintain universal food security and an
increase in the demand for natural resources call for research on land use man-
agement methods which conserve and protect natural resources. Signs and effects of
climate change, socio-economic factors and effects of land use must be taken into
consideration for a sustainable development of different regions. Scientific-based
decision-making that takes ecological and socio-economic factors of land use and
their dynamics into account is an essential prerequisite for a successful imple-
mentation as well as the participation and integration of different regional
stakeholders.

This book presents findings of an interdisciplinary research project which offers
solutions to these problems using an agrarian region in south-western Siberia as an
example. The research project (Kulunda—How to prevent the next global dust
bowl?—short title: KULUNDA) was funded by Germany’s Federal Ministry of
Education and Research (BMBF).

Project Integration

The BMBF set up the funding measure “Sustainable Land Management” between
2011 and 2016 within its research framework programme “Research for Sustainable
Development” (FONA) to meet above-described global challenges. Its main goal
was the science-based development of decision-making tools and strategies for the
land use adaptation to global change. Based on transdisciplinary approaches of
fundamental science and implementation-oriented research, focus was on
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sustainable, climate-optimized land use as well as strategies for the preservation of
ecosystem functions and services in selected regions of the world.

Module A of the funding measure supported a total of 12 regional projects in
different biomes and sociopolitical environments of the world (www.fona.de/de/
nachhaltiges-landmanagement-19763.html). They represent typical global land use
patterns and show characteristics as hotspots of land use and climatic change.

The Temperate Grasslands of the World Under
Conversion Pressure

Temperate grasslands (Ricciuti 1996; Sala 2001) are targets and hotspots of
ecosystem conversions. With its high conversion rate and speed, the “most
noticeable trend of the biosphere’s global change” (WBGU 1999, pp. 19–20) can be
observed in these biomes. In the twentieth century alone, approximately 400 million
hectares of steppe or prairie biomes were converted—mostly into arable land (Foley
2005). This agricultural expansion and the type and intensity of agrarian land use
resulted in different forms of ecosystem change and degradation in these biomes
(Ramankutty et al. 2006). Agrarian land use was impaired and socio-economic
conditions deteriorated in the respective regions. Due to the importance of these
biomes as major breadbaskets of the world, hotspots of biodiversity and greenhouse
gas sinks, the consequences of ecosystem change and degradation go beyond the
regions and reach the global dimension of human environment interaction
problems.

Yet in this context a lot is still unknown. So, according to WBGU (1998, p. 36),
“managed grasslands [are] under-represented regarding available data in contrast to
their importance for the carbon cycle”. One striking result of this lack of infor-
mation and knowledge is that grassland conversions are not considered as human
activities leading to greenhouse gas increase or decrease in Article 3, paragraph 3
of the Kyoto Protocol. Therefore, the German Advisory Council on Global Change
(Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen—
WBGU) supported the decision of the “Subsidiary Body for Scientific and
Technological Advice (SBSTA)” to commission a report about land use, land use
change, and forestry from the “Intergovernmental Panel on Climate Change
(IPCC)” to decrease knowledge deficits.

Furthermore, the WBGU (WBGU 1996) drafted a transdisciplinary description
of the mega-process of global change-based functional patterns. Inspired by med-
icine, 16 global change syndromes were identified. These syndromes influence the
worldwide environment and development with all their negative aspects and
impacts significantly. The so-called Dust Bowl Syndrome is of great importance for
many of humanity’s future challenges. The level of information about this syn-
drome improved during the last years due to newly gained knowledge from the
eponymous dust bowl region in the Great Plains (Hornbeck 2012; McLeman et al.
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2014). The findings did not only reveal manifestations of ecosystem change, type
and intensity of resulting ecological and socio-economic problems, but also pro-
vided conclusions and innovative forms of land use, and are summarized in the term
“Dust Bowl Syndrome” as one kind of global manifestations of human–environ-
ment interaction problems.

In contrast to North America, only few recommendations exist for a sustainable,
resource-conserving land use of the Eurasian steppe regions and practical experi-
ence based on interdisciplinary analyses, and cooperation with landowners is
limited (Frühauf and Meinel 2014).

Russia’s (Agrarian) Steppes: Importance and Scientific Challenge

The lack of knowledge is especially pronounced in connection with the agrarian
steppes of Russia, Ukraine and Kazakhstan. The causes for this are multiple and can
be explained only partially by unfavourable conditions for interdisciplinary research
during the Soviet era. Even after the breakdown of the Soviet Union and despite
emerging new opportunities for research, these questions were not considered as
important. With regard to Russia, this is especially deplorable considering the
various challenges the country faces:

1. Although Russia is the world’s largest country, only 13% of its huge area is
designated for agricultural use. Only 53% of the agricultural land (6.7% of
Russia’s total land area) is used for growing grain crops (FSS Rossij 2014). The
steppe is Russia’s most important biome to grow and provide food. More than
50% of the agricultural output is produced here. Due to Ukraine’s and
Kazakhstan’s separation from Russia, Russia lost fertile and productive agrarian
regions (e.g. the very fertile Central Black Earth Region which went to
Ukraine). Furthermore, large areas of farmland were left lying idle in Russia’s
European part (mostly in non-Chernozem regions). Thus, the steppes became of
even greater importance for Russia’s agricultural production (Frühauf and
Meinel 2014).

2. In addition to altering political and economic conditions, climate change is
likely to redefine these regions resulting in a large-scale transformation of land
use and land cover. Temperature rise and moisture deficit are expected as
negative impacts of climate change and global warming for this biome. They
will significantly affect the agricultural sector: modern climate change simula-
tions predict decreasing yields for Russia’s currently most productive southern
steppes due to more frequent droughts (Golubev and Dronin 2004; Tchebakova
et al. 2011).

3. Apart from functioning as hotspots of climate change, steppes also represent
hotspots of ecosystem change. The politically motivated Virgin Lands
Campaign (1954–1963) was the world’s largest ecosystem conversion of
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temperate grasslands in the twentieth century. Yet only sectoral and almost no
interdisciplinary scientific findings exist regarding the ecological and socio-
economic consequences of this ecosystem change.

The Kulunda Steppe in South-Western Siberia as a Research
Region: Hotspot of Ecosystem and Climate Change

With an area of 650,000 km2, agricultural land accounts only for 5% of Siberia’s
area (13 million km2) (Halicki and Kulizhsky 2015). Most of this agricultural land
is located in the steppes and has historically constituted an important region in
Russia—especially in the twentieth century. In the second half of the twentieth
century, 75% of Siberia’s wheat was produced in the south-western Siberian
agricultural triangle between Omsk, Novosibirsk and the Altai. The south-western
Siberian agricultural triangle encloses Siberia’s biggest agrarian region with an area
of 360,000 km2. 55% of the land is used for tillage, 25% for pasturage and 20% is
grassland (Chibilov 2005). Furthermore, these agrarian regions gained in impor-
tance due to the proximity and potential economic ties to central Asian and
Southeast Asian countries.

The area of the Altai Krai (compare Fig. 2 in Chap. 1.2.2.), especially the
Kulunda Steppe, is of great importance within the south-western Siberian
agricultural triangle. Currently, the Altai Krai is one of the biggest agrarian areas in
Russia (FSS Rossiij [Pub.] 2014). Agriculture accounts for 17% of the region’s
GDP, i.e. a number three times higher than the average of Russian regions. In recent
years, the region managed to increase agricultural and other food production
through an active modernization of the machine-tractor supply and technological
equipment of farms and factories.

The Altai Krai is situated in the Russian foreland of the Altai Mountains with an
area of 169,000 km2 and a population of 2.4 million. Its capital is Barnaul. The
Kulunda Steppe embodies characteristics of the Eurasian Steppe Belt and the virgin
land region as well (Frühauf and Meinel 2014). Its history is not only exemplary
regarding the interrelation of land use and settlement development but also repre-
sents the development’s differences and specifics in comparison to the agrarian
regions of Russia’s European part. The agrarian sector and land use changed in this
region after the breakdown of the Soviet Union and in connection with the new
governmental/societal conditions. This illustrates on the one hand the importance of
this region as a hotspot of ecosystem and land-cover/use change. These did not only
have repercussions on ecosystem quality, but also on land use and its economic
efficiency. These hotspot effects were mainly caused by political factors or
decisions and took place in the twentieth century.

On the other hand, it shows this region’s specifics regarding the signs of climate
change in comparison with other parts of Russia or rather western Siberia
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(Kharlamova and Silantyeva 2011). The results of regional climate research point
out very clear trends of temperature and drought increase as well as changed snow
and rain regimes. If and how changed climatic conditions, especially the increase of
extreme weather events like droughts followed by torrential rain, affect the agri-
culture in this steppe region was the topic of this research project.

Involvement and Support of Regional Government

Like the central government in Moscow, the regional government attempts to
include measures for a sustainable development of agriculture and agrarian regions
in its policy. The regional development programme “Altai Krai 25” (www.altai22.
ru) gives importance to a sustainable, climate-adapted and resource-conserving land
use. For this purpose, scientific-based decision tools are viewed as one of the most
important requirements. The focus is on the agrarian sector with its ecologic and
economic determinants as the motor of regional development (Vinokurov and
Suchodolov 1996). Another topic of interest within these strategic concepts is the
importance attributed to the agrarian regions of the south-western Siberian steppe in
the light of the implementation of the Kyoto Protocol (as well as its follow-up
agreements). The same applies to the target to develop this region as a model region
of sustainable land management. In this context, the programme for “Sustainable
development of rural territories in the Altai Krai” plays a key role. The Ministry of
Agriculture of the Russian Federation chose the Altai Krai to be the first region that
would implement a sustainable development project.

With this, attention needs to be turned to nationwide and global networks of
economy and science. The focus is thereby on the question if and to what extent the
Altai Krai can be the next world’s granary and how this goal is attainable in
cooperation with science. Some of the paramount research goals of our project
KULUNDA were exact within this context. Therefore, the project met strong
support by the region’s political and administrative decision-makers.

Structure of the Research Project KULUNDA and the Book

The motivation and goals of the interdisciplinary research project KULUNDA
“How to Prevent the Next Global Dust Bowl? Ecological and Economic Strategies
for Sustainable Land Management in the Russian Steppes: A Potential Solution to
Climate Change.” were determined by the targets of the funding programme FONA
and the specifics and challenges of the south-western Siberian Kulunda Steppe in
the Altai Krai.
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Even before the start of the research project in 2011, there had been a long
history of cooperation and ties between the German Research Foundation
(Deutsche Forschungsgemeinschaft—DFG), the German Academic Exchange
Service (Deutscher Akademischer Austauschdienst—DAAD) and this region
including the exchange of scientists. Contacts to universities, academic institutions
and stakeholders of the region were an excellent starting point to begin and conduct
research in this region. KULUNDA’s eleven subprojects pooled the competency of
several German research institutions, two small and medium-sized enterprises
and—based on 15 years of collaborative experience—the research expertise of
multiple Russian universities, academic institutions, as well as different stakeholder
groups of the region.

The subprojects’ subject-specific goals were grouped in the following four work
programmes (WP):

• WP1: Analysis of effects of land use and climate change regarding soil and
vegetation degradation as well as yield development

• WP2: Analysis of causes and factors of land use in the context of changing
socio-economic (political) and climatic conditions

• WP3: Testing and development of methods (including machinery) of
site-adapted land management (emphasis on arable farming: tillage/crop rota-
tion) and ecosystem restoration

• WP4: Development and implementation of a stakeholder platform to support
site-/climate-adapted methods of land use and ecosystem restoration.

The structure of KULUNDA’s work programmes is reflected in the organization of
this book with its four main chapters.

As described earlier, research focussed on the agrarian regions of the Kulunda
Steppe in the Altai Krai used for agricultural production. Core study areas were
three test farms and their surroundings. Located in dry steppe, typical or ordinary
steppe, and forest steppe, the test sites represent the typical landscapes of agrarian
areas in the Altai Krai including typical soil, vegetation, climate and land use
patterns of the Kulunda Steppe (Fig. 1).

Most of the natural scientific, social scientific and agriculture–economic research
as well as field trials were conducted in the core study areas. Different tillage and
crop rotation methods were developed and tested under the leadership of a German
company for agricultural machinery and in cooperation with Russian farmers. The
development was based on Canadian methods, and the tests were conducted in
comparison with traditional Russian methods. Ecological and economic effects
of the new methods were analysed and evaluated and, if necessary, immediately
modified in cooperation with the land user. In this process, the carbon sink function
of these agrarian ecosystems under consideration of the regional development
programme “Altai Krai 25” was of special interest. The results were alternative
methods for site-adapted, climate-optimized land use and ecosystem restoration.
Results and experiences of involved subprojects and partners were a speciality of
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KULUNDA and were published and discussed with farmers and other regional
stakeholder groups on field days during and at the end of the research project.

The societal structures and conditions of the region’s agrarian sector were
analysed to promote the sustainable implementation of developed methods and
technology transfer. Especially institutional requirements and business effects were
considered.

The project’s target was not only the development and testing of methods for a
climate-optimized land use and grassland ecosystem restoration but also the lasting
support of the region’s development. KULUNDA’s target is therefore the support
of the strategic goals of the regional programme for socio-economic development
of the Altai Krai until 2025 and the further development of cooperative relation-
ships with the region.

Purpose of the Book

This book is targeted especially at scientists and students in the fields of geo-, bio-
and agriculture science, ecology as well as sustainable and climate research. The
book offers also a multitude of practical and methodical experiences to

Fig. 1 Landscape structures and location of the test sites in the steppe regions of the Altai Krai.
Source Illiger et al. 2014—modified
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professionals of agricultural and regional planning, economic and social sciences,
agricultural engineering, and land users. The connections established during the
KULUNDA project between German, Russian, but also Canadian and US farmers
show opportunities and perspectives to utilize the approaches, targets and experi-
ences for further international liaisons and cooperation. For this purpose, the book
offers suggestions, as well.

Halle (Saale), Germany Manfred Frühauf
Hannover, Germany Georg Guggenberger
Astana, Kazakhstan Tobias Meinel
Halle (Saale), Germany Insa Theesfeld
Leipzig, Germany Sebastian Lentz
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Chapter 1
Background to the Natural Landscape
and Consequences of the Ecosystem
Conservation

G. Guggenberger

Abstract Human impact on vegetation and soils in the south-western Siberian
steppes can be traced back several centuries. However, particularly large impact
occurred with the Virgin Lands Campaign between 1954 and 1963 and all agri-
cultural activities thereafter. Concurrently, climate change became relevant in this
area, with potentially large impacts on productivity and organic carbon storage of
the steppe soils. The goal of the first chapter is to identify the landscape evolution
of the Kulunda steppe under human impact, considering both land use and climate
change and to summarize the consequences of ecosystem conversion. Part I of this
book consists of 14 chapters. Chapters 2–5 describe the general natural setting of
the Kulunda steppe, while Chapters 6–9 explain the history of human impact on the
Kulunda steppe, and Chapters 10–14 address the consequences of ecosystem con-
version for vegetation and soils. With this, Part I of this book lays the ground for
Parts II–IV, which address the socioeconomic factors of land use, the development
of sustainable agronomic techniques, and the development and implementation of
a stakeholder platform to support site and climate-adapted methods of land use and
soil management.

Keywords Climate change · Land degradation · Land use · Land use change ·
Kulunda steppe · Remote sensing · Socioeconomic history · Soil cultivation · Soil
degradation · Soil organic matter · Steppe soils · Steppe vegetation · Virgin Lands
Campaign

Although the Virgin Lands Campaign between 1954 and 1963 is known to have had
a particularly large impact on vegetation and soils, significant human impact in the
southwestern steppes can be traced back for several centuries. Almost concurrently
with the onset of large-scale agricultural use of the steppe soils climate change
became relevant in this area, causing interactions of land use and climate change
with respect to its effects on vegetation and soils. The goal of this chapter in Part I of
this book is to discuss the response of the vegetation and soils of theKulunda steppe to
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the cultivation of the steppe soils in the era of climate change. With that, this chapter
sets the natural science background for Parts II–IV, which address the socioeconomic
factors of land use, the development of sustainable agronomic techniques, and the
development and implementationof a stakeholder platform to support site and climate
adapted methods of land use and soil management. Part I consists of 14 chapters.
Chapters 2–5 describe the general natural setting of theKulunda steppe, while Chaps.
6–9 explain the history of human impact on the Kulunda steppe, and Chaps. 10–14
address the consequences of ecosystem conversion for vegetation and soils. In the
following, the different chapters will be briefly introduced.

The second chapter byWesche et al., puts the Kulunda study region in the context
of the Eurasian steppe belt with respect to climate, flora, and vegetation. The authors
introduce the northeast to southwest gradient of the study region, which separates
forest steppes, typical steppes, and dry steppes. As the Kulunda steppe in general
receives high winter precipitation, resulting in moist soils during spring, the grass-
lands in the Kulunda region show rather similarities to western Eurasia than to the
Mongolian plateau further east. In the following chapter, Kharlamova addresses the
climate change within the last 50 years in the Russian steppes. Her analysis revealed
that particularly the Kulunda steppe shows a prominent increase in the mean annual
temperature, while mean annual precipitation varies much, but tends to decrease.
Together, the increasing temperature and decreasing precipitation translates into a
noticeable increase in the degree of aridity of the forest steppe and steppe landscapes
of the Altai territory. As shown in the next chapter of Lashchinsky et al., the vegeta-
tion patterns of theKulunda steppe depend on these climatic conditions, in addition to
the geological substrate and the relief. Two vegetation patterns occur on loess—one
on elevated plains and the other one in depressions, and both consist of dry grassland
with scattered birch forests. The third vegetation pattern is situated on sandy par-
ent material and is represented by pine forests in combination with psammophytic
steppe plants. For all three vegetation patterns, the composition of plant communities
changes significantly along the climatic gradient of the Kulunda steppe. The soils of
the Kulunda steppe are introduced in the chapter byMizigirev et al. Based on detailed
soil information going back to the 1950s, the soils represent quite a mosaic and are
dominated by Chernozems (49% of the total area) and Kastanozems (20%) with
an increasing proportion of the latter towards the southwest. These soils are mostly
accompanied by Acrisols, Phaeozems and Solonetz. Mizigirev et al. further present
a detailed description of soils in the test areas, where the distribution of different soil
types can deviate quite strongly from the average proportion, and further discuss the
problem of translation of the soil types between different soil classification systems.

The sixth chapter by Prishchepov et al., deals with 800 years of agricultural use of
the entire Asian part of Russia. By linking agricultural use to major socioeconomic
and political developments in Russia, the authors show that until the mid nineteenth
century the utilization of Asian Russia’s agricultural potentials was very low. The
abolishment of the serfdom of Russian peasants in 1861 and a rapid increase in the
population of Russia led to a migration to Asian Russia and a moderate cropland
expansion. Finally, the Virgin Lands Campaign contributed most strongly to the con-
version to arable land. Prishchepov et al. discuss the response of agricultural land
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use to major socio-political disruption, but also ample opportunities to raise agricul-
tural output. In another chapter, Frühauf and Borisenko focus on early settlements
and stages of agricultural land use in southwestern Siberia until the early 1950s.
Migrating peasants from European Russia began to populate the steppe in the nine-
teenth century, which was fostered by governmental provisions such as tax breaks
and exemption frommilitary service. In the early twentieth century, agricultural land
use expanded strongly due to the Stolypin agrarian reforms and a developing infras-
tructure. The time between the two world wars was characterized by collectivization,
whereas the settlement network continued to develop until the 1920s, where it did not
change much between the 1930s and the 1950s. In the subsequent chapter, Frühauf
et al. focused on the Virgin Lands Campaign between 1954 and 1963. The goal of
this campaign was to increase the agricultural production to alleviate food shortage
in the Soviet Union after the 2nd world war. The transformation of 420,000 km2

steppe into arable land, mainly in northern Kazakhstan and southwestern Siberia,
had a large impact not only on the annually ploughed soils but also on the popula-
tion development. However, soon the new arable land showed signs of increasing
soil degradation, so that new soil management methods, relying on less intensive
soil management, were enforced. This shows that a detailed knowledge of the spa-
tiotemporal land use and landcover change is crucial for the assessment of potential
solutions for site/climate adopted agriculture. Hese et al. present multi-temporal and
multi-sensor satellite data and historical topographic maps to detect these changes.
With that, the authors could not only detect land use changes, but for the first time
could quantify the land cover change over 60 years in the Kulunda steppe.

Chapter 10 addresses first the impact of the transformation of steppes to agricul-
tural land on the vegetation cover and then on the soils. Silanteva et al. discuss the
effects of total ploughing and long-term pasture operation on changes in the vegeta-
tion cover and biodiversity of the Kulunda steppe. Based on a number of examples,
the authors show how anthropogenic land use causes to the destruction and frag-
mentation of plant communities, and the reduction of species numbers and cenotic
diversity, leading to the loss of phytocenoses’ self-regulation and self-regeneration
ability. Instead agrophytocenoses emerge, which are low in species diversity of sege-
tal plants in comparison with European agrophytocenoses and are characterized by
immigration of invasive plant species. Schmidt et al. report then about some major
soil physical properties and their changes after the conversion to arable land. Native
steppe soils in fact are characterized by high humus contents and stable soil structure,
leading to resistance against erosion. The conversion into arable land leads to severe
deterioration of many soil physical properties, i.e. a decrease in aggregate stability,
compaction and a decrease in water holding capacity. All this results in higher sus-
ceptibility to soil erosion and negatively affects soil productivity. The situation can
be improved by adapting soil management techniques, which is introduced in Chap.
23 of Part III. The next chapter by Bondarovich et al. deals with soil moisture and
evaporation. Using automatic weather stations, soil hydrological monitoring stations
and in particular a sophisticated weighable gravitation lysimeter station, the authors
show that soil under no-till agriculture has almost the same soil moisture balance as
native steppe soils. Actual evapotranspiration measurements show the beforehand
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not considered large impact of dew on the water balance in native steppe soils, but
also in no-till soils, where surface roughness helps to collect water. Anthropogenic
land use and land use change also always impact the soil organic carbon stocks
and the carbon sink or source function of soils. In their chapter, therefore, Guggen-
berger et al. evaluate land use and climatic effects on soil organic carbon stocks in
the western Siberian grasslands and present scenarios of their future development.
Cultivation of the Kulunda steppe led to a loss of about 20–35% of the soil organic
carbon, independently of the climatic conditions. Minimum or no till provides an
option to increase the soil organic carbon stocks, though the potential effect may be
limited, and simulations with the Lund-Potsdam-Jena-managed Land model reveal a
continuing climate-change-driven carbon loss from soil. In the last chapter, Frühauf
et al. discuss cause and effect relationships between physical and chemical soil prop-
erties under different land use management regarding climate change adaption and
sustainable regional development. One focus is put on the spatially differentiated
identification of selected forms of soil degradation in the Kulunda steppe. The type
and intensity of land management is directly related to the soil’s erosion suscepti-
bility and its overall vulnerability. The chapter finally describes a process structure
of the different phenomena in order to identify solutions for regionalization of the
syndromes of soil degradation.



Chapter 2
The Kulunda Steppe as Part
of the Eurasian Steppe Belt

K. Wesche, A. Korolyuk, N. Lashchinsky, M. M. Silantyeva, C. Rosche
and I. Hensen

Abstract The Eurasian steppes represent the continent’s share of the world’s tem-
perate grasslands and once have formed one of the largest continuous terrestrial
biomes at an extent of ca. 10 Mio km2. The present chapter describes key aspects
of steppes and puts the study region Kulunda in context giving overview data and
maps on climate, flora and vegetation. Relatively dry conditions render tree growth
limited throughout the biome, while grasses typically have high abundance. Major
vegetation classes include meadow steppes often intersected with forest outposts
(and then called forest steppe landscapes), typical steppes and dry steppes, all
of which are present in the study region. Kulunda thus is a typical example of
western Eurasian steppes, which receive a relatively large share of precipitation
in winter. Spring conditions are not as dry as in neighbouring regions of Mongo-
lia and China, resulting in a rich and partly specialised flora. Grasslands in the
Kulunda region belong to the phytosociological class Festuco-Brometea, also high-
lighting similarities to western Eurasia rather than to the Mongolian plateau east-
wards. The western Eurasian steppes have been subject to large-scale conversion
to arable lands, and Kulunda is no exception. Less than 17% (ca. 28,000 km2) of
the potential grassland cover still is extant. These sites contain a high number of
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locally threatened plant species and still reflect most of the former diversity of
vegetation types found in this key Middle Asian steppe region.

Keywords Climate · Biogeography · Flora · Middle Asia · Temperate grassland ·
Vegetation

2.1 The Eurasian Steppes—Extent and Importance

Steppes represent the Eurasian part of the world’s temperate grasslands, which cover
vast areas in themidlatitudes across the globe. Unlikemany types of grassland in, e.g.
western Europe or the eastern United States, temperate grasslands of the Eurasian
steppe belt are typically devoid of trees,mainly as a consequence of at least seasonally
dry climates.

The Eurasian steppes have once formed one of the world’s largest continuous
terrestrial biomes. They extend from small patches of steppe vegetation in cen-
tral Europe, across eastern Europe and southern Siberia up to the Far East. Giving
exact limits is difficult because the steppe biome crosses various political and sci-
entific realms, each working with own languages and—more fundamentally impor-
tant—with own concepts and definitions of steppes and their ecology (Zemmrich
2005). Russian authors were the first to provide comprehensive overviews of the
steppes (summarised, e.g. in Walter 1974; Lavrenko et al. 1991; Lavrenko and
Karamysheva 1993). Much has been published since, with rapidly accumulating
studies from the Chinese part of the steppe belt perhaps being the most signifi-
cant current development. According to recent reviews (Werger and van Staalduinen
2012; Wesche et al. 2016), the Eurasian steppe biome covers approximately 10
Mio km2, which equals 7% of the global terrestrial surface (Fig. 2.1). Of these,
about 9 Mio km2 could actually be steppes; these numbers align with previous esti-
mates (Dengler et al. 2014; Dixon et al. 2014). Russian steppes have been recently
mapped in much greater detail and with high accuracy. For example, Smelansky
et al. (2012) estimated a total cover of 2.3 Mio km2 of potential steppe regions
in Russia. They also provided a detailed list of grazing areas that may currently
occupy ca. 0.6 Mio km2, which equals 12% of the steppe biome of Russia. An
updated map by the same team is available at http://savesteppe.org, and compari-
son with the natural extent (Fig. 2.1) highlights the fragmented character of Russian
steppes.

Human land use strongly affects the distribution and the structure of Eurasian
grasslands. This impact is limited in some regions, but has changed entire landscapes
as shown, e.g., by our key study region. The Kulunda region still is among the top
ten largest steppe areas in Russia. Situated in the centre of the steppe belt, it covers
170,000 km2, 28,000 km2 of which may be referred to as grasslands in the broader

http://savesteppe.org
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Russia

Kasakhstan

China

Fig. 2.1 Location of the Kulunda region within the Eurasian steppe belt. The green polygon indi-
cates the potential distribution of the Palaearctic steppe biome; relief is shaded in black and white
for orientation. See Fig. 2.6 for a map of the actual grasslands in the Kulunda region. Source J.
Treiber adapted from Wesche et al. (2016)

sense (data after Smelansky and Tishkov 2012, including fallows and thus depending
on agricultural impact; see Chaps. 10–14).

2.2 The (Macro-)Climatic Niche

Steppes are characterised by modest to low mean temperatures, overall dry condi-
tions and a pronounced seasonality in both temperature and precipitation. In Rus-
sian steppes, mean annual temperatures typically range between 1 and 6 °C, with
warm summers and often very cold winters. Annual precipitation is between 200
and 400 mm. In terms of spatial gradients, temperatures follow a latitudinal pattern
(Fig. 2.2a, b) with warmer conditions southwards. Given that precipitation is gener-
ally limited, temporal and spatial variability in precipitation is, however, much more
crucial in terms of ecosystem functioning (Wesche and Treiber 2012). Seasonal pat-
terns in precipitation differ between major steppe regions with winter precipitation
showing a longitudinal gradient (Fig. 2.2c, d). More precisely, the Tien Shan–Altay
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Fig. 2.2 Macroclimate of the Eurasian steppes biome. a Mean annual temperature; b continental-
ity index as the difference between maximum temperature of the warmest month and minimum
temperature of the coldest month; c mean annual precipitation totals; and d precipitation totals of
the coldest quarter (December–February). The yellow polygons indicate the approximate position
of the Kulunda region (see Chap. 3 for detailed climate maps of the Kulunda region). Source J.
Treiber, adapted from Wesche et al. (2016) climate data from Hijmans et al. (2005)

mountain system (approximately at 80–90°E) forms a major divide in this context:
Whereas precipitation east of this boundary (i.e. in steppes of northern China and
Mongolia) is largely restricted to summers, themore western steppe regions receive a
high share of winter precipitation. Biogeographers have traditionally acknowledged
these differences referring to Central Asia (Tsentral’naia Aziia)—for the eastern
parts of the biome—and to Middle Asia (Sredniaia Aziia) for the regions east of the
Tien Shan–Altay (see, e.g. Jäger and Hilbig 2010).

The Kulunda steppe is located west of the aforementioned major climatic divide
and is thus part of Middle Asia. The region represents the eastern periphery of Koep-
pen climateDfb (snow/humid/warm summers, Kottek et al. 2006) and is rather humid
as compared to the endorheic basins further south in Kazakhstan (Koeppen Bsk). The
standard Walter-Lieth diagrams summarise the main latitudinal patterns from north
to south (Fig. 2.3). Temperatures are broadly similar across the region (except for
elevational patterns) with respect to both mean values and the pronounced seasonal
change: Summermean temperatures are above 20 °C; the vegetation period is limited
by onset of frosts in September, andwinters are coldwithmonthlymean temperatures
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Fig. 2.3 Standard Walter-Lieth climate diagrams for selected governmental weather stations in
the Kulunda region. a Barnaul (53° 21′N, 83° 50′E); b Rubzowsk (51° 31′N, 81° 12′E); and
c Michailowskoje (51° 49′N, 79° 59′E). Source Data retrieved from climate data.org, Jan 2017

below 0 °C from October to April. Precipitation is more evenly distributed across
the year; although there is a summer maximum, substantial rain or snow occurs from
October across the entire winter season. In consequence, water availability in spring
is relatively high, which is characteristic for Middle Asian regions and contrasts with
the very dry springs towards the east in Central Asia. In terms of spatial patterns,
annual precipitation increases from the Kazakh border in the south-west to the fore-
lands of the Altay in the east (Fig. 2.3), which, in turn, triggers the main habitat
zonation described below (see also Chap. 3).

2.3 Flora and Biogeography

The knowledge on the biogeography of Eurasia is more profound than for any other
continent. Various authors have provided schemes for a biogeographical zonation,
with those most important being based on the flora. Definitions and concepts differ,
but following the pioneering work by Grisebach (1894), most authors consider Mid-
dle Asia a subunit of the Asiatic Flora Region (Takhtajan 1986) or of the broadly
similar Irano-Turanian flora region (IT, Zohary 1962). In the system of Takhtajan
(1986), Middle Asia (and thus Kulunda) corresponds to the Western Asiatic subre-
gion, or to western parts of the Irano-Turanian region, respectively. The latter can be
roughly subdivided along gradients of both climatic conditions and flora composition
becoming more ‘Mediterranean’ further eastwards (Djamali et al. 2012).

With respect to north-south zonation, Kulunda is situated in the transition zone
between Middle Asia’s dry heartlands and the forest belt of northern Asia. The
northern parts of our study region belong to the Euro-Siberian region or the boreal
subkingdom (Takhtajan 1986), which is dominated by dark Taiga. The central and
southern parts of Kulunda would fall in the northern-regional subcenter 3 of the
Irano-Turanian flora region (IT, see discussion of concepts in Manafzadeh et al.
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2016). Inhabiting about 27,000 species, the western part of the IT (i.e. Middle Asia)
is much more species rich than its eastern part (i.e. Central Asian) that hosts ca. 5000
species. About 25–40% of the species of the western IT are considered to be endemic
(mostly herbaceous taxa and shrubs, see, e.g. Zohary 1973; Takhtajan 1986).

The flora of the Kulunda region is represented by 785 species in the territory
of the Altai Krai (Silantyeva 2013). The indigenous group includes 701 species
and subspecies of higher vascular plants from 296 genera and 78 families. The
adventitious group comprises 84 species of higher vascular plants relating to 64
genera and 28 families (Silantyeva 2013). The families of Asteraceae, Poaceae and
Chenopodiaceae dominate in the indigenous flora according to the number of species,
while the leading genera are Artemisia, Carex, Potentilla, Astragalus and Atriplex.
The largest families among the adventitious species are Asteraceae, Brassicaceae,
Chenopodiaceae andPoaceae; the largest genera areChenopodium andAtriplex. The

Fig. 2.4 Characteristic flora elements of the Kulunda region. a Paeonia hybrida Pall., an endemic
ofWest Siberia, the Bashkir Trans-Uralian Region and Kazakhstan (Red’kina et al. 2008); b Adonis
villosa Ledeb., an endemic of South-West Siberia (Hoffmann 1998); c Anabasis salsa, a character-
istic species of dry deserts in Middle Asia extending to western Mongolia and western China; d Iris
glaucescens grows on rocky slopes and mesic steppes in southern Siberia and adjacent regions of
Middle Asia. Source Photos a, b by I. Hensen, c by S. V. Smirnov, d by P. A. Kosachev
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respective speciesmostly occur in disturbed areas, settlements, agricultural fields and
garden lots.

The flora comprises species from different biogeographical groups (Fig. 2.4).
Most taxa have a Palaearctic, European–Ancient Mediterranean–Siberian global
distribution range. The Holarctic geoelement and species with range patterns of
the Ponto–Kazakhstan–Southern Siberian geoelement type (Petrosimonia triandra,
Salsola mutica, Crinitaria tatarica) are slightly less numerous. The north-eastern
distribution limit of the Western Asian–Northern Turanian–Kazakhstan–South-
western Siberian geoelements (Anabasis salsa, Artemisia pauciflora, Climacoptera
crassa, Kalidium foliatum, Limonium suffruticosum, Nitraria schoberi and others)
runs through Kulunda. The endemic and subendemic geoelement (about 2%) is
mostly represented by South-western Siberian and Altai–Dzungarian species. Strict
endemics (neoendemics) of Kulunda are Lotus krylovii and Puccinellia kulundensis
(Silantyeva 2013).

There are 69 rare and endangered species in the Kulunda steppe, out of which 33
species are listed in the ‘Red Book of the Altai Krai’ (2006), five species (Fritillaria
meleagroides, Stipa pennata, S. zalesskii, Caulinia flexilis, Marsilea strigosa) are
listed in the ‘Red Book of the Russian Federation’ (2008), and 37 species are listed
in the ‘Red Book of the Novosibirskaia Oblast’ (2008).

2.4 Vegetation

Various schemes have been proposed to classify steppe vegetation on a macro-scale
(see, e.g. Lavrenko and Karamysheva 1993; Zemmrich 2005). Such schemes may,
on a crude physiognomic level, distinguish landscapes with alpine steppes, from
those with desert steppes, from typical steppes and from mosaics of forests with
meadows steppes (also known as forest steppe landscapes). While alpine steppes
mainly occur in the mountain chains surrounding Central Asia, desert steppes are
confined to the basins of Middle and Central Asia (Wesche et al. 2016). These
occur in, e.g. Kazakhstan, whereas the less arid Russian Kulunda region already
hosts some typical steppes and large areas of forest steppes. The latter represents
the moistest type among the main formations, allowing for forest growth on sites
with favourable water availability, such as north-facing slopes, small depressions or
special soil conditions (Fig. 2.5). The mosaic character of forest steppe landscapes
is also evident in the Kulunda region, where forest represents the zonal vegetation in
the north-east and extends as bands well into the steppes westwards (see Chap. 3).
Steppes and steppe-like old fallows form relatively small patches in the landscape
and are often associated with the forest bands (Fig. 2.6). By and large, they cover
only a small fraction of the Kulunda region.
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Fig. 2.5 Main vegetation types of the Kulunda region (see Chap. 3 for more detailed description.
a Birch forest on slopes along erosion gullies; b ‘Kolok’ (plural ‘Kolki’) birch forests; c typical
bunch grass steppe with Stipa spp; d wet depression with halophytic vegetation (Halocnemum
strobilaceum). Source N. Lashchinsky

Others
Stands with dry grasslands
Dry grasslands dominant

Fig. 2.6 Detailed map of the Kulunda region with larger steppe patches (lower threshold 500
hectares) based on field surveys (survey led by A. Korolyuk, unpublished data but see Smelansky
et al. (2016) for further data availability)
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Russian scholars have devised far more sophisticated schemes for classification of
Russian steppes (for a recent overview, see Smelansky and Tishkov 2012). There are
three main spatial gradients in Eurasian steppe vegetation: longitudinal, latitudinal
and elevational.Amaindistinction is the longitudinal section along theTienShan–Al-
tai (Yenisei) divide, thus following both climate and flora zonation described above.
The east Siberian–innerAsian (Daurian-Mongolian) steppe subregion of central Asia
is distinguished from the Pontic-Kazakh steppe subregionwestwards (Lavrenko et al.
1991), which also includes the Kulunda region. This is also mirrored in formal phy-
tosociological classification schemes. The class Festuco-Brometea Br.-Bl. et Tx. ex

Table 2.1 Importance value of species along the moisture gradient from the drylands along the
Kazakh border to the meadows of the Altay

Mean indicator values of moisture, 
(Russian analogue of Ellenberg IV) 40–44 44–48 48–52 52–54 54–60
Number of relevés 38 181 299 236 131

Zonal type of steppes 
Dry 

steppe Typical steppe Meadow steppe
Psathyrostachys juncea 14 3 3 . .
Artemisia gracilescens 19 + . . .
Kochia prostrata 13 3 2 + .
Festuca valesiaca 33 36 32 11 +
Stipa capillata 12 29 28 5 +
Artemisia frigida 17 19 10 + . 
Artemisia austriaca 13 14 13 3 +
Koeleria cristata 7 15 15 5 1 
Carex supina 2 14 15 4 +
Stipa zalesskii 1 4 22 6 1 
Medicago falcata + 5 11 7 4
Thymus marschallianus . 4 13 7 +
Artemisia glauca + 4 13 6 1
Helictotrichon desertorum + 2 15 3 . 
Stipa borysthenica . 7 13 + .
Poa angustifolia . 2 12 23 25
Calamagrostis epigejos . 2 11 20 24
Fragaria viridis . + 11 22 22
Galatella biflora + 1 12 16 15
Filipendula vulgaris . . 9 18 15
Festuca pseudovina . 1 14 13 11
Peucedanum morisonii . 1 10 11 6
Elytrigia repens . 3 8 12 15
Carex praecox . 1 10 13 12
Artemisia pontica . + 9 16 10
Phleum phleoides . 1 9 10 11
Stipa pennata . + 9 13 6
Achillea asiatica . + 4 7 12

Adapted from Korolyuk (2014), for a detailed discussion, see Chap. 15
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Soo 1947 unites temperate Euro-Siberian dry and semi-dry grasslands (Willner et al.
2017). In the Asian part of Russia, this class represents steppes of the West-Siberian
plain (Korolyuk 2014) and of the northern periphery of the Altai-Sayan mountains
(Korolyuk and Makunina 2001; Korolyuk 2007). The class Cleistogenetea squar-
rosae Mirkin et al. ex Korotkov et al. (1991) comprises the steppes of Inner Asia
(Central Asia) east of the Ob River. Their continuous range encompasses South-
ern Siberia in Russia, most of Mongolia and the province Inner Mongolia in China
(Mirkin et al. 1986; Hilbig 1995; Korolyuk 2002; Korolyuk and Makunina 2009;
Ermakov 2012). Steppe communities also form extrazonal outposts as far to the
North as North-Eastern Asia (Mirkin et al. 1985; Sinelnikova 2009; Reinecke et al.
2017).

Finer classifications are based on elevational belts and latitudinal gradients. The
Kulunda region thus hosts three main types of steppe communities (Smelansky and
Tishkov 2012): meadow steppes (formingmosaics with forests on a landscape scale),
typical steppes and dry steppes. In the northern parts of the Kulunda region, rela-
tively moist conditions (Fig. 2.3a) allow for productive and species-rich grasslands
(for details, see Chap. 3). These meadow steppe communities typically grow on
well-developed Chernozem soils (see Chap. 4). Characteristic species include bunch
grasses: Stipa pennata and Festuca pseudovina, as well as rhizomatous grasses:
Poa angustifolia, Calamagrostis epigejos, Elytrigia repens and Phleum phleoides
(Table 2.1, Heinicke et al. 2016). A characteristic feature of the meadow steppes is
a high abundance of perennial forbs that also occur far westwards, even into cen-
tral Europe: Fragaria viridis, Galatella biflora, Filipendula vulgaris, Peucedanum
morisonii, etc. (Table 2.1).With conditions getting drier towards the south and south-
west (Fig. 2.3c), typical steppes are found with more drought-tolerant bunch grasses
such as Stipa capillata, S. zalesskii, Festuca valesiaca, Koeleria cristata and Helic-
totrichon desertorum. Forbs and dwarf semishrubs such as Artemisia frigida, A.
austriaca, A. glauca and Thymus marschallianus are also common. Typical steppes
may still grow on Chernozems, though their vegetation cover is lower than in the
northern part of the study region (Korolyuk 2014). Stands become increasingly open
towards theKazakh border, where the prevailing dry steppes (i.e. dry forb-bunchgrass
steppes on Kastanozems) are characterised by a rather open vegetation cover, and by
the fact that most of the biomass is stored below ground (Korolyuk 2014).
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Chapter 3
Climatic Variability of the Kulunda
Steppe

N. F. Kharlamova

Abstract Natural conditions are important, constantly acting factors in the territorial
organization of agriculture, which affect the efficiency of production. Among those,
climate is the primary and most important factor. This paper deals with the spatio-
temporal variability of the thermal regime and moistening conditions of the Kulunda
steppe as an element of the South Siberian agro-steppewithin the Eurasian steppe belt
of the forest steppe and steppe natural zones. Interannual variability of climate has a
great impact on agriculture. Better understanding and taking into account the factors
of climate variability allows solving problems related to climate change. Reducing
the vulnerability of various sectors, such as biodiversity, forestry and agriculture,
to climate variability by raising awareness of policy, work methods and technology
choices will in many cases reduce the long-term vulnerability of these systems to
climate change.

Keywords Climatic variability · Hydrothermal coefficient · Moistening
coefficient · Precipitation regime · Temperature increase · Thermal regime

3.1 Introduction

The Eurasian steppe belt of the forest steppe and steppe plays a leading role in the
global production of agricultural products. The geopolitical and resource importance
of these territories is increasing due to theworld population growth, shortage of fertile
land, climate change and the threat of food crises. In order to solve the fundamental
problem of optimizing the interaction between nature and society of Eurasia under
the conditions of global change of the natural environment, it is necessary to assess
the current and projected climate change (Shumova 2005, 2007; Kharlamova et al.
2014).
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Fig. 3.1 Changes in annual precipitation (mm/75 years) inRussia for the period 1936–2010. Source
Second Assessment Report (2014)

The Kulunda steppe belongs to the Russian steppe belt, which is a part of the
Eurasian steppe system. The climate change taking place here is a bright reflection
of global climate change and needs in-depth study, including an understanding of
regional features of the inland area of the South Siberian agro-steppe. Here, in the
Altai Krai, large areas of arable lands with fertile soils are concentrated. Their use
strongly depends on the state of the arid moderate continental climate (Kharlamova
and Silantyeva 2011a, b).

According to Roshydromet, during the past decades warming happened faster
and to a larger extent in the Russian Federation than in most other areas of the
world (Rosgidromet 2014). During the last 40 years, the average increase in global
temperature was about 0.17 °C per decade. In the territory of Russia, this rise in
temperature has been much faster with 0.43 °C per decade. The trend in annual
precipitation for the period 1936–2010 was positive for most parts of Russia, while
in the south-eastern part ofWestern Siberia, where theAltaiKrai is located, a negative
trend can be observed (Fig. 3.1).

It is necessary to study a longer period of observations throughout the steppe and
adjacent forest steppe natural areas of Russia for an in-depth understanding of the
temporal state and climate variability of the South Siberian agro-steppe.

3.2 Materials and Methods

Forest steppe and steppe zones of Russia extend in a continuous belt through the
Eastern European Plain, the Southern Urals and the West Siberian Plain to the Ob
River (steppe) and the Salair Range in the Altai Krai (forest steppe). To the east of
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Fig. 3.2 Distribution of steppes and forest steppes in Russia. Source http://savesteppe.org/ru/
steppe-oopt

the river Chumysh, the forest steppe and steppe are found only in the form of isolated
islands near Krasnoyarsk, Kansk and Irkutsk and in the intermountain river valleys
of the Altai and Sayan Mountains and Transbaikalian without the formation of a
zone band (Kharlamova and Kozlova 2015). The total area of the steppe natural zone
(northern and dry steppe) in the Altai Krai, the main territory of which lies within the
Kulunda Plain, is relatively small, but it is here that the main massifs of arable land
with the most productive chernozems and chestnut soils are concentrated (Fig. 3.2).

For the statistical analysis of the variability of the thermal regime and the annual
atmospheric precipitation regime of the territory of the forest steppe and steppe
zones of Russia during 1966–2012, the array of monthly open access data was used
by RIHMI-WDC (http: www.meteo.ru) for 33 weather stations located from the west
to the east of the Eurasian steppe belt. In order to assess the heat supply variety of
agricultural crops, the commonly used indicator in Russia is applied—the sum of
the active temperatures above +10 °C (�T > 10 °C). To estimate the conditions for
moistening agricultural areas, the two most commonly used indicators in Russia are
used: the hydrothermal coefficient by G.T. Selyaninov (HTC) and the moistening
coefficient by N.N. Ivanov (CH) (Rosgidromet 2012). The HTC value is included in
the list of indicators of aridity of the climate (Stadler 1987).

The HTC is defined by Selyaninov (1955) as the ratio of the sum of the growing
season precipitation to the sum of average daily temperatures of this period:

HTC = ΣP/(�T>10 ◦C) : 10,

http://savesteppe.org/ru/steppe-oopt
http://www.meteo.ru
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where �P—sum of precipitation for the period with t > 10 °C in mm during the
period with average daily air temperatures above 10 °C to the amount of heat (�T )
during the same period, decreased by 10 times (Selyaninov 1955).

According to the HTC values, the following gradation of humidity of areas was
identified:

• Moderately wet (1.3–1.5),
• Insufficient wet (1.0–1.3),
• Dry (0.7–1.0),
• Very dry (0.5–0.7),
• Extremely dry (HTC < 0.5).

When calculating the moistening coefficient (CH) by N.N. Ivanov, a one year’s
evaporation is calculated by the formula:

Eo = c Ƹθ, 

where Eo—evaporation in mm/year, θ—sums of temperatures above 10° (�T >
10 °C), c—coefficient of 0.18.

Accordingly, CH for the year is expressed by the formula:

CH = ,

where P—precipitation for a year in mm (Keltchevskaya 1971).
The study of the changes in the distribution of the territories of the Altai Krai, the

Republic of Altai and the Novosibirsk Region with the sums of active temperatures
above +10 °C (�T > 10 °C) characterizes variations of heat supply for growing
different crops, obtained by construction of empirical relationship ΣT>10 ◦C as a
function of altitude (z), latitude (ϕ) and longitude (λ) of the locality:

T>10 ◦C = f (z, ϕ, λ).

Estimation of the annual, monthly andmid-seasonal (winter—January, summer—
July) changes in air temperature, annual precipitation andmoistening coefficients CH
and HTC was conducted on the basis of linear trend coefficients b, °C/10 years and
mm/10 years.

3.3 Results and Discussion

The analysis of the thermal regime of forest steppe and steppe zones in Russia
for 1966–2012 shows that the mean annual air temperature decreases from west
to east from 11.9 (Krasnodar) to 0.8 °C (Barabinsk), the winter temperature from
−0.1 (Krasnodar) to −8.5°C (Barabinsk) and the summer temperature from 24.0
(Krasnodar) to 19.2 °C (Barabinsk).
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Table 3.1 Estimates of the linear trend of annual air temperature in forest steppe and steppe natural
zones of Russia, 1966–2012

Weather station b—coefficient of linear
trend, °C/10 years

Weather station b—coefficient of linear
trend, °C/10 years

Krasnodar 0.4 Armavir 0.2

Stavropol 0.2 Rostov-on-Don 0.2

Tsimlyansk 0.4 Volgograd 0.4

Chertkovo 0.3 Valuiki 0.4

Voronezh 0.5 Kalach 0.4

Tambov 0.4 Uryupinsk 0.4

Frolovo 0.4 Penza 0.4

Saratov 0.4 Ershov 0.4

Bezenchuk 0.4 Sorochinsk 0.5

Dombarovsky 0.4 Bredy 0.4

Troitsk 0.4 Makushino 0.4

Ishim 0.5 Russkaya Polyana 0.4

Tatarsk 0.4 Barabinsk 0.5

Slavgorod 0.7 Rubtsovsk 0.4

Zmeinogorsk 0.4 Kamen-on-Ob 0.4

Rebrikha 0.3 Barnaul 0.3

Biysk, Zonalnaya 0.4 Average 0.4

The average annual rate of change of temperature in Russia with forest steppe
and steppe landscapes in 1966–2012 was 0.4 °C/10 years (Table 3.1). The obtained
results almost completely coincide with the estimates given in the Second Roshy-
dromet Assessment Report, according to which the rate of warming over the period
1976–2012 was 0.52 °C/10 for the European territory of Russia and 0.29 °C/10 for
Western Siberia (Rosgidromet 2014).

The rate of warming increases from the western to the eastern border areas of the
forest steppe and steppe landscapes of Russia with increasing continental climate.
Thus, the areas of the least increase in the annual air temperature are the south-western
regions of Russia (Rostov-on-Don, Stavropol and Armavir). More intensive increase
in annual temperature is observed in the West Siberian forest steppe (Barabinsk and
Ishim), reaching the maximum values of 0.7 °C/10 years (Slavgorod) within the
Kulunda steppe of the Altai Krai (Fig. 3.3).

Due to the large extent of the territory of Russia and the variety of its natural
conditions, climatic change occurs unevenly and warming occurs at different rates
in different seasons. A higher rate of temperature rise is typical for winter, which is
0.6 °C/10 years, whereas in summer, the rate of the rising average temperature in
the forest steppe and steppe zones of Russia is two times less with 0.3 °C/10 years
(Table 3.2). Thus, the results of studies indicate significant changes in the thermal
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Fig. 3.3 Spatial distributions of the coefficients of linear trends mean annual air temperature
(°C/10 years) in the forest steppe and steppe natural zones of Russia, 1966–2012

regime throughout the forest steppe and steppe natural zones of Russia, characterized
by warming at an average rate of 0.4 °C/10 years. The highest rates of air temperature
increase are observed in the winter season, reaching the maximum values in the
European territory of Russia.

The study of the changes in the distribution of the territories of the Altai Krai, the
Republic of Altai and the Novosibirsk Region with the sums of active temperatures
above +10 °C (�t > 10 °C), which characterize variations in the heat availabil-
ity of growing a variety of crops, shows that with the continuing rate of warming
towards the end 2025, the sum of the active temperatures can increase by 300 °C or
more. Therefore, the boundaries of the territories with heat availability �T > 10 °C
equal to 2200–2400 and 2400–3000 °C (conditions of dry and extremely dry steppe)
can significantly advance northwards (Fig. 3.4, Mikhailova and Kharlamova 2006;
Mikhailova et al. 2008).

The variability of the annual precipitation is also characterized by non-
homogeneity (Kharlamova 2013a, b). The most noticeable reduction in annual pre-
cipitation during the period 1966–2012 was observed in the western regions of Rus-
sia, especially in the steppe regions of the Western Caspian (−100 mm/10 years,
Fig. 3.5). Negative trends in precipitation of lower values (−20 mm/10 years) were
observed in Azov forest steppe and south of the forest steppe zone of Altai. The
opposite tendencies of an increasing annual precipitation rate of 20 mm/10 years are
noted along the northern borders of the forest steppe zone of Russia and, in particu-
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Table 3.2 Estimates of the linear trend of averaged seasonal surface air temperature in forest steppe
and steppe natural zones of Russia, 1966–2012

Weather station b—coefficient of linear
trend, °C/10 years

Weather station b—coefficient of linear
trend, °C/10 years

January July January July

Krasnodar 0.6 0.6 Armavir 0.5 0.3

Stavropol 0.4 0.4 Rostov-on-Don 0.5 0.4

Tsimlyansk 0.7 0.5 Volgograd 0.8 0.5

Chertkovo 0.8 0.5 Valuiki 0.9 0.6

Voronezh 1.0 0.6 Kalach 0.9 0.4

Tambov 0.9 0.6 Uryupinsk 1.0 0.5

Frolovo 0.9 0.5 Penza 1.0 0.6

Saratov 1.3 0.2 Ershov 1.0 0.5

Bezenchuk 1.0 0.4 Sorochinsk 0.9 0.4

Dombarovsky 0.8 0.2 Bredy 0.8 0.2

Troitsk 0.7 0.3 Makushino 0.5 0.2

Ishim 0.6 0.1 Russkaya Polyana 0.3 0.0

Tatarsk 0.3 −0.1 Barabinsk 0.5 0.0

Slavgorod 0.2 0.0 Rubtsovsk 0 0.0

Zmeinogorsk 0.0 0.1 Kamen-on-Ob 0 0.1

Rebrikha −0.1 0.0 Barnaul −0.1 0.0

Biysk, Zonalnaya 0 0.2 Average 0.6 0.3

Fig. 3.4 Thermal conditions (the sum of active temperatures above +10 °C): a decrease in the
mean annual temperature by 1 °C; b modern; c increase in the mean annual temperature by 1 °C
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Fig. 3.5 Spatial distribution of coefficients of linear trends of annual sums of precipitation
(mm/10 years) in forest steppe and steppe natural zones of Russia, 1966–2012

lar, in the extreme north-east of this zone (40 mm/10 years), where there is a barrier
effect of the Kuznetsky Alatau.

Therefore, the most significant reduction in annual precipitation since the second
half of the twentieth century has been observed in the western regions of Russia,
especially in steppe of the Western Caspian, Azov steppe, forest steppe and steppe
natural zones of Altai. These areas are the most important agricultural regions of
Russia, and the identified trends will certainly impact the structure and quality of
agricultural production.

Average values of moistening coefficient (CH) by Ivanov of forest steppe and
steppe landscapes in Russia vary in the range from 20.8–29.2% (Akbulak, Rubtsovsk
and Slavgorod) to 69.2% (Zmeinogorsk, Table 4). Values of the hydrothermal coef-
ficient (HTC) in the forest steppe and the steppe vary from 0.4 (Slavgorod) to 1.2
(Zmeinogorsk). According to the range ofHTC, the followingmoistening zones have
been identified:

• Insufficiently wet (Krasnodar, Stavropol, Biysk and Zmeinogorsk),
• Dry (Bezenchuk, Frolovo, Uryupinsk, Chertkovo, Rostov-on-Don,Kamen-on-Ob,
Barnaul, Rebrikha),

• Very dry (Akbulak, Bredy, Russkaya Polyana, Rubtsovsk),
• Extremely dry (Slavgorod) (Table 3.3).
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Table 3.3 Mean values of HTC and CH coefficient of moisture of forest steppe and steppe land-
scapes of Russia, 1966–2012

№ Weather
station

Value of CH/(moistening
characteristic)

Value of HTC/(moistening
characteristic)

forest steppe

1 Krasnodar 55.7 (insufficient) 1.0 (insufficiently wet)

2 Kamen-
on-Ob

43.2 (insufficient) 0.8(dry)

3 Barnaul 55.5(insufficient) 0.9 (dry)

4 Rebrikha 48.1 (insufficient) 0.9 (dry)

Steppe

5 Stavropol 57.2 (insufficient) 1 (insufficiently wet)

6 Rostov-
on-Don

49.4 (insufficient) 0.9 (dry)

7 Chertkovo 47.3 (insufficient) 0.9 (dry)

8 Uryupinsk 44.7 (insufficient) 0.8 (dry)

9 Frolovo 38.2 (insufficient) 0.7 (dry)

10 Bezenchuk 44.3 (insufficient) 0.8 (dry)

11 Akbulak 29.2 (scanty) 0.5 (very dry)

12 Bredy 40.6 (insufficient) 0.7 (very dry)

13 Russkaya
Polyana

41.5 (insufficient) 0.7 (very dry)

14 Biysk,
Zonalnaya

59.7 (insufficient) 1.1 (insufficiently wet)

15 Zmeinogorsk 69.2 (insufficient) 1.2 (insufficiently wet)

16 Rubtsovsk 26.6 (scanty) 0.5 (very dry)

17 Slavgorod 20.8 (scanty) 0.4 (extremely dry)

With a general tendency towards reducing the degree of moisture with the increas-
ing continentality of the climate from the western borders of forest steppe and steppe
natural zones of Russia to the Altai Krai, there was a significant barrier effect of the
Altai and Sayan Mountain ranges, contributing to the increase in the availability of
moisture in the territory (Fig. 3.6).

Linear trends of CH and HTC, reflecting the overall long-term trend of moisture
variability during 1966–2012, are negative in most parts of the area under study (for
example, see weather station Slavgorod, Fig. 3.7), while only for some areas like at
the weather stations of Barnaul (Fig. 3.8) and Rebrikha, slightly positive trends are
noted.

Thus, in the course of the study of spatio-temporal variability of the degree
of moistening of forest steppe and steppe landscapes of Russia for the period
1966–2012, a general trend of increasing aridity has been identified. Against a long-
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Fig. 3.6 Spatial distribution of HTC (a) and CH (b) moistening coefficients in forest steppe and
steppe natural zones of Russia, 1966–2012
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Fig. 3.7 Changes of CH (a), HTC (b) values from 1966–2012 for Slavgorod

Fig. 3.8 Changes of CH (a), HTC (b) values from 1966–2012 for Barnaul
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Fig. 3.9 Changes in annual precipitation, weather station in Barnaul, 1838–2028; red line—
smoothed by low-pass filter, grey line—the annual value (without correction for wetting)

term negative orientation of linear trends, rhythmic periods of relative reduction and
increase in moisture are noted.

The results obtained in the study of relatively short time periods, as in this study
(1966–2012), may not correspond to long-term trends, identified on the basis of
long-term series of meteorological observations by the different weather stations.
Thus, the observed rhythm of wet and dry periods was determined on the basis of
the analysis of the distribution of annual precipitation at the Barnaul weather station
for the period 1838–2028 (Fig. 3.9; Kharlamova and Revyakin 2006; Kharlamova
2010). According to these observations, beginning in 2007, there was a tendency of
an increasing moisture content, which can be preserved in the coming years.

However, the peculiarity of modern climate change, beginning from the middle
of the twentieth century, is the change in the ratio of heat and moisture supply. Equal
amount of precipitation at the beginning and at the end of the twentieth century
provided different moisture, because at a higher temperature level, the moisture
content decreases. And if the rate of warming continues to increase in the coming
years, the increasing level of precipitation, projected by 2028 (Fig. 3.9), may not be
sufficient to increase the overall moisture content.

3.4 Conclusions

The spatio-temporal variability of the thermal regime and the humidification of the
Kulunda steppe indicate an appreciable increase in the annual air temperature (an
average of 0.4 °C/10 years) during the almost 50-year period of 1966–2012, espe-
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cially in the winter season. This concurs with an increase in the aridity of forest
steppe and steppe landscapes, where the main agricultural areas are concentrated.
Trends of annual precipitation and coefficients of humidification by Ivanov (moist-
ening coefficient, CH) and Selyaninov (hydrothermal coefficient, HTC) are negative
practically for the whole territory. The most noticeable decrease in annual amount
of precipitation and moisture since the second half of the twentieth century has been
observed in western regions, especially in steppe regions of the Western Caspian,
Azov steppes, forest steppe and steppe regions of Kulunda in the Altai Krai. The
problems in agriculture caused by climatic changes of a regional and global scale
are common for many regions. Therefore, the results of research on this topic on
the example of the South Siberian agro-steppe are very relevant beyond this study
region.
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Chapter 4
Vegetation Patterns and Ecological
Gradients: From Forest to Dry Steppes

N. Lashchinsky, A. Korolyuk and K. Wesche

Abstract Vegetation patterns and plant communities associatedwith them are deter-
mined on the regional scale based on an analysis of remote sensing data and ground
information. Three main vegetation patterns are described in dependence on ecolog-
ical factors: geological substrate (loess vs. sand), relief, precipitation and warmness.
The first two patterns are characterized by the same substrate (loess) but different
relief and consist of dry grasslands in combinationwith birch forests. The first pattern
on elevated plains with extensive gully systems looks at forest patches in the form of
dendritic or amoeba-like contours in a matrix of steppes and arable land. The second
pattern on low-lying plains with poor drainage is patchy with numerous rounded for-
est groves, locally called ‘kolok’ forests, embedded in a steppe matrix. The third one
differs mostly by substrate (sand) and is represented by pine forests in combination
with psammophytic steppes. Each pattern is composed of different vegetation types
(forests and grasslands) and distributed more or less throughout all of the Kulunda
area. Nine types of forest ecosystems and four types of grasslands could be distin-
guished by species composition and their ecological demands. Depending on local
climate conditions, combinations of plant communities in each pattern change from
west to east on the precipitation gradient and from south to north along the warmness
gradient.

Keywords Vegetation pattern · Steppe · Pine forest · Ordination · Ecological
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4.1 Introduction

In the first chapter, the Kulunda steppe was introduced as one relatively uniform
region and a part of the Eurasian steppe zone. In this chapter, wewill discuss Kulunda
vegetation on a finer scale and describe its spatial structure depending on differ-
ent ecological gradients. If on the continental scale climate is the main factor of
vegetation type distribution, then on the regional level there are few ecological fac-
tors equally important for the vegetation spatial structure. Vegetation structure and
composition reflect relief, climate and geological conditions, and plant community
composition is influenced by numerous ecological factors including human impact.

The vegetation of the Kulunda region has been highly transformed by human
activity. For ecologically sustainable land management, knowledge on the natu-
ral or so-called potential vegetation is, however, highly relevant. It is also impor-
tant for an understanding of relationships between vegetation and environmental
conditions—sound knowledge on these relationships allows us to predict vegetation
responses to changes in climate, soil, etc.

In spite of the massive alterations brought by the human colonization of the
Kulunda region, it is still possible to find few remnants of the natural or of compar-
atively undisturbed vegetation. Here, we combined available satellite images with
ground information taken from the literature and obtained them in own field research.
We mostly focused on zonal vegetation and excluded communities such as riparian
ecosystems, different mire types, wet meadows and vegetation on strongly saline
soils. Based on this material, we described spatial patterns in the zonal vegetation
across the entire Kulunda region, and we assessed the key ecological factors respon-
sible for the vegetation diversity.

The most important of these ecological factors are substrate, relief and local
climate. According to differences in relief and surface geological substrate, three
main classes of patterns in spatial vegetation structure could be distinguished. Each
pattern comprises a limited number of vegetation types, themost contrasting ofwhich
are forests and steppes.

4.2 Main Vegetation Patterns and the Associated Plant
Communities

The zonal vegetation on plains covered by the aeolian loess-like deposits comprises
dry open grasslands devoid of trees (steppe) and deciduous forests. Depending on
relief, these two types have two different spatial vegetation patterns each.

The elevated plains in the eastern part of Kulunda close to the Ob River plain sur-
face are well drained by extensive gully systems. There, all flat well-drained surfaces
are covered by steppe-like communities, while forests occur on gully bottoms or on
north- and east-oriented slopes along the gullies. On satellite images, these forest
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Fig. 4.1 Satellite image of class 1 of patterns in spatial vegetation distribution

patches form dendritic or amoeba-like contours in a matrix of steppes and arable
land (Fig. 4.1).

On low-lying plains with poor drainage in the western part of Kulunda, suffusion
is very common and produces numerous small (typically 20–200 m in diameter)
rounded depressions. Like in the first case, all drained flat surfaces are occupied by
steppe and forests are in depressions. The whole picture from above is patchy with
numerous rounded forest groves, locally called ‘kolok’ forests, embedded in a steppe
matrix (Fig. 4.2).

In both cases, the ratio between forest and steppe is strictly determined by relief
features—length of the gullies, or size and amount of the depressions.

The third vegetation pattern is associated with old systems of parallel drainage
channels filled with alluvial sand deposits. The mesorelief of these former channels
was shaped by wind in the form of dune fields. Here, the main vegetation type
is pine forest with Scots pine (Pinus sylvestris). Grasslands in this case covered
small areas, and these are secondary stands formed after fires or logging. The small-
scale vegetation structure is quite monotonous with small openings in an otherwise-
forested landscape (Fig. 4.3).
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Fig. 4.2 Satellite image of class 2 of spatial vegetation distribution

Within each main vegetation pattern, three forest units can be distinguished
depending on the geographical position. Each type has some characteristic features
in terms of structure and especially in species composition. Tables 4.1, 4.2 and 4.3
briefly summarize characteristics of structure and species composition for each forest
unit.

Non-forest vegetation is represented by four main types of dry grasslands
(Table 4.4). In the northern part of the forest steppe, meadow steppes represent
the zonal types of grasslands. These communities are characterized by the domi-
nance of mesoxerophytic perennial forbs (Galatella biflora, Filipendula vulgaris,
Fragaria viridis, etc.) and rhizomatous grasses (Poa angustifolia and Calamagrostis
epigeios). Bunch grasses such as Festuca pseudovina, Stipa pennata and Koeleria
cristatamay be locally abundant. Because these communities grow on slightly saline
soils, halotolerant plants are often present (Artemisia nitrosa, Artemisia rupestris,
Iris halophila, Limonium gmelinii, Pedicularis dasystachys, etc.).

Bunch-grass steppes with many forbs are widely distributed in the southern part
of the forest-steppe zone and in the northern part of the steppe zone. This is the
most species-rich type of dry grasslands in Western Siberia. Communities usually
are polydominant, with abundant bunch grasses (Festuca valesiaca, Stipa capillata,
Koeleria cristata, Stipa pennata, S. zalesskii) and forbs (Fragaria viridis, Filipen-
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Fig. 4.3 Satellite image of class 3 of pattern in spatial vegetation distribution

dula vulgaris,Galatella biflora, Artemisia spp., Thymus marschallianus, etc.). These
steppes are also characterized by a high abundance of mesoxerophytic grasses and
sedges (Poa angustifolia, Calamagrostis epigeios, Carex praecox).

Typical bunch-grass steppes are widespread in the steppe zone, especially in its
southern part. Stipa capillata and Festuca valesiaca are significant dominant species
of the upper and lower herb layers, respectively. Among these dominant species,
common steppe xerophytes grow: Artemisia frigida, Koeleria cristata, Artemisia
austriaca, Carex supina. These plant communities show the lowest species numbers
among the analysed steppes, mainly because of dry conditions and omnipresent
overgrazing.

Sandy steppes inhabit alluvial sand deposits in the steppe zone. They formmosaics
with dry pine forests. Sometimes psammophytic grasslands are formed after fires and
clearcuttings. Among the abundant species are xerophytic plants (Festuca valesiaca,
Artemisia frigida, Stipa capillata, Carex supina) and species preferring sandy soils
(Stipa borysthenica, Cleistogenes squarrosa, Artemisia marschalliana, etc.).
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4.3 Overview of Vegetation and Vegetation–Environment
Relationships

Each plant community was characterized by sampling a set of vegetation relevés, and
for each relevé, mean annual temperature and precipitation were retrieved from the
WorldClimdatabase (Hijmans et al. 2005). Plant species indicator values for southern
Siberia (Tsatsenkin et al. 1974; Korolyuk 2006) were also employed. These indicator
values represent the ecological optimum of a given species along gradients of both
moisture and soil fertility. Average indicator values for moisture and fertility were
calculated for every relevé as the average indicator values of all species registered
within the plot.

Ordination of relevés was used to determine the main geographical and ecological
patterns in steppe vegetation. Species found in less than five relevés were excluded
from the analysis. Cover values of species were transformed to ordinal scale. The
data set was stored and managed in IBIS (Integrated Botanical Information System)
(Zverev 2007). For the ordination,we used canonical correspondence analysis (CCA)
with the standard setting as implemented in the PAST software (Hammer et al. 2001).

The respective ordination plot shows a relatively clear differentiation of plant
communities (Fig. 4.4). All pine forests cluster in the lower part of scattergram. The
most separate position is held by pine forests of the seventh vegetation unit. This
is explained by their species composition with a high share of boreal forest species
(Chimaphila umbellata, Vaccinium vitis-idaea) and a well-developed moss layer. In
this respect, pine forests of the seventh unit resemble true taiga forests typically found
far north of the Kulunda region. Pine forests of the ninth unit also are well separated
from all other forests but are close to sandy steppes. The similarity between sandy
steppes and southern pine forests is based on a group of species well adapted to dry
conditions (xerophytes) and/or to sandy substrate (psammophytes), which are typical
for both units (Artemisia marschalliana, Gypsophila paniculata, Koeleria glauca,
Scorzonera ensifolia, Silene borysthenica, Stipa borysthenica). Together these two
types create a successional series triggered by fires or logging. Pine forests of the
eighth unit are close to slope deciduous forests in the ordination plot. Both of these
grow on relatively moist, yet well-drained soils and contain diagnostic species of the
class Brachypodio pinnati–Betuletea pendulae. They represent the zonal vegetation
of the West Siberian forest-steppe zone (Brachypodium pinnatum, Rubus saxatilis,
Iris ruthenica).

Communities of deciduous forests aremuch closer to each other in the scattergram.
Compared to pine forests, deciduous forests of gully slopes are characterized by
higher species richness values but by lower mean annual temperatures. Birch ‘kolok’
forests are intermediate between slope deciduous forests and steppe units. Within
units, both slope and ‘kolok’ are well differentiated along a moisture gradient. Both
types of deciduous forests are placed close to each other due to the shared presences
of a relatively large group of common mesophyte and xeromesophyte forest species
(Lathyrus pisiformis, Artemisia latifolia, Fragaria viridis, etc.).
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Fig. 4.4 Scatterplot of canonical correspondence analysis of relevés. Numbers correspond to vege-
tation units. Eigenvalues (%): 1 axis—50.9, 2 axis—26.1. Plant communities: 1—ravine forest, 2—
ravine forest, 3—ravine forest, 4—birch ‘kolok’ forest, 5—birch ‘kolok’ forest, 6—birch ‘kolok’
forest, 7—pine forest, 8—pine forest, 9—pine forest, 10—meadow steppes and xeric meadows,
11—typical bunch-grass steppes with many forbs, 12—typical bunch-grass steppes with few forbs,
13—sandy steppes. Abbreviations: fid—soil fertility, MAP—mean annual precipitation, MAT—
mean annual temperature, sp—number of species per relevé, wet—soil moisture

Steppe communities occupy the left part of the scattergram. They are associated
with the driest habitats (low values of precipitation and soil moisture) on productive
soils (highest values of soil fertility). Within this group, all steppe units are well
differentiated along gradients of both moisture and soil fertility. Meadow steppes
and xeric meadows are quite close to dry ‘kolok’ forests in the scattergram. This
reflects the fact that in forest-steppe landscapes, these communities grow in close
vicinity and share a group of light-demanding mesoxerophyte species (Artemisia
macrantha, Filipendula stepposa, Galatella biflora, Lathyrus pratensis, Lathyrus
tuberosus, Lupinaster pentaphyllus). The most distinct position among steppe units
in the scattergram is held by sandy steppes close to southern pine forests as discussed
above.

Available climatic data for Kulunda from the WorldClim database (Hijmans et al.
2005) show that there is a clear gradient of mean annual temperature from south to
the north (Fig. 4.5) and also of annual precipitation from west to east (Fig. 4.6).

For all three vegetation patterns, composition of plant communities changes sig-
nificantly along these climatic gradients. The first pattern which occurs close to the
Ob River mainly shows a west-east gradient, while the second, eastern pattern dis-
plays a more pronounced south-north gradient. Because ribbon pine forests stretch
from south-west to north-east across the whole Kulunda region, they show both gra-
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Fig. 4.5 Spatial patterns of mean annual temperature across Kulunda (based on WorldClim data).
Colours correspond to the mean annual temperatures in °C. Black square indicates the study area

Fig. 4.6 Spatial patterns of mean annual precipitation totals across Kulunda (based on WorldClim
data). Colours correspond to the annual amount of precipitation in mm. Black square indicates the
study area
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dients. In addition, it should be mentioned that ecological factors such as salinity
and level of ground water also play a significant role in vegetation differentiation.
This may result in the formation of azonal vegetation which is not described in the
present chapter.
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Chapter 5
Soils of the Central and Western Steppes
of the Altai Krai

A. Mizgirev, M. Zierdt, P. Illiger, A. E. Kudryavtsev, A. A. Bondarovich,
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Abstract The World Reference Base for Soil Resources (WRB) was chosen as the
soil classification system for the pedological work of the KULUNDA project. The
in-depth analysis and evaluation of anthropogenic soil changes required the use of
historical information based on the Russian soil classification system. The soil map
of Altai Krai (KGKRF in Soil map of the Altai Territory and the Altai Republic 1986,
scale 1:500,000. Novosibirsk, 1992; Kovda and Rozanov in soil science—types of
soils, their geography, and use. Moscow, 1988) and the results of a soil science
expedition to the Altai Krai in 1954 and 1955 published as “The Soils of Altai Krai”
in 1959 (Akademiya Nauk SSSR 1959) worked as reference database. This historical
soil information had to be converted to the WRB system to make it comparable to
current soil information. An unequivocal conversion and transformation were not
always possible resulting in loss of information and data uncertainty. Especially, the
information regarding spatial distribution and area percentage of soil groups was
affected by having an impact on the analysis of soil changes over time. The article
describes the challenges of converting soil information and possibleways of handling
them.
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5.1 Introduction

The dominant soil groups of the research region are the result of a soil development
under high continental climate along a vegetation gradient from forest steppe to typi-
cal steppe to dry steppe. Late Pleistocene deposits like loess and loess derivatives are
the parent material of the pedogenesis. The short vegetation period and large annual
temperature amplitude are the important preconditions for the pedogenesis in the
region (Rosanov and Karmanov 1959; Kovda and Rozanov 1988). They vary along
a northeast–southwest gradient. While the annual precipitation amounts between
500 and 600 mm/a in the northeast, it is much lower in the southwest with values
between 250 and 300 mm/a. With the reduced water supply, the biomass production
of the vegetation decreases. Less organic matter means reduced humus horizons and
decreased humus content in the soils. Therefore, Chernozems and Kastanozems of
different varieties are typical for this climate and vegetation gradient. Because of
their good water and nutrient storage capacities, these soils are the foundation for the
region’s intensive agriculture. Solonetz and Solonchaks are common too, depending
on geological and morphological characteristics in the region. Their percentage is
less than 25% in the region and they are usually not used for agriculture.

Systematic soil mapping of the region was already started at the end of the nine-
teenth century and reached its peak with the soil surveys of the Virgin Lands Cam-
paign. In 1959, the summary of the soil surveys of the 1950s was published with the
title “The Soils of the Altai Krai” by the Academy of Sciences of the Soviet Union.
Based on this work and the results of further soil surveys during the following years,
the Committee of Geodesy and Cartography of the Russian Federation published
the soil map of the Altai Krai at 1:500,000 scale. Both publications are an essential
foundation for the soil degradation research of the KULUNDA project.

Comparing analyses of soil characteristics and soil states are an important
approach to evaluate the effects of land use on soils. Historically, different countries
developed different soil classification systems and methods which are now problem-
atic for research regarding land use effects on soil quality. Not only the classification
but also the field and analytical methods used for soil characterization differ, which
makes it difficult—sometimes even impossible—to compare historic data with cur-
rent soil information. The following material offers not only a description of the soils
of the western Altai Krai but also a discussion of problems of converting information
from soil maps and of comparing laboratory methods to determine soil characteris-
tics. Exemplified approaches will be presented.

5.2 Converting Soil Information from the Russian Soil
Classification System to the WRB Standard

The necessity to transform soil information from the Russian Soil Classification
System and pedological field and laboratory research arose from the agreement to
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use the “World Reference Base for Soil Resources” (FAO2014) as a reference system
for thework of theKULUNDAproject. First stepswere taken to compileRussia’s soil
information and make it useable for an international context as early as in the 1980s.
This was done for the project GLASOD—Global Assessment of Soil Degradation
(Oldeman et al. 1991) which had the global evaluation of soil degradation as its goal
(Stolbovoi and Fischer 1997). Stolbovoi provided an updated version of the Russian
soil information for the FAOWorld Soil Map in 2000. The conversion was based on
Russia’s Soil Map at 1:2,500,000 scale.

Unfortunately, for the KULUNDA project, this scale is too small for a sufficiently
differentiated depiction of the varying soil groups and soil characteristics in the
western Altai Krai. The conversion of soil information with a higher resolution was
required. The soil map of the Altai Krai at 1:500,000 scale seemed suitable (Kovda
1973; Kovda and Rozanov 1988). It was published by the Committee of Geodesy and
Cartography of the Russian Federation (Komitet po geodezii i kartografii Rossiiskoi
Federatsii (KGKRF)) in 1992.

5.2.1 Depiction of Different Classifications

The usage of the higher-resolution soil map of the Altai Krai required a new and
differentiated conversion of the soil groups into theWRB format. The comparison of
both soil maps for the Altai Krai revealed some differences regarding the soil groups
based on the Russian Soil Classification System. The map at 1:2,500,000 scale did
not depict ten soil subgroups which are contained in the legend of the map at 1:
500,000 scale (see Table 5.1). This kind of generalization loss was corrected for the
soils of the chosen research regions. In this process, overall 40 soil groups and soil
subgroups were identified and translated into the WRB in the research regions.

The comparison of soil profile descriptions in both map legends showed some
differences, too (see Table 5.1 and Chap. 2). The reason for the differences was that
the profile descriptions of the soil map at 1:500,000 scale from Kovda (1973) were
based on the soil classification system for the legend of the FAO World Soil Map
but the Stolbovoi (2000) used the since 1974 developed WRB soil classification
(see Table 5.1). The use of these data sets results at least in the different allocation
of qualifiers for some soil groups. But it might even result in a different spatial
allocation of soil groups which would lead to a completely different depiction of the
soil distribution. The further usage of such soil maps holds quite some uncertainty
for a comparing analysis and evaluation of soil degradation phenomena.
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5.2.2 Exemplified New Examination and Description of Soil
Horizons of Selected Soil Profiles

Additional to the analysis of existing maps, soil profiles were examined in the field
and described based on the WRB soil classification system. A soil profile database
was built for the research regions which is accessible here: http://www.sibessc.uni-
jena.de/. Samples were taken from the described profiles. The samples were ana-
lyzed to determine soil characteristics like organic matter, texture, aggregate stabil-
ity, carbonate content, bulk density, pH value, etc. The analyses were conducted in
the laboratories of the Altai State University, the Agrarian State University of the
Altai Krai as well as the Institute of Water and Ecological Problems of the Siberian
Department of the Russian Academy of Sciences.

The purpose of the examinations was the comparison of current results with data
of earlier soil surveys and the evaluation of type and intensity of agricultural land
use effects on the soils. The pedological analyses produced a multitude of new data
about the soil characteristics of the examined profiles. Figure 5.1 presents profile
examples of the widespread soil groups Haplic Chernozem and Haplic Kastanozem.

Fig. 5.1 Examples of standard profile datasheets of the KULUNDA project’s soil survey (left
Haplic Chernozem, right Haplic Kastanozem)

http://www.sibessc.uni-jena.de/
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5.3 Comparability of Analytical Methods Used for Soil
Characterization

The intended comparison presumes that the laboratory analyses were conducted
using the same methods and the evaluation of the results was based on the same
classification system. But the analytical methods for numerous soil characteristics
have changed repeatedly in the past and are now more advanced. This presents
one of the biggest challenges for converting soil information from the Russian soil
classification system into theWRB classification system and using the data of earlier
soil surveys for comparisons.

Soil characteristics texture and soil organic matter are especially problematic. The
Russian particle-size classification system uses different classification limits and the
determination of the humus content uses a completely different analytical method.
Comprehensive comparative analyseswere required. For instance, soil organicmatter
analyses have been performedwith differentmethods. They showedmismatching and
not comparable results, which is based on the differences in the analytical method.
Using this data to analyze changes over time would result in misinterpretations.

5.3.1 Texture

Texture is a fundamental physical soil characteristic which influences the hydraulic
properties and erodibility of soils. Figure 5.2 compares the Russian and international
particle-size classification. The limits of the particle-size classes are lower in the
Russian system than in the international classification.

The usage of texture data derived from different classification methods might
result in erroneous evaluations of soil erodibility or water storage capacity. As an
example, the infiltration capacity of sandy soil is underestimated if the Russian
particle-size classification system is used because the maximal size of its sand class
is 1 mm. Depending on the number of particles between 1 and 2 mm in the soil, pore
space and pore diameter might be less than thought.

The differences between the classification systems are even greater regarding
the definition of textural classes based on the particle-size distribution. While the
definition for clay is almost identical, the particle-size distribution of silts and loams

Fig. 5.2 Comparison of the Russian and the international particle-size classes. Source FAO (2014),
Kovda and Rozanov (1988), Mizgirev et al. (2015) and Scheffer and Schachtschabel (2000)
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Fig. 5.3 Combined display of textural classes based on the Russian and international texture classi-
fication system (underlying color—international classification, green Russian system). Source FAO
(2014), Kovda and Rozanov (1988) and Mizgirev et al. (2015)

differs widely between the two systems (see Fig. 5.3). The comparability of soil
information depends on textural classes, which make it almost impossible to convert
data from one system to the other. For this reason, the standardized evaluation of the
erosion susceptibility of locations based on older and current data and the evaluation
of land use effects is affected by high uncertainty (Mizgirev 2013; Mizgirev et al.
2015).

5.3.2 Soil Organic Matter, Humus, Organic Carbon

The organic substances in soils that are left after decomposition of organic matter
are called humic substances. That is why in literature, the term “humus” is often
used synonymously with “organic substance.” The amount of organic substance or
humus besides texture is an important soil characteristic for classifying them into
soil groups. As well the direct comparison of soil organic matter data with different
time references allows an assessment of soil degradation under different land use
types.
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Traditionally, the determination of all organic carbon compounds is done in the
Slavic speaking region by the wet-combustion method according to Tyurin. Dry-
combustion in a muffle oven (also called loss by combustion) and elemental analysis
are the commonmethods in theUSAandWesternEurope.Higher or lower results due
to the usage of different analytical methods might result in the different classification
of soils. These analytical differences limit the comparability of data. This is a problem
because the data collected in the project cannot be easily compared with data from
Russian soil surveys.

For this reason, newdeterminations of soil organicmatterweremade in connection
with the exemplified new examination and description of soil horizons of selected
soil profiles in the project (see Chap. 19). The method of chrono-sequences was then
used to assess soil degradation by land use.

5.4 Soil Map of the Altai Krai Based on the WRB Soil
Classification System

Due to its location in the high continental region of southern Siberia, the Altai Krai
has the typical soil pattern of steppe regions. Along a climatic northwest–southeast
gradient, the landscape changes by the transition from the forest steppe with typical
Chernozems in the east of the Altai Krai to the light Kastanozems of the dry steppe in
the southwest. About 71% of the Altai Krai’s soils are Chernozems andKastanozems
(seeFig. 5.4). Solonetz,Gleysols, Fluvisols, andHistosols are takingup smaller areas.

Fig. 5.4 Soil map of the Altai Krai based on the WRB soil classification map at 1:5 million scale.
Source FAO (2007, 2014)
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Fig. 5.5 Percentage of the soil groups of the research region. Source
FAO/IIASA/ISRIC/ISSCAS/JRC (2012)

Work of theKULUNDAproject was concentrated on the area to thewest of theOb
River and north of the Aley River. It borders at the Novosibirsk region in the north
and Kazakhstan in the west. The total of the research region is 77,427 km2. 69%
of the region’s soils are Chernozems (49%) and Kastanozems (20%) (see Fig. 5.5)
which is very similar to the soil distribution of whole Altai Krai. Acrisols (13%),
Phaeozems (6%), and Solonetzes (5%) are other soils of this area.

The soil patterns of the districts, where the test areas are located, are different
depending on the local conditions. Figure 5.6 displays the integration of the soil
maps of the Rayons Mamontovskiy and Mikhaylovskiy at 1:500,000 scale into the
FAOWorld Soil Map at 1:5,000,000 scale. The much more detailed soil patterns due
to the different scaling are clearly visible.

The soil pattern of the Mikhaylovskiy Rayon at 1:500,000 scale shows not only a
large variety but also a different percentage of soils in comparison with the research
region (see Fig. 5.7). Here, only 26% of the soils are Chernozems but the portion
of Solonetzes is with 20% almost four times higher than in the research region. The
displayed percentage of Podzoluvisols is about 14% and the Kastanozem portion is
the same in the Mikhaylovskiy Rayon as in the whole research region.

The soil map at 1:500,000 scale was converted into theWRB classification system
for the districts of the test areas. The comparison with the FAO World Soil Map at
1:5,000,000 scale exemplified by the Mikhaylovskiy Rayon shows clearly a less
detailed soil pattern for the small-scale map (six soil groups are displayed). The
large-scale map displays the soil pattern much more detailed with eleven soil groups
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Fig. 5.6 Integration of the soil map at 1:500,000 scale into the FAOWorld Soil Map of the research
area (Mizgirev 2013)

Fig. 5.7 Percentage of the different soil units in the Mikhaylovskiy Rayon. Source Kovda and
Rozanov (1988); KGKRF (1992)
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Fig. 5.8 Segments of the FAO World Soil Map (FAO/IIASA/ISRIC/ISSCAS/JRC 2012) and the
soil map of the Altai Krai (KGKRF 1992) exemplified by the Mikhaylovskiy Rayon (Mizgirev
2013)

(which are 18 soil groups according to the Russian soil classification system) (see
Fig. 5.8). This map reveals that besides Solonetzes a multitude of subgroups of
Kastanozems and Chernozems with different saline properties exist which is not
shown in the generalized world soil map.

The comparison of both differently scaled maps of the Mikhaylovskiy Rayon
does not only reveal the higher degree of differentiation by the map at 1:500,000
scale, it also shows that each map displays soil groups which cannot be found in the
other map. The reason is probably not the different map scaling (see Table 5.2), but
rather a different interpretation of the soil data for the different soil profiles. Themost
significant result of the comparison of both soil maps is the absence of Chernozems
in the FAO soil map at 1:5,000,000 scale. Here, 24% of the soils are classified as
Acrisols.

5.5 Conclusions

The research of the soil pattern and soil characteristics in the Altai region posed a
challenge for all parties involved because the comparative analyses of the soil state
were based on pedological data of historic Russian soil surveys and new, current
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Table 5.2 Comparison of the area of the soil groups in the Mikhaylovskiy Rayon in the soil maps
at 1:500,000 scale (KGKRF 1992) and 1:5,000,000 scale (FAO 2012)

Soil (Kovda and
Rozanov 1988,
KGKRF 1992)

KGKRF_translated
to FAO (1:500,000)

Area [%] FAO WRB (1:5 Mill) Area [%]

Chernozems leached Chernozem Luvic 12.8 Chernozems 0.0

Chernozems ordinary Chernozem Haplic 7.2

Chernozems ordinary
Solonetzic

Chernozem Luvic 1.9

Chernozems southern Chernozem Calcic 5.5

Chernozems 27.4 0.0

Meadow-boggy Gleysol Mollic 0.2 Gleysols 0.4

Meadows saline Gleysol Umbric 4.1

Gleysols 4.3 0.4

Chestnuts Kastanozem Haplic 7.0 Kastanozems 41.0

Chestnuts solonetzic Kastanozem Luvic 4.3

Chestnuts light Kastanozem Haplic 8.6

Chestnuts light
Solonetzic

Kastanozem Luvic 1.1

Kastanozems 21.0 41.0

Meadow-chestnuts
saline

Phaeozem Luvic 3.7 Phaeozems 0.4

Meadow-
Chernozemics
saline

Phaeozem Luvic 2.2

Meadow-
Chernozemics
solonetzic

Phaeozem Luvic 3.6

Phaeozems 9.4 0.4

Sod-podzolics Podzoluvisol Eutric 14.0 Podzoluvisosl 0.0

Solonchaks meadow Solonchak Gleyic 3.9 Solonchaks 12.5

Meadow-chestnuts
solonetzic

Solonetz Gleyic 8.6 Solonetzs 18.0

Meadow-chestnuts
Solonetzic and saline

Solonetz Gleyic 8.8

Meadow-
Chernozemics
solonetzic and saline

Solonetz Gleyic 2.6

Solonetzs 19.9 18.0

Acrisols Acrisols 24.8

Histosols Histosols 3.0
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pedological data. The different soil classification systems and analytical methods
were especially problematic. Amultitude of Russian soil data going back to the 1950s
was available for the researchers. But to use these data for comparative analyses, the
data had to be converted which always results in loss of information and is not
possible for each soil characteristic (analytic). By remapping, soil information can
be collected and used for corrections. But due to the size of the research area and
given time constraints, only very localized soil surveys and correctionswere possible.
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Chapter 6
800 Years of Agricultural Land-use
Change in Asian (Eastern) Russia

A. V. Prishchepov, F. Schierhorn, N. Dronin, E. V. Ponkina and D. Müller

Abstract Asian (Eastern) Russia is a globally important agricultural region but
has received little attention in the literature. This book chapter evaluates the his-
tory of agricultural development in Asian Russia, often colloquially called Siberia,
which is a vast region that stretches from the Ural Mountains to the Pacific Ocean.
First, we summarize agro-environmental conditions across the region. Second, we
present the dynamics of land use, crop and milk yields from medieval times until
recent years and discuss the major underlying causes that bring about the observed
changes in the extent and intensity of agricultural production.We then briefly discuss
untapped agricultural potentials in the region regarding expanding cultivated areas
and particularly regarding increasing productivity in crop and livestock production.
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We particularly focus attention on socio-economic and environmental impediments
that limit uncovering such production potentials in the region.

Keywords Historical land use change · Drivers · Agricultural potential · Yield
gap · Expansion · Abandonment

6.1 Introduction

Russia holds enormous land resources suited for both crop and livestock production.
However, the geographic distributionof land resources that are suitable for agriculture
is uneven across Russia; approximately two-thirds of the 75 million hectares (Mha)
of cultivated croplands and 26% of total livestock production in 2013 were located
in Western (European) Russia (Bartalev et al. 2016; Rosstat 2016). Consequently,
most scientific studies have examined agricultural land-use change and production
opportunities in EuropeanRussia (deBeurs and Ioffe 2014; Ioffe andNefedova 2004;
Prishchepov et al. 2013; Schierhorn et al. 2014), with only a few exceptions focusing
on all of Russia (Dronin and Kirilenko 2010; Dronin and Bellinger 2005; Meyfroidt
et al. 2016; Nefedova 2011; Savin et al. 2001; Swinnen et al. 2017) or specific
parts of Asian Russia1 (Horion et al. 2016; Kühling et al. 2016; Pavlova et al. 2014;
Tchebakova et al. 2011; Wegren et al. 2015; Wright et al. 2012). However, Asian
Russia has not yet been analyzed as a whole. Consequently, little is known in English
literature about historic agricultural development beyond the Ural Mountains. This
is unfortunate because Asian Russia is truly unique, and agriculture only started
to expand to the region in the mid-nineteenth century (Dronin and Bellinger 2005;
Riasanovsky 2000; Treadgold 1957).

Asian Russia experienced multiple fluctuations regarding agricultural land use
during the nineteenth and twentieth centuries, such as the Great Siberian Migration
of 7–8 million people over the Urals during the mid-nineteenth and early twentieth
centuries, which had striking parallels with the migration from Europe across the
Atlantic to the USA and related massive cropland expansion in the US Great Plains.
The agricultural expansion associated with the Great Siberian Migration was inter-
rupted by the colossal sociopolitical disturbances of World War I (WWI) (1914),
Bolshevik revolution (1917) and the Civil War (1917–1923). After 1923, the grad-
ual cropland expansion continued with the perturbation caused by WWII. Another
much larger wave of cropland expansion in Asian Russia started in 1954, when the
Soviet government enacted the Virgin Lands Campaign, during which 13.6 Mha
was ploughed up in Asian Russia alone from 1954 to 1963 (Durgin 1962; Joseph-
son et al. 2013). Finally, another shocking event that affected cropland expansion
was the breakup of the Soviet Union in 1991 and disintegration of state-command
economy, which resulted in massive cropland and managed grassland abandonment

1This vast region, hereafter labelled Asian Russia, is also often called colloquially Eastern, Asiatic
Russia or Siberia.
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during the mid-1990s. Consequently, agricultural production started to recover only
around 2000 in Asian Russia. Both cropland extent and livestock numbers are cur-
rently much lower than those before 1991 (Rosstat 2016; Schierhorn et al. 2016), and
current productivity levels in crop and livestock production fall short of the levels in
industrialized countries (Schierhorn et al. 2016). This suggests that Russia possesses
enormous untapped agricultural potentials, both by bringing idle croplands and grass-
lands back into production and by increasing agricultural productivity (Saraykin et al.
2017; Savin et al. 2001; Schierhorn et al. 2014; Swinnen et al. 2017). Moreover, Rus-
sia may also possess suitable land resources that were not used before and could, in
theory, be brought into agricultural production (Tchebakova et al. 2011).

In this chapter, we will first describe the agro-environmental conditions of Asian
Russia. Then, wewill provide a brief historical summary of agricultural development
over 800 years, structured by major political milestones. Finally, we will discuss the
agricultural production potentials of Asian Russia.

6.2 Geographic Description of the Asian Russian
Agricultural Rim

AsianRussia occupies a large part of theEurasian landmass, stretching from theUrals
to the Pacific Ocean. The Russian Far East2 is also included in our regional definition
of Asian Russia. Asian Russia covers approximately 77% of the Russian territory
or 13 million km2. Taken alone, Asian Russia would be the largest country on earth
by a large margin. In the north, Asian Russia is limited by the Arctic Ocean, and in
the south, it borders Mongolia, China and Kazakhstan. Asian Russia is subdivided
into several natural sub-regions: Western Siberia, Eastern Siberia, Pribaikalje and
Zabaikalje (Transbaikal or Dauria), North-Eastern Siberia, and Southern Siberia
with the Altai and Sayan Mountain ranges, and the Far East (Fig. 6.1).

The elevation of Asian Russia varies markedly. To the west, the area is character-
ized by a flat and unbroken landscape over hundreds of kilometres called the West
Siberian Plain. Over half of the territory of the West Siberian Plain (or the Western
Siberia sub-region) is lowlands with elevations below 100 m (more details about
agro-climatic conditions for Western Siberia you may find in this book in Chap. 8
by Frühauf & Borisenko). In the Central Siberian Plateau, more rugged terrain can
be found with elevations up to 1700 m; the elevation reaches up to 3000 m towards
the eastern edges. In the south of Siberia, the Sayan Mountains rise up to 3100 m
and form the border with the Mongolian People’s Republic.

The climatic conditions vary considerably across Asian Russia. Given its severe
and long winters, the largest part of Asian Russia currently is not suited for crop
and livestock production, except transhumance reindeer herding in parts of North-
Western Siberia. Agriculture stretches across the southern part of Western and East-

2Far East consists of the Amur, Kamchatka, Khabarovsk, Magadan, Primorje and Sakhalin
provinces, plus the Jewish and Chukotka autonomous regions—Fig. 6.1.
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Fig. 6.1 Russia and Asian Russia

ern Siberia with an additional agricultural spot around Yakutsk. By 2013, 68 Mha or
5% of the entire Asian Russian landmass was designated for agriculture, of which
21.8 Mha was used for crops. Within the cropland areas (Fig. 6.1), the lowest aver-
age monthly temperature is−12 °C in February and the highest is 18 °C in July. For
comparison, the lowest average monthly temperature in the cropland belt in Euro-
pean Russia is −9 °C and the highest is 20 °C. There are approximately 121 days
with temperatures over 10 °C in the Asian Russian agricultural belt compared to
150 days in European Russia (Afonin et al. 2008). Regarding the number of days
with temperatures above 10 °C, some Asian Russian provinces that specialize in
wheat production (e.g. southern Tyumen, Kurgan, Altai Krai) (Fig. 6.1) can be com-
pared with provinces in non-fertile areas (non-Chernozem Russia). However, soil
suitability for wheat production is much better in Western Siberia.

The average annual precipitation is 383 mm in the agricultural belt of Asian
Russia, in contrast to 454 mm in European Russia. The drought intensity, mea-
sured by Selyaninov’s Hydrothermal Coefficient (HTC)- an index, which reflects
drought/excessive precipitation conditions and which combines precipitation with
the temperature during the vegetation period, is 1.2 on average for Asian Russia and
0.9 for European Russia (values of the HTC of over one indicate excessive precipita-
tion, and the lower the value, the higher the drought intensity, whereas values below
0.5 indicate severe drought).
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6.3 Vast Idle Land Reserves in Asian Russia by 1917

Asian Russia has been occupied by nomads and hunters and gatherers for centuries
with very little agricultural activity and low output. In search of fur to trade with the
Hanseatic League, merchants and hunters from the Novgorod Republic crossed the
Ural Mountains and reached the valleys of the lower Ob River, settling in some parts
of northern Siberia as early as the twelfth century (Treadgold 1957). The Mongol
conquest of the Eastern Slavs Duchies, which occupied the Russian plain, temporally
stopped the further penetration of Eastern Slavs into Siberia. By freeing themselves
from theMongol yoke, theMoscowDuchy first enlarged its territory at the expense of
the forest-steppe frontiers of European Russia. Later, they conquered the free city of
Novgorod with the Yugorian lands in Siberia. By 1554, theMoscowGreat Duke Ivan
IV (Ivan the Terrible) already featured the name ‘the Ruler of Siberia’, among other
titles (Treadgold 1957). Later, from 1581 to 1585, the Cossack Yermak continued
the conquest of Siberia. Their establishment of the Muscovite towns Tobolsk (1590),
Tomsk (1604) and Yeniseysk (1618) and further penetration towards the Pacific
reflect the rapid conquest of Siberia in the late medieval period (Fig. 6.1).

However, the main interest of Russians in Asian Russia was on hunting and fur
trade, which was in high demand on domestic and international markets. Later, gem-
stones and precious metals became other important stimuli for Russians to conquer
Asian Russia. One can easily conclude that the trade of fur of sable was a precursor
for Moscow’s state enlargement into the Siberian territory. Even 300 years after the
conquest of Siberia by Yermak, Siberia was primarily an exploitative source of fur,
gemstones and metals.

The economic interests to utilize Asian Russia’s agricultural potentials remained
very low until the mid-nineteenth century. The Amur province and the Russian Far
East (Fig. 6.1) were the only regions in Asian Russia where agriculture was well
advanced before the resettlement of Russians by Bohai, Koreans, and Mohe-Nuzhen
already in the twelfth century, primarily in someparts of theAmurfloodplains (Oklad-
nikov 1959). In the rest of Asian Russia, agriculture was likely concentrated in the
vicinity of military outposts and mining towns to satisfy the needs of Russian settlers
for cereals, such as rye and wheat, which are the main ingredients for bread, a key
staple food (Forsyth 1992; Okladnikov 1959; Treadgold 1957). Siberia, being at the
outer Russian frontier, also became infamously known for the resettlement of con-
victs and nobles who had fallen under the Tsar’s disgrace (Forsyth 1992; Treadgold
1957). By 1815, approximately 42 million people lived in Russia, and only 1.1 mil-
lion of those people lived in the territory of Asian Russia, of which only 430,000were
natives (Blackwell 1968; Okladnikov 1968a; Treadgold 1957). Assuming it would
require about 4.4 ha of managed agricultural lands (crops, hayfields, pasturelands)
per capita to satisfy the demands for agricultural products, including about 1 ha
of cropland (Dronin and Bellinger 2005; Okladnikov 1968a), only approximately
0.67 Mha of land were needed for such land-use intensity around 1815 in Asian
Russia (we exclude natives from the calculation because they were not dependent on
grain as a source of staple food).
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Therewere also calls for resettlement inAsianRussia and inquiries for the employ-
ment of state peasants during the nineteenth century for all kinds of services. The
calls particularly addressed the peasants in the temperate and forest steppe of Euro-
pean Russia, who were increasingly short on land (Okladnikov 1968b; Treadgold
1957). Asian Russia also attracted those who wanted to practice religions that devi-
ate from the main course of the Russian Orthodox Church, such as old believers,
those who escaped from the serfdom, or those who ran into problems with the law. In
this regard, Siberia served as a free Utopian land to restart life. Local administration
in Asian Russia had no desire to send back the ‘unofficial’ settlers because it would
impose extra administrative and financial costs and because Asian Russia was labour
insufficient at that time (more on that in Chap. 8 by Frühauf & Borisenko).

Approximately, 1.2 million people immigrated from 1815 until 1860, of which
350,000 were exiles and prisoners, and 200,000 were so-called unofficial settlers,
who searched for better living conditions in Asian Russia (Okladnikov 1968a; Tread-
gold 1957). Consequently, the total population in Asian Russia (including natives)
increased from 1.1 million in 1815 to 2.9 million in 1860 (Treadgold 1957). This
implies that the cropland demand in Asian Russia also more than doubled from 1815
to 1860 to approximately 2.3 Mha (assuming the same land-use intensity of 4.4 ha
per capita, of which 1 ha is required for cropland). Cropland expansion occurred
primarily in the contemporary Chelyabinsk, Kurgan, Tyumen, Omsk, Novosibirsk
provinces, and in the Altai Krai; these areas are part of the fertile Chernozem (Black
Earth) belt of Western Siberia.

The dynamics of migration to Asian Russia intensified after 1861 when the serf-
dom of Russian peasants was abolished, and peasants were able to move freely
(Riasanovsky 2000). Moreover, Russia reached the Black Sea by the mid-nineteenth
century and thereby cleared the space from all the troubles associated with the inva-
sion of nomads or Turks. When Russia conquered the Caucasus and Central Asia a
few decades later, large areas of idle and fertile steppe soils from Austria-Hungary
to Mongolia were in the hands of the Russian Empire and could be ploughed up,
including many areas that were wild and had never been used for ploughing.

Despite the vast and fertile land resources in the steppes of European Russia,
the country continued to suffer from food insecurity and land scarcity in parts of
the densely populated temperate European Russia. The Russian population grew
dramatically, rising from118 to 179million people between1880 and1914.Colonists
whowere invited to use the idleChernozemsoils in the south ofEuropeanRussiawere
mainly large estate owners, and they produced crops for sale on the markets, a stark
difference to the predominant semi-subsistence and household-based production in
earlier times (Parker 1969). While 50% of the cereal production in southern Russia
was exported in the 1860s, the export share of cereals increased to 80% by the
beginning of the twentieth century, limiting the production that was available for
domestic consumption (Chelinstvev 1928; Dronin and Bellinger 2005).

Complementary to the frequently cultivated rye in the north, wheat in the south,
and flax and hemp as industrial crops, new crops were introduced, such as sugar beet,
cotton and maize, which created additional pressure on land-use systems and con-
tributed to the rapid disappearance of the steppes (Parker 1969). However, the grain
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yields remained low and only comprised 6–7 decitons (dt, equivalent to 100 kg)/ha or
approximately half of what was achieved in Europe by that time. One reason for this
difference was low mineral and fertilizers inputs in most areas of Russia. To sum up,
despite vast areas, the peasantry in European Russia suffered from low productivity
and land scarcity towards the end of the nineteenth and the beginning of the twentieth
centuries. The population required more land for agricultural production, and many
people moved to Asian Russia in search of new opportunities in agriculture.

The combination of cropland scarcity and low yields resulted in a sequence of
unrest across European Russia from 1905 until 1907, which induced the Russian
Imperial government to develop resettlement and cropland expansion programs in
Asian Russia. One initiative was, for example, Pyotr Stolypin’s agrarian reform,
which fostered the migration of Russians towards Asian Russia from 1906 to 1914.
The population in Asian Russia increased from 5.7 to 9.3 million people between
1897 and 1911, whereas the native population grewmuch less, ranging from 870,000
to 972,000 people (Treadgold 1957). By 1913, the population of Asian Russia was
comprised of 10 million people out of the 125 million that lived in what is currently
Russian territory. After 1913, further migration of peasants from European Russia
discontinued due to the start of World War I (WWI), and cropland expansion also
nearly stopped until the mid-1920s.

The year 1913 had the best economic performance in the history of Imperial Rus-
sia, and this year later served as the benchmark to compare agricultural performance
during Soviet times. By 1913, the cropland extent reached 10 Mha and nine million
heads of livestock were reared in Asian Russia (Fig. 6.2a, b). In 1913, the greatest
cropland extent of 2 Mha (of which 90% was used for the production of grains) was
recorded in the province that is currently called Altai (more details about histori-
cal agricultural development in Altai Krai you may find in Chap. 8 by Frühauf &
Borisenko). The highest share of croplands in Asian Russia (18% of total area) was
reported for Kurgan oblast and the lowest share (1%) was in the Amur province at

Fig. 6.2 Dynamics of sown areas (a) and livestock numbers (b) for European Russia and Asian
Russia from 1913 until 2013. Source of statistics for 1913, 1928–1938, 1940, 1950, 1953–2013:
USSR CDNEAGosplan (1939), USSR SSPH (1957, 1959), USSR SSPH (1960–1963), USSR CSD
(1965–1976), USSR CSD (1981–1988), USSR CSD (1990). Source Rosstat (2016)
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the Asian edge of Russia. After 1913, the militarization of the economy and the loss
of established international markets due to WWI resulted in colossal fluctuations in
grain supplies within the country. Despite continuing grain production after 1914 in
Asian Russia, domestic trade connections between Asian Russia and European Rus-
sia were partly interrupted during the war. This also disrupted the stable grain supply
in cities in European Russia, which led to revolts in the army and social unrest, and
eventually, it led to the overthrow of the Imperial Government in 1917 and the rise
of the Bolsheviks.

6.4 Agricultural Collapse After 1917 and Poor
Performance of the Collectivized Farming Until 1953

The year of 1917 was associated with deepened turmoil in agricultural production
caused byWWI. TheOctober revolution in 1917 and the subsequentCivilWar further
led to a strong reduction in agricultural output across Russia. The nationalization and
redistribution of land assets of former nobility and landholders following Vladimir
Lenin’s Decree on Land in 1918 did not help to solve the food insecurity issues.
Large numbers of the male urban labour force were procured to support the Red
Army (fighting for the Bolsheviks) and the White Forces (the anti-Bolsheviks) in
the Civil War (1917–1923), but many of them fled to their villages. As a result, the
urban population decreased by one-third and primarily heavily hit European Russia
(Dronin and Bellinger 2005). During the war, the production of civilian products
almost completely ceased, including the production of agricultural equipment and
fertilizers (Dronin and Bellinger 2005). Another negative impact was the collapse of
trade between urban and rural areas. De facto, the semi-agrarian Russia in rural areas
returned to complete self-sufficiency regarding agricultural production and regarding
products for daily use, such as smelting, construction, and local textile production.
During the Civil War, agricultural production contracted dramatically. For instance,
wheat production fell by 30% from 1917 until 1920 across Russia (Dronin and
Bellinger 2005). In Asian Russia, some studies indicate crop production decline by
17% due to a lower share of crops destined for export compared to European Russia
(Dronin andBellinger 2005),while other studies showed sownareas declined by1922
by half of what was cultivated in 1913 (Okladnikov 1968c). A reduction of livestock
by 35% impacted meat and dairy supply and also the supply of organic fertilizers
and draft power.3 The procurement of butter for the export, what Siberia became

3We should note that our numbers for the period 1917–1920 differ from the reports of other schol-
ars, who indicated more drastic decreases in sown areas and livestock numbers for the Civil War
period (Dronin and Bellinger 2005; Okladnikov 1968c). We used official statistics on agricultural
developments from various sources. The official statistics between 1917 and 1940 are questionable
because of potential manipulation by the government. We cannot avoid such bias, as we wanted
to use systematically collected data. All other official statistics, e.g., after 1953, are considered to
better reflect agricultural dynamics.
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famous for during the late Tzarist time, contracted by 13 times from 1917 until 1922
(Okladnikov 1968c). Consequently, the productivity of the land also decreased.

The period of the Civil War was characterized by drastic food shortages in the
cities, which forced the Bolsheviks to develop measures of expropriation of agricul-
tural products in rural areas. However, the fall in agricultural production was com-
plemented by the drought in 1921, which deepened the food crisis, even in major
breadbaskets, including the Volga region, where millions faced death by starvation.
The famine of 1921 forced the Soviet government to develop extraordinary mea-
sures, such as the liberalization of trade and agricultural production via the so-called
New Economic Program (NEP), which existed until 1929. However, the NEP did not
resolve the inadequate provision of the food supply. Often, farmers sold a surplus
production only at very high prices, but such prices were rarely paid. At the same
time, the collectivized system could not supply the farmers with sufficient inputs,
primarily machinery and fertilizers. By 1929 when the NEP ended, agricultural pro-
duction had slightly recovered according to official statistics, and cropland area was
officially back at the level of 1913 in European Russia and was even higher in Asian
Russia (Fig. 6.2a) (Dronin and Bellinger 2005; Okladnikov 1968c). However, the
livestock numbers continued to decline (Fig. 6.2b). The decision about cessation of
the NEP was partially determined by the necessity of rapid industrialization of the
Soviet economy and a strong desire to be able to export grain to obtain the means to
buy machinery for the Soviet industry from abroad, but also with the hope that col-
lectivized large-scale agricultural production will be efficient and supply the cities.
Just in one year collectivized farms raised from 7.7% (1929) to 74% (1930) in the
Central Black Earth region (Dronin and Bellinger 2005). By mid-1931, the Soviet
government reported successful (forced) completion of the collectivization program.

The period of 1931–1940 was characterized by cropland expansion, primarily
in Asian Russia (1 Mha in European Russia and 4 Mha in 4.5 Mha or by 22%
in Asian Russia) (Fig. 6.2a). At the same time, livestock production continued to
decline despite special programs, such as ‘On the development of the socialistic
livestock’ (1931). The massive slaughtering of livestock was most likely a reflection
of the peasants about forced collectivization. A further decrease in livestock numbers
subsequently affected crop productivity due to a lack of organic fertilizers, lack
of horsepower for ploughing and disruption of crop rotation practices. It has been
reported that the yields were as low as 7 dt/ha, and even lower than those during the
pre-revolutionary time. Famines, including the catastrophic famine of 1932–1933,
heavily affected Russia.

The period of World War II (WWII) (in the case of the Soviet Union, a Great
Patriotic War, which lasted from 1941 to 1945) had a devastating impact on agri-
cultural production, especially in European Russia, where major breadbaskets were
occupied by the Nazis. In response, production shifted to the inner parts of Russia.
Due to labour and financial means’ shortage, the drop in the crop production has also
been observed in Asian Russia (Fig. 6.2a). For instance, in Altai and Krasnoyarsk
Krai, Novosibirsk and Omsk provinces sown areas contracted by 25% from 1940 to
1943 (Okladnikov 1968d). A drop in livestock numbers, with cattle numbers reduced
by 20% and horses by 55%, also negatively impacted the productivity of the agri-
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cultural sector (Dronin and Bellinger 2005). In turn, the shortage of grain for fodder
sequentially affected the productivity of livestock and livestock numbers.

After the end of WWII, cultivated areas slowly started to expand again and live-
stock numbers slightly increased. By 1950, the extent of sown areas was lower in
European Russia and reached the same numbers in Asian Russia compared to 1940
(Fig. 6.2a). However, the livestock sector, including milk production, in particular,
continued to suffer from a lack of fodder crop and the poor genetic condition of the
herds, which compromised the supply of the population formilk andmeat (Fig. 6.2b).
The measures to optimize agricultural production, such as merging unsuccessful col-
lective farms with successful ones, were not enough to resolve the chronic problems
of Soviet farming, and they resulted in the agriculture policy measures after 1953
that are described below.

6.5 Expansionist Agriculture in the Soviet Union After 1953

By 1953, the Soviet Union was under pressure to increase its agricultural production,
both grain and milk yields (Fig. 6.3a, b) to meet the growing domestic food demand
and improve national food security, particularly meat and milk consumption (Dronin
and Kirilenko 2010; Josephson et al. 2013; Prishchepov et al. 2015). Nutritious feed
crops rather just hay should be produced to improve meat and milk production. The
agricultural sector recovered only slowly in the aftermath of WWII, and the country
was marred by repeated famines. The government responded by paying more atten-
tion towards boosting agricultural production, particularly in the face of emerging
political isolation from the West (Prishchepov et al. 2015). Wheat, milk yields and
meat production per capita in the Soviet Union, however, remained far below the
average yields in the Western countries, including the USA. For example, spring
wheat generated only 7 dt/ha by 1953 in Asian Russia (Fig. 6.3a, b), and interest-
ingly, even less in European Russia (6 dt/ha). Hence, land productivity remained at
the level of the best production year of the Russian Empire, 1913. Between 1913 and
1953, the croplands area in Asian Russia expanded from 10 to 20 Mha. However,
production was very extensive, without much consideration to advancing technolo-
gies to raise yields. By 1953, livestock numbers in Asian Russia were also the same
as in 1913 with nine million heads.

The Soviet state produced only 29.8 million tons (Mt) of cereals in 1953, less than
the 1940 pre-war level of 35.6 Mt (Josephson et al. 2013). Another collectivization
campaign from 1946 to 1953 in the newly acquired areas of what today constitutes
Belarus, Ukraine, and the Baltic States, also failed to substantially increase domestic
wheat supply (Josephson et al. 2013). Therefore, the ways of increasing agricultural
production and food security became a top political priority and the subject of bitter
political debate. The debate featured the potential successors of Josef W. Stalin after
his death in 1953, namely the group around Nikita Khrushchev, the First Secretary of
theCentral Committee, andGeorgyMalenkov, Chairman of theCouncil ofMinisters.
In their struggle for power, the question of the future orientation of agricultural policy
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Fig. 6.3 Dynamic of spring wheat yields in dt/ha (1 dt= 100 kg) (a) and milk yields (kg/cattle) (b)
separately for European andAsian Russia from 1955 till 2010 (wheat yield) and 1950 till 2013 (milk
yield) with moving average of five years. Source of statistics for 1955–2013: USSR SSPH (1957,
1959), USSR SSPH (1960–1963), USSR CSD (1965-1976), USSR CSD (1981–1988), USSR CSD
(1990). Source Rosstat (2016)

played a key role (Josephson et al. 2013; Prishchepov et al. 2015). Malenkov advo-
cated increasing yields by greater use of fertilizer and modern farming technology
on the existing arable land in the so-called old agricultural areas in European Russia,
in combination with an optional expansion of up to 14 Mha of cropland in areas with
medium crop suitability (McCauley 1976; Prishchepov et al. 2015). Khrushchev, in
contrast, favoured a policy of extending maize cultivation in the former main wheat
and rye growing areas in Ukraine and European Russia (McCauley 1976). Wheat
cultivation, in return, would be expanded in the Eurasian Steppe, where vast stretches
of land had never been used for arable farming before. This strategy, Khrushchev
argued, would exploit the high natural fertility of the dry and semi-dry steppe soils
(Durgin 1962;McCauley 1976). Khrushchev’s plan prevailed—probably because the
Soviet Union lacked sufficient capital reserves to intensify agricultural production in
the farming areas in European Russia (Prishchepov et al. 2015); however, it is most
likely that agricultural expansion further served to increase the human footprint in
scarcely populated Asian Russia (Wein 1980) (more details you may find in Chap. 8
by Frühauf & Borisenko).

In February 1954, Khrushchev announced an ambitious plan for increasing cereal
production, which targeted a 40-Mha expansion of cropland and a 35–40% grain pro-
duction increase within a few years about yields in 1953 (Prishchepov et al. 2015).
This plan became known as the Virgin Lands Campaign (hereafter, Campaign). In
spring 1954, tractors began ploughing up remained steppes in European Russia (Vol-
gograd, Rostov, Saratov, Bashkiria) as well as large tracts of Asian Russia (Kurgan,
Orenburg, Altai Krai, Kemerovo, Novosibirsk, Omsk, Tyumen, Krasnoyarsk, Irkutsk
and Chita) (Fig. 6.1) (Durgin 1962; McCauley 1976) and Northern Kazakhstan with
the aim to mainly sow wheat. Of the 40 million ha that was scheduled to be brought
into cultivation during the Campaign across Soviet Russia and Kazakhstan, 11 mil-
lion had already been ploughed up in 1954 (Durgin 1962; Josephson et al. 2013;
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Prishchepov et al. 2015). While many of these newly ploughed areas were not sown
and some were sown but not harvested due to a lack of equipment, the year 1954
allowed procurement of an additional 14.7 Mt of grain, thanks to good weather
conditions. This promising early success encouraged further expansion. However,
subsequent years brought about colossal losses due to a sequence of droughts and
shattered the initial belief of having at least two to three good harvests every five
years. In 1957, again a year with bad harvests due to droughts, cropland expansion
virtually came to a halt. Following another disastrous drought in 1963, when the grain
yields averaged only 3 dt/ha, an amount insufficient to provide enough seeds for the
following year, the Campaign ended (Prishchepov et al. 2015). Overall, 45 Mha of
steppes lands were converted to cropland from 1953 to 1964 across Soviet Russia
and Kazakhstan. Approximately 13.6 Mha of Asian Russian steppes were ploughed
up by 1964 and cropland expansion was most widespread in the oblast Altai Krai
with 2.8 Mha (Fig. 6.2a) (the nuances about the Campaign across Western Siberia
and Altai Krai are in Chap. 8 by Frühauf & Borisenko).

However, the Campaign resolved the food security issue only partially. Each
hectare ploughed in the virgin steppes allowed for the procurement of only 4.4 dt
of grain per year on average, which increased total Soviet grain production only by
20% instead of the planned 35–40%.However, milk yields almost doubled during the
Campaign, possibly due to the extra supply of feed grain produced in Campaign area
and because of the substitution of grain production with more nutritious feed crops in
temperate EuropeanRussia (Fig. 6.3b).Nevertheless, the failure of theCampaignwas
also one of the reasons for the dismissal of the general secretary of the Communist
Party, Nikita Khrushchev. The Soviet Union even had to start importing grain from
its political enemies, Canada and the USA. Given drastically increasing livestock
numbers since the late 1950s (Fig. 6.2b) and ensuring the growth of milk yields
(Fig. 6.3b), Soviet grain imports reached almost the same amount of grain than was
produced across the entire Campaign area. Moreover, the environmental costs of the
Campaign were tremendous, as it resulted in massive soil erosion, causing yields
to remain low for years to come, the disappearance of steppe-dependent habitat,
and substantial soil carbon release (Bekenov et al. 1998; Prishchepov et al. 2015;
Suleimenov et al. 2012). Khrushchev later conceded that the steppes could instead
serve as extensive livestock grazing systems (Einaudi 1964), but it was too late to
turn around.

However, certain areas in Asian Russia enabled the procurement of more grain
because of cropland expansion and increasing yields; for example,when precipitation
ranged from 600 to 400mm, springwheat yields rose from 7.5 to 8.6 dt/ha on average
by the end of the Campaign (Fig. 6.3a). At the same time, cropland in more marginal
areas, such as at the southern edge of Northern Kazakhstan, where the annual average
precipitation can fall below 200 mm per year, spring wheat yields remained as low
as 3–4 dt/ha (ASK 2003; Prishchepov et al. 2015). This suggests that the opponents
of Khrushchev, who favoured raising yields through higher land-use intensity and
only increasing cropland by a mere 14 Mha in areas with good soil quality (instead
of the 45 Mha put forward in the Campaign), would have had probably made the
better choice to increase agricultural output.
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After the end of the Campaign in 1964, cropland extent in Asian Russia remained
almost stable at approximately 35–36 Mha until the collapse of the Soviet Union
(Fig. 6.2a). In contrast, croplands in Kazakhstan expanded by another 8 Mha from
1964 to 1980, arguably because nearly all accessible land in Asian Russia, including
in many marginal areas, was already ploughed up by 1964.

Another interesting point is that yields were continuously increasing after the end
of the Campaign until the end of the Soviet Union in Asian Russia. Average spring
wheat yields increased from 9.5 dt/ha in the 1960s to 11 dt/ha in the 1970s and
to 12 dt/ha in the 1980s (Fig. 6.3a). However, these yields still lagged far behind
biologically attainable yields (Swinnen et al. 2017) and milk yields were low. The
increment of only 1 dt/ha per decade in Asian Russia was low despite growing
intensification of agricultural production, such as an increase of fertilizers’ inputs
and mechanization of farming.

As noted previously, livestock production was a key focus of Soviet agricultural
and social policies. Since 1927 and until 1953, there has been little increase in
livestock numbers in European and Asian Russia (Fig. 6.2b). However, demand for
livestock products was growing in this period, mainly due to the 36% growth of
the population (Fig. 6.3b). Approximately 37% of the croplands were dedicated
to producing livestock fodder to satisfy the demand for beef and dairy products.
Fuelled with capital from oil and gas revenues of the Soviet Union, the investments
into large agro-complexes since the 1970s, which featured a symbiosis between crop
and livestock production, facilitated the growth of livestock production (Fig. 6.2b).
As a result, livestock numbers in Asian Russia increased by 36% from 1950 to 1970
and increased another 19% from 1971 to 1988 (Fig. 6.2b). Livestock then slightly
decreased until 1991, which coincides with the drop in world oil prices. This also
reflects economic stagnation in the Soviet Union before the collapse; however, we
should also acknowledge the increase in productivity, e.g. in milk yields, over this
period, both in European and in Asian Russia.

6.6 Collapse of Agricultural Production After 1991
and Recent Recovery

The transition from a state-command to a market-driven economy following the
demise of the Soviet Union in 1991 went hand in hand with the collapse of Soviet-
time trade arrangements. This was particularly critical for the West Siberian bread-
baskets, such as Altai Krai, a region that is located equally far from the ports of
European Russia and those of the Russian Far East, approximately 5000 km in each
direction. The vast discrepancy between guaranteed output prices until 1991 and
the production costs of agricultural commodities surfaced after the collapse of state
support, particularly in the heavily subsidized livestock sector, where state support
decreased by 95% (Prishchepov et al. 2013). Subsidy cuts resulted in the reduc-
tion of livestock numbers in Asian Russia by more than half from 1990 to 2000
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(Fig. 6.2b) and were associated with massive contraction of the area used for fodder
crops (Fig. 6.2a), pasturing and hay cutting. Thus, the inefficient, but socially and
thus politically important, livestock sector had been exceptionally affected, as was
the ability to supply sufficient beef and milk products for the diet of the Russian
people from domestic production (Schierhorn et al. 2016).

The unfortunate situation was also due to the infrastructure constraints inherited
from Soviet times. To ensure that fodder crop production would not reduce the pro-
duction of other agricultural commodities, such as wheat, the Soviet Union imported
considerable amounts of highly nutritious fodder crops (e.g. maize) and high-quality
wheat from the USA and Canada. To facilitate these imports, infrastructure devel-
opment in the ports of Nahodka and Vladivostok in the Russian Far East (Fig. 6.1)
focused on unloading capacities for imported grain. However, the current port infras-
tructure is inept for exporting large wheat surplus if the yield gaps are closed or if a
surplus arises via cropland expansion. Moreover, many grain processing industries
(mills and silages) have developed around the breadbaskets, such as Altai Krai. The
high transportation costs reduce the profits from exporting.

From 1991 to 1995, wheat and milk yields dropped in Asian Russia, but then
started to recover (Fig. 6.3a, b). In total, 1991–2000 cropland declined by 11 Mha or
by 30% in Asian Russia while cropland in European Russia declined by 20 Mha or
26% (Fig. 6.2a). The cropland abandonment rate during this period reached 77% in
Zabaikalje and even 84% in Tyva Republic. Krasnoyarsk province (1.27 Mha aban-
doned), followed by Zabaikalje (1.18Mha) and Altai Krai (1.0Mha), contributed the
most to total abandonment between 1991 and 2000. The net reduction of agricultural
land continued until 2007when cropland extent reached its low point due to 13.7Mha
of cropland abandonment inAsianRussia or 37%of all croplands thatwere cultivated
in 1991 compared to 31% of abandoned croplands in European Russia (Fig. 6.2a).
Interestingly, the extent of abandonment in Asian Russia is almost equal to the same
amount of land that was ploughed up during the Campaign from 1954 to 1963. The
spatial distribution of abandoned croplands suggests that areas with excessive and
deficient precipitation and areas with shorter growing periods were more likely to be
abandoned. The areas with a high concentration of abandoned lands also coincided
with a low population density and a higher decrease in birth rates (Meyfroidt et al.
2016; Nguyen et al. 2018).

After 2008, croplands started to expand again across Asian Russia. By 2013,
approximately 0.83Mha of abandoned croplands in Asian Russia were brought back
into cultivation compared to 1.7 Mha in European Russia. Recultivation primarily
occurred in theAmur,Kemerovo,AltaiKrai andOmskprovinces andwas particularly
pronounced in the natural and economically suitable areas that enjoy better physical
access to local and international markets (e.g. in the Amur region) and are endowed
with favourable agro-environmental conditions. The increasing recultivation rates
are associated with economic recovery, the rapidly growing purchasing power of
consumers, the rebounding purchasing power and thus demands livestock products
from Russian consumers, and the re-emerging trade partnerships with countries of
the former Soviet Union as well as globally, as also witnessed by Russia’s accession
into the World Trade Organization (WTO) in 2012. New export markets opened
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up, such as in Southeast Asia, and more particularly, trade with China boomed. For
instance, the sown area for soybeans in the Amur region increased five times from
0.16 to 0.8Mha (2000–2014), which was driven by growing demand in neighbouring
China (Rosstat 2016). From 2000 to 2013, milk yields dramatically increased almost
1500 kg/cow per decade and became three times higher compared to the 1950 level.
Yet milk yields in Asian Russia are roughly twice as low compared to EU-15.

Another development that contributed to the recovery of agriculture in Asian Rus-
sia has been the changing policy framework. Since 2016, new laws on efficient land
use and incentives for the reclamation of abandoned land pressured the provincial
authorities to provide the legislative and infrastructural framework for recultivation,
including dispossession of unused agricultural parcels (Russian Federation 2016).
This situation can, to some extent, be labelled a new cropland expansion campaign.
However, the success of this new campaign is unclear because of the ongoing stagna-
tion of the Russian economy in 2016 and 2017 and the lack of infrastructure to store
and process agricultural commodities destined for export markets. The prospects of
beef sector recovery are also blurry because of the deteriorating purchasing power
of many domestic consumers in the mid-2010s. By 2013, the livestock numbers in
Asian Russia were only 50% of the number in the year 1913 and only one-third of
those in 1991 (Fig. 6.2b).

6.7 Prospects for Agricultural Development in Asian Russia

Asian Russia stretches across a vast area of 6000 km in length from the Urals to the
Pacific Ocean, yet only harbours 34 Mha of croplands, of which 23 Mha were culti-
vated and 11Mha remained abandoned in 2013. Crop production could, in theory, be
increased by bringing formerly used land back into cultivation, by converting thus
far unused land into cropland, e.g. by reclaiming floodplains and marshlands in the
northern edge of theAsianRussian grain belt, as well as by improving yields on exist-
ing fields. However, exemplary studies on recultivation of abandoned lands across
former SovietUnion countries suggest that recultivationwill not be awidespread phe-
nomenon considering the 2017 prices for agricultural commodities in Asian Russia
(Meyfroidt et al. 2016; Nefedova 2011; Saraykin et al. 2017; Schierhorn et al. 2014;
Swinnen et al. 2017). Moreover, socio-economic constraints, such as the availabil-
ity and quality of skilled labour, oftentimes inadequate infrastructure (particularly,
the lack of tarred roads and modern storage facilities), and the adverse investment
climate counterbalance incentives to invest into raising agricultural productivity and
recultivation (Meyfroidt et al. 2016; Swinnen et al. 2017). Moreover, the produced
crops should meet the market demand, as any further cropland expansion can crush
down the current prices; a diversification of crops driven by internal and external
market demand and land-use policies can be a solution.

Unfortunately, current agricultural and land-use policies in Russia pay little atten-
tion to environmental costs associated with the re-use of abandoned lands (such as
the loss of carbon and biodiversity) (Bukvareva et al. 2015). However, abandoned
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croplands offer rare opportunities to restore part of the fragmented remaining areas
of virgin steppes, which were largely converted to croplands during the nineteenth
and twentieth centuries in Asian Russia (Kamp 2014; Kamp et al. 2015). Land-
use policies of the Russian provinces at present reinforce the utilization of all arable
lands, regardless of whether some lands are of high environmental value or are socio-
economically marginal. One example is the southern edge of the Western Siberian
grain belt in the Altai Krai, where wheat yields vary from 7 to 10 dt/ha and soils
were heavily degraded during the Campaign period. Efforts to restore the steppes
at the expense of croplands are still considered by many as an invasion of weeds
and a loss of tax money, which was a common notion that was repeatedly heard
from the local authorities. However, it is clear that steppe restoration may provide
ample societal benefits regarding carbon storage, improvements of soil fertility and
habitat provision for many bird and mammal species (Bekenov et al. 1998; Kamp
et al. 2015). Moreover, alternative options, and in particular extensive livestock rear-
ing, may combine agricultural production with environmental benefits, including the
suppression of grassland fires. Such initiatives may also strengthen environmental
awareness and benefit tourism.

AsianRussia also has prospective regionswith potential land reserves that have not
been used before, which are, for instance, in the Tyumen, Krasnoyarsk, Khabarovsk,
Amur and Primorje provinces. However, such land reclamation and amelioration pro-
grams would require large investments for clearing land from the forest, liming and
other amelioration works. High reclamation costs and poor soil quality may reduce
expected economic returns in these areas and thus the incentives for reclamation
(Tchebakova et al. 2011). However, with improvements in farming technology and
higher prices for agricultural commodities, many of these areas may become attrac-
tive investment targets for the densely populated countries bordering the Russian Far
East, namely Japan, the Koreas, and, last but not least, China (Wegren et al. 2015;
Zhou 2017).

Increasing crop productivity may also contribute to the agricultural development
in Asian Russia. Higher crop yields can be attained with agronomics measures and
better cultivars but also by a strict fulfilment of currently available technologies
(Prishchepov et al. 2019). For example, higher input applications will reduce nutrient
shortages, and capital investments, such as into no-till machinery, may allow for
high yields without compromising soil fertility (Bavorova et al. 2017; Ponkina et al.
2012). In the livestock sector, the shift to intensive feedlot-based production may
raise productivity and could be apt for Asian Russia.

At the same time, in some areas, crop yields can be doubled or even tripled,
such as in the Far East, where existing wheat yield gaps are 1.5 t/ha for 75% of
yield potential based on observations from agrometeorological stations and reported
cultivar capacity (Savin et al. 2001; Swinnen et al. 2017). Assuming a wheat yield
growth of 1 dt/ha per decade in Asian Russia, a very long period would be required
to close the yield gap under the current technologies. However, yield increment
may follow a non-linear path, for instance following the example of yield growth in
Canada along with 2 dt/ha in 10 years by advancing cultivation practices (Ministry
of Agriculture and Agri-Food of Canada 2013). At the same time, a full closure of



6 800 Years of Agricultural Land-use Change in Asian … 83

75% of yield is not realistic in a short period; with current yield increments, closure
would require another 100 years or so.

Some reduction of yield gaps is realistic because much improvement can be
achieved by better education of farmers in improving current production practices.
Production can arguably be increased further by introducing new, emerging tech-
nologies, such as new cultivars, precision farming, and better sowing and harvesting
machinery that also reduce post-harvest losses (Prishchepov et al. 2019). To achieve
such innovations, substantial investments into research and development will be nec-
essary, which can only be brought about by investments from both private compa-
nies and with additional support from governmental authorities by enabling policies,
improving extension services, and investing into research.

Productivity gaps can also be substantially reduced in the livestock sector, which
contributed 50% to total revenue from agricultural production in Asian Russia in
2011. The beef production relies on the production of fodder crops and the man-
agement of grasslands for haymaking and grazing. While there is general agreement
about statistics on sown areas and their suitability to track the dynamics of croplands,
the actual surface and location of the vast extent of grasslands in Asian Russia are
fuzzy due to the definition of what constitutes ‘grassland’ and due to the lack of
apt surveying technologies for grassland resources. Official statistics indicate that
approximately 35 Mha of grasslands were used for hay cutting and grazing by 1989
in Asian Russia (in European Russia-44.5Mha) (GKS SSSR 1991). Keeping in mind
the drastic decrease of livestock following the demise of the Soviet Union after 1990
(approximately 35% of livestock decline from 1991 to 2013 both in European and
in Asian Russia) (Fig. 6.2b), we may assume a decline of grassland use in a similar
proportion to the decrease in numbers of grazing livestock (15 Mha of abandoned
grasslands in European Russia and 12 Mha in European Russia). However, the more
productive grasslands are likely overused, mainly those close to settlements and
livestock farms, whereas more remote grassland areas are often still pristine, used
only sporadically, or continue to be abandoned. However, livestock productivity also
increased over time, and thus potential fodder intake intensity per head of livestock
also increased since 1990.

Last but not least, the policies so far paid little attention to the projected adverse
impacts of climate change, particularly in Western Siberia, where the increase of
temperature is expected to be 2.5 times higher compared to the average numbers
around the world (Belyaeva and Bokusheva 2017; Roshydromet 2014). A doctrine
on preventive measures to mitigate the negative impacts of climate change has been
developed, but the actual mechanisms, such as the development of drought-tolerant
crop varieties and promotion of technologies preserving the moisture in soils, are far
from adequate development; thus, there is room for improvement.
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6.8 Concluding Remarks

We described the historical development of land use in Asian Russia from the twelfth
century to 2017. By linking agricultural use to major socio-economic and political
developments in Russia, we showed that agricultural land use in Asian Russia was
negligible until the mid-nineteenth century but then started to rapidly expand until
1964. Early, yet moderate, cropland expansion was caused by the Great Siberian
Migration from European Russia to Asian Russia. Since 1953, major policy inter-
ventions until 1988 were paramount in harnessing existing production opportunities,
and they helped turn Asian Russia into a major breadbasket. However, agricultural
expansion in the course of the controversial Virgin Lands Campaign, which was
enacted to relieve food shortages in the Soviet Union, generated half of the expected
increase in agricultural production at very high economic and environmental costs
per additional unit of production. The Virgin Lands Campaign also contributed to
substantive and long-lasting negative environmental impacts, such as topsoil degra-
dation and biodiversity decline; these factors compromised crop productivity, and
farmers in the regions have had to bear their legacies up to the present day.

The example of Asian Russia also vividly demonstrated the rapid response of
agricultural land use to major sociopolitical disruption, that is, the dissolution of the
Soviet Union in 1991. Partly as a result of the ensuing downturn, Russia as a whole,
but also Asian Russia, possesses ample opportunities to raise agricultural output
by recultivating some of the abandoned croplands and returning in use massively
abandoned grasslands, increasing land productivity, and increasing output from the
livestock sector both through expansion of grazing land aswell productivity improve-
ments. However, several challenges in harnessing these opportunities loom large in
the region, particularly in a labour-intensive livestock sector, such as the shrinking
and aging population, outmigration of youth, inadequate infrastructure connecting
this vast region, negative projections of climate change and environmental challenges
like land degradation, which impede the uncovering of these potentials. The envi-
ronmental consequences of agricultural expansion should also be weighted since the
current land-use policy measures do not adequately reflect such impacts.

Acknowledgements We acknowledge funding made available through the BMBF KULUNDA
project and ERA.Net Russia Plus Project N.559. The work is performed according to the Russian
Government Program of Competitive Growth of Kazan Federal University. We also acknowledge
funds from the Russian Foundation for Basic Research, grant N. 18-45-030039.

References

Afonin AN, Greene AN, Dzyubenko SL, Frolo NI (2008) Interactive agricultural ecological atlas
of Russia and neighboring countries. Economic plants and their diseases, pests and weeds

ASK (2003) Republic of Kazakhstan: 50 years since the beginning of virgin lands campaign. Statis-
tical digest 1953–2003 (Respublika Kazahstan: 50-Let Nachala Osvoenija Celinnyh i Zalezhnyh
Zemel’. Statisticheskij Sbornik 1953-2003). Almaty



6 800 Years of Agricultural Land-use Change in Asian … 85

Bartalev SA, Plotnikov DE, Loupian EA (2016) Mapping of arable land in Russia using multi-
year time series of MODIS data and the LAGMA classification technique. Remote Sens Lett
7:269–278. https://doi.org/10.1080/2150704X.2015.1130874

Bavorova M, Imamverdiyev N, Ponkina E (2017) Farm-level economics of innovative tillage tech-
nologies: the case of no-till in the Altai Krai in Russian Siberia. Environ Sci Pollut Res. https://
doi.org/10.1007/s11356-017-9268-y

Bekenov AB, Grachev IA, Milner-Gulland EJ (1998) The ecology and management of the
Saiga antelope in Kazakhstan. Mammal Rev 28:1–52. https://doi.org/10.1046/j.1365-2907.1998.
281024.x

Belyaeva M, Bokusheva R (2017) Will climate change benefit or hurt Russian grain production? A
statistical evidence from a panel approach. Discuss. Pap Inst Agric Dev Transit Econ 161:1–25

Blackwell W (1968) Beginnings of Russian industrialization, 1800-1860. Princeton University,
Princeton, NJ

Bukvareva EN, Grunewald K, Bobylev SN, Zamolodchikov DG, Zimenko AV, Bastian O (2015)
The current state of knowledge of ecosystems and ecosystem services in Russia: a status report.
Ambio 44:491–507. https://doi.org/10.1007/s13280-015-0674-4

Canada A, A-FC of (2013) Wheat sector profile—part one: overview (November 2010) (report)
Chelinstvev AN (1928) Russian agriculture before revolution. (Russkoe selskoe khozjaistvo pered
revolutsiei). Novij Agronom, Moscow

de Beurs KM, Ioffe G (2014) Use of Landsat and MODIS data to remotely estimate Russia’s sown
area. J Land Use Sci 9:377–401. https://doi.org/10.1080/1747423X.2013.798038

Dronin NM, Bellinger EG (2005) Climate dependence and food problems in Russia, 1900–1990:
the interaction of climate and agricultural policy and their effect on food problems, NED-New
edition, 1. ed. Central European University Press

Dronin N, Kirilenko A (2010) Climate change, food stress, and security in Russia. Reg Environ
Change 11:167–178. https://doi.org/10.1007/s10113-010-0165-x

Durgin FAJ (1962) The virgin lands programme 1954-1960. Sov. Stud. 13:255–280
Einaudi G (1964) Khrushchev reported planning to give up Virgin-Land Farms. N. Y. Times 2
Forsyth J (1992) A history of the peoples of Siberia: Russia’s north Asian colony, 1581-1990.
Cambridge University Press, Cambridge, New York

Gks SSSR (1991) Narodnoye Khozyaistvo SSSR v 1990. Finansi i Statistika, Moscow
Horion S, Prishchepov AV, Verbesselt J, de Beurs K, Tagesson T, Fensholt R (2016) Revealing
turning points in ecosystem functioning over the Northern Eurasian agricultural frontier. Glob
Change Biol 22:2801–2817. https://doi.org/10.1111/gcb.13267

Ioffe G, Nefedova T (2004) Marginal farmland in European Russia. Eurasian Geogr Econ 45:45–59
Josephson P, Dronin N,Mnatsakanian R, Cherp A, Efremenko D, Larin V (2013) An environmental
history of Russia, New edn. Cambridge University Press, Cambridge, New York

Kamp J (2014) Land management: weighing up reuse of Soviet croplands. Nature 505:483. https://
doi.org/10.1038/505483d

Kamp J, Oppel S, Ananin AA, Durnev YA, Gashev SN, Hölzel N, Mishchenko AL, Pessa J,
Smirenski SM,StrelnikovEG,TimonenS,WolanskaK,ChanS (2015)Global population collapse
in a superabundant migratory bird and illegal trapping in China. Conserv Biol n/a-n/a. https://
doi.org/10.1111/cobi.12537

Kühling I, Broll G, Trautz D (2016) Spatio-temporal analysis of agricultural land-use intensity
across the Western Siberian grain belt. Sci Total Environ 544:271–280. https://doi.org/10.1016/
j.scitotenv.2015.11.129

McCauley M (1976) Khrushchev and the development of soviet agriculture. The virgin land pro-
gramme 1953-1964. Holmes & Meier, New York

Meyfroidt P, Schierhorn F, PrishchepovAV,Müller D, Kuemmerle T (2016) Drivers, constraints and
trade-offs associated with recultivating abandoned cropland in Russia, Ukraine and Kazakhstan.
Glob Environ Change 37:1–15. https://doi.org/10.1016/j.gloenvcha.2016.01.003

Nefedova TG (2011) Agricultural land in Russia and its dynamics. Reg Res Russ 1:292–295. https://
doi.org/10.1134/S2079970511030099

https://doi.org/10.1080/2150704X.2015.1130874
https://doi.org/10.1007/s11356-017-9268-y
https://doi.org/10.1046/j.1365-2907.1998.281024.x
https://doi.org/10.1007/s13280-015-0674-4
https://doi.org/10.1080/1747423X.2013.798038
https://doi.org/10.1007/s10113-010-0165-x
https://doi.org/10.1111/gcb.13267
https://doi.org/10.1038/505483d
https://doi.org/10.1111/cobi.12537
https://doi.org/10.1016/j.scitotenv.2015.11.129
https://doi.org/10.1016/j.gloenvcha.2016.01.003
https://doi.org/10.1134/S2079970511030099


86 A. V. Prishchepov et al.

Nguyen H, Hölzel N, Völker A, Kamp J (2018) Patterns and Determinants of Post-Soviet Cropland
Abandonment in the Western Siberian Grain Belt. Remote Sens 10(12):1973. https://doi.org/10.
3390/rs10121973

Okladnikov AP (1959) Dalekoe proshloe Primor’ja. Vladivostok
Okladnikov AP (1968a) History of Siberia. Siberia as a part of Feudal Russia. Volume II., History
of Siberia since early until modern times (In five vlumes). Istorija Sibiri s drevnejshih vremen do
nashih dnej (v 5 tomah). Nauka, USSR Academy of Science, Leningrad, USSR

Okladnikov AP (ed) (1968b) History of Siberia since early until modern times (In five vlumes).
Istorija Sibiri s drevnejshih vremen do nashih dnej (v 5 tomah). Nauka, USSR Academy of
Science, Leningrad, USSR

Okladnikov AP (1968c) Siberia during the period of building the socialism. Volume IV., History of
Siberia since early until modern times (In five vlumes). Istorija Sibiri s drevnejshih vremen do
nashih dnej (v 5 tomah). Nauka, USSR Academy of Science, Leningrad, USSR

Okladnikov AP (1968d) Siberia during the period of the completion of socialism and transitioning
toward communism., History of Siberia since early until modern times (In five vlumes). Istorija
Sibiri s drevnejshih vremen do nashih dnej (v 5 tomah). Nauka, USSR Academy of Science,
Leningrad, USSR

Parker WH (1969) An historical geography of Russia. Aldine Publishing Company
Pavlova VN, Varcheva SE, Bokusheva R, Calanca P (2014) Modelling the effects of climate vari-
ability on spring wheat productivity in the steppe zone of Russia and Kazakhstan. Ecol Model
277:57–67. https://doi.org/10.1016/j.ecolmodel.2014.01.014

Ponkina E, Bavorova M, Prishchepov AV, Kovaleva I (2012) Positive quantitative analysis of farms
regarding natural conditions, structure, production program, factor endowment, productivity,
economic success and income

Prishchepov AV, Müller D, Dubinin M, Baumann M, Radeloff VC (2013) Determinants of agricul-
tural land abandonment in post-Soviet European Russia. Land Use Policy 30:873–884. https://
doi.org/10.1016/j.landusepol.2012.06.011

Prishchepov AV, Petrick M, Müller D, Schierhorn F, Kraemer R, Kurganova I, Kopsidis M (2015)
Sixty years of the virgin lands campaign in Russia and Kazakhstan: an assessment from an
economic, ecological and political perspective. IAMOYearb. 2015Leibniz Inst Agric Dev Transit
Econ IAMO 39–57

Prishchepov AV, Ponkina E, Sun Z, Müller D (2019) Revealing the determinants of wheat yields in
the Siberian breadbasket of Russia with Bayesian networks. Land Use Policy 80:21–31. https://
doi.org/10.1016/j.landusepol.2018.09.038

Riasanovsky NV (2000) A history of Russia, 6th edn. Oxford press, New-York, Oxford
Roshydromet (2014) Second Roshydromet assessment report on climate change and its conse-
quences in Russian Federation. General Summary. Federal Service for Hydrometeorology and
Environmental Monitoring (Roshydromet), Moscow, Russia

Rosstat (2016) Central statistical database
Russian Federation (2016) Federal law “on amendments to certain legislative acts of the Rus-
sian Federation in terms of improving the procedure of withdrawal of agricultural plots from
agricultural land which are not used for their intended purpose were used with violation
of the legislation of the Russian Federation” (O vnesenii izmenenij v otdel’nye zakonoda-
tel’nye akty Rossijskoj Federacii v chasti sovershenstvovanija porjadka iz”jatija zemel’nyh
uchastkov iz zemel’ sel’skohozjajstvennogo naznachenija pri ih neispol’zovanii po celevomu
naznacheniju ili ispol’zovanii s narusheniem zakonodatel’stva Rossijskoj Federacii). Approved
Federal Council 29th June 2016. Retrieved from http://publication.pravo.gov.ru/Document/View/
0001201607040150?index=0&rangeSize=1

Saraykin V, Yanbykh R, Uzun V (2017) Assessing the potential for Russian grain exports: a special
focus on the prospective cultivation of abandoned land. In: Gomez y Paloma S, Mary S, Langrell
S, Ciaian P (eds) The Eurasian wheat belt and food security. Springer International Publishing,
Cham, pp 155–175. https://doi.org/10.1007/978-3-319-33239-0_10

https://doi.org/10.3390/rs10121973
https://doi.org/10.1016/j.ecolmodel.2014.01.014
https://doi.org/10.1016/j.landusepol.2012.06.011
https://doi.org/10.1016/j.landusepol.2018.09.038
http://publication.pravo.gov.ru/Document/View/0001201607040150?index=0&amp;rangeSize=1
https://doi.org/10.1007/978-3-319-33239-0_10


6 800 Years of Agricultural Land-use Change in Asian … 87

Savin IY, Stolbovoy V, van Diepen CA (2001) Crop growth simulation model wofost and its appli-
cation for land productivity analysis in Russia. V.V. Dokuchaev Soil Science Institute, Russian
Academy of Agricultural Science

Schierhorn F, Müller D, Prishchepov AV, Faramarzi M, Balmann A (2014) The potential of Russia
to increase its wheat production through cropland expansion and intensification. Glob Food Secur
3:133–141. https://doi.org/10.1016/j.gfs.2014.10.007

SchierhornF,Meyfroidt P,KastnerT,KuemmerleT, PrishchepovAV,MüllerD (2016)The dynamics
of beef trade between Brazil and Russia and their environmental implications. Glob Food Secur.
https://doi.org/10.1016/j.gfs.2016.08.001

Suleimenov M, Saparov A, Akshalov K, Kaskardaev Z (2012) Land degradation Issues in Kaza-
khstan and measures to address them: research and adoption. Pedologist: 373–381

Swinnen J, Burkitbayeva S, Schierhorn F, Prishchepov AV, Müller D (2017) Production potential
in the “bread baskets” of Eastern Europe and Central Asia. Glob Food Secur. https://doi.org/10.
1016/j.gfs.2017.03.005

Tchebakova NM, Parfenova EI, Lysanova GI, Soja AJ (2011) Agroclimatic potential across central
Siberia in an altered twenty-first century. Environ Res Lett 6:045207. https://doi.org/10.1088/
1748-9326/6/4/045207

Treadgold DW (1957) The great Siberian migration government and peasant in resettlement from
emancipation to the First World War. Princeton University Press, Princeton

Wegren SK, Nikulin AM, Trotsuk I (2015) Russia’s tilt to Asia and implications for agriculture in
the Far East. EurasianGeogr Econ 56:127–149. https://doi.org/10.1080/15387216.2015.1066263

Wein N (1980) Twenty-five years of new land (Fünfundzwanzig Jahr Neuland). Geogr Rundsch
32:32–38

Wright CK, De Beurs KM, Henebry GM (2012) Combined analysis of land cover change and NDVI
trends in the Northern Eurasian grain belt. Front Earth Sci 6:177–187. https://doi.org/10.1007/
s11707-012-0327-x

Zhou J (2017) Chinese agrarian capitalism in the Russian Far East. Third World Themat. TWQ J.
0, 1–21. https://doi.org/10.1080/23802014.2016.1327795

https://doi.org/10.1016/j.gfs.2014.10.007
https://doi.org/10.1016/j.gfs.2016.08.001
https://doi.org/10.1016/j.gfs.2017.03.005
https://doi.org/10.1088/1748-9326/6/4/045207
https://doi.org/10.1080/15387216.2015.1066263
https://doi.org/10.1007/s11707-012-0327-x
https://doi.org/10.1080/23802014.2016.1327795


Chapter 7
Russian Settlements and the Beginning
of Agriculture in Southwestern Siberia
Until After World War II

M. Frühauf and M. A. Borisenko

Abstract In this publication, themain stages of settlement and land use development
in southwestern Siberia since the eighteenth century are presented with a special
focus on the Altai Krai. The Altai Krai was and is an important agrarian region in
Russia. During the eighteenth century, Russians founded settlements along the river
Ob. Migrating peasants from Russia’s European part began to populate the steppe in
the nineteenth century. Due to religious freedom and governmental provisions like
tax breaks and exemption from military service as well as the rising demand for
agricultural products, number of settlements and agricultural land use grew rapidly.
In the Altai Krai, a new epoch began in the twentieth century due to the usage of
machinery, a developing infrastructure, and the Stolypin agrarian reforms. In the
aftermath of World War I, the Bolshevik Revolution, and the subsequent Russian
CivilWar, the yield of livestock farming and crop production decreased significantly.
After the Bolsheviks seized power in 1917, conditions for settlement development
and land use changed. Important was the rising number of settlements during the
1920s, the reform of land ownership, and the increasing size of fields.
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Fig. 7.1 Arable land in Siberia. Source Wein (1999), modified

7.1 Siberia’s Agrarian Land Resources

Siberia contains an area of 13 million km2, but only 5% (650,000 km2) of it is
used for agriculture (Halicky and Kulizhsky 2015). Agriculture in Siberia mainly is
concentrated on the south of West Siberia lowland in the steppe triangle between
Omsk-Novosibirsk and Barnaul as capital of the Altai Krai (Fig. 7.1). This steppe
zones (steppe and forest steppe) make up 21% of altogether territory of Western
Siberia (Wein 1999). Some 15.1 million inhabitants live in this area (Pleschakova
and Drobischev 2002).

With an area of 360,000 km2, the Southwestern Siberian agricultural triangle
constitutes the biggest agrarian region of Siberia. 55% of the land are used for tillage,
25% for pasturage, and 20% are grassland (N.N 2005). This widespread agricultural
use of the land stems from its favourable climatic (a normal frost-free period of more
than 90 days, Meyer et al. 2008) and soil conditions. Overall, three-quarters of the
soils in the area are Chernozems.

The proportion of agricultural production of Western Siberia in the agricultural
production of Russia amounts to approximately 11% (N.N 1997). But on the other
hand, this cultivated land belongs at the same time to the areas that are intensively
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prone to and affected by different processes of soil degradation and desertification
(Wein 1999; Meyer et al. 2008).

Within the agricultural triangle, the area of the Altai Krai (Fig. 7.2), especially the
Kulunda Steppe, is of great importance. Its history is exemplary of the relationship
between land usage and settlement development. Currently, the Altai Krai is the
secondmost important grain-producing region in Russia behind theOrenburg region.

As shown in Fig. 7.2, the administrative district of Altai Krai (population: 2.4
million, capital: Barnaul) is situated in the Russian foreland of the Altai Mountains
with an area of approximately 169,000 km2. Most of this area (100,000 km2) forms
the north-eastern corner of the Kazakh Steppe which is part of the Eurasian Steppe.

The history of the agrarian land development in Siberia—especially in southwest-
ern Siberia—is very different in comparison with Russia’s European area. Siberia’s
agrarian development was much more driven by the social upheavals and politi-
cal decisions in Russian and Soviet history (Okladinov 1968; Nikonov and Schulze
2004). Differences are observable in the extent to which agriculture was used, its
overall productivity, and its significance for the region’s development. Due to these
differences, a stark contrast has emerged between the agrarian regions west of the

Fig. 7.2 The Altai Krai and the ecoregions of the Kulunda Steppe. Source Illiger et al. (2014),
modified
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Urals and the agricultural areas in Siberia in terms of the types of intensive develop-
ment the regions underwent andwhen these occurred. These unique histories resulted
in diverging socio-economic and ecological impacts on each respective region.

7.2 The Development of Population, Settlements, and Land
Use Until the Bolshevik Revolution

The first Russian settlements were located either close to fortresses or along the
river Ob in today’s Altai Krai. At the beginning of the eighteenth century, Russian
settlements were founded in the Altai region in proximity to a chain of fortresses
along the border of the Russian Empire constructed by Siberian Cossacks. Almost all
settlements along theObwere situated on the eastern shore to bemore protected from
attacks by nomads (Anashkin 1995). In the first half of the eighteenth century, 206
settlements were founded, and in the subsequent half, another 348 new settlements
were reported. Only some areas in the west and southeast of the Altai were not
populated by the end of the eighteenth century (Koldakov 2011).

Peasants fromRussia’s European part arrived in the fertile forest steppe and steppe
in the late eighteenth and early nineteenth century. The promise of freedomof religion
made by Tsarina Katharina II attracted German Mennonites to settle in the region as
well. In the wake of the arrival of the new settlers, the steppe region was seized from
the Khans of the Turks by the Russian Empire.

The migration of peasants followed the ‘Siberian Trek’ along the northern bor-
der of the steppe of the Altai region (Stadelbauer 1986). In Russia’s European part,
peasants were bound to their landowner as serfs until 1861, but in Siberia, the system
of serfdom did not exist in this form. Therefore, in the second part of the nineteenth
century, many peasants chose to settle in Siberia. The demand for agricultural prod-
ucts increased and more farms had to cultivate land (Moon 2013). As early as 1843,
the Russian government promoted the eastward expansion by giving 38 ha plots to
each new settler. Because of the religious freedom but also due to further govern-
ment provisions like tax breaks and exemption from military service (Nikonov and
Schulze 2004), land cultivation was expedited and later got another push by the land
acquisition ruling of 1865 (Vinokurov and Suchodolov 1996). About 350,000 peas-
ants migrated within the next years, and Siberia’s population and settlements grew
rapidly. By 1897, 5.75 million people lived in Siberia with 90% of the population
coming from Russia’s European part (Wein 1999).

In the Russian Altai Mountains and their foreland, the population increased from
432,000 to 1.3 million between 1862 and 1897 (Jakutin 2005). A multitude of new
settlements was founded in the second half of the nineteenth century.

Due to this influx of peasants, the Altai region became one of themain agricultural
producers of Siberia (Nikulina 2015) (Fig. 7.3).

The agricultural productivity in Siberia became much more efficient in the sec-
ond half of the nineteenth century. The annual grain production in western Siberia
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Fig. 7.3 Settlements founded in the Altai Krai between 1850 and 1899 Source Bulygin (2000)

rose from 1.4 million t to more than 7 million t between 1850 and 1900 (Naumov
2006; Łukawski 1981) due to the development of a proper land management sys-
tem: Although no fertilizers were used in this period, two methods were applied to
maintain soil fertility. First, the traditional crop rotation system continued to be used
and second, they also began rotating used land (Lipinskaya 1998). After a couple of
seasons, a field was left fallow and another piece of land was used. The application
of this system was feasible because of the vast amount of land available in Siberia
at that time. The rapid development of agriculture resulted in a production surplus
at the end of the nineteenth century, and part of the surplus, mainly grains, was sent
to Russia’s European part (Halicki and Kulizhsky 2015).

But the agrarian development in these landscapes also caused ecological problems
with significant socio-economic impact. The first huge, historically known disasters
in Russia caused by desertification and land degradation occurred in 1891 and at
the beginning of the twentieth century (Bragina 2003). Thirty million people were
affected in Russia and South Siberia by catastrophic droughts (Timirjazev 1941,
1948).

At the turn of the twentieth century, a new epoch began in the Altai Krai. Usage
of machinery started to replace manual labour and transport shifted from waterways
to railways. The construction of the Trans-Siberian Railway as well as the Stolypin
agrarian reforms (1906) pushed the settlement and agrarian development of Siberia
even further (Voronov 2003). By 1908, the number of migrants was 17 times higher
than three years earlier. 37,000 new settlers had arrived in the Altai region in 1905.
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By 1908, this number had grown to 650,000. More settlements were founded, and
land cultivation intensified even more during the Stolypin agrarian reforms between
1906 and 1914. The reforms made it easier for peasants to acquire and own land
individually (Voronov 2003). During the Stolypin reforms, 250,000 peasants from
Russia’s European part took their chance each year and arrived in the Altai region
(Anashkin 1995).

By then, agricultural land was managed by village communities. Siberia’s agri-
cultural production could keep up with the growing food demand of its population
(Moon 2013). From 1897 to 1914, Siberian population increased by 73% to 2.6
million people (Anashkin 1995), and the land under cultivation doubled (Voronov
2003).

In 1912, more than 800,000 new settlers had arrived in southwestern Siberia,
especially in the Altai region, as illustrated in Fig. 7.4.

Themap in Fig. 7.4 from the beginning of the twentieth century shows that the area
in the Altai foreland was one of the most densely populated regions in southwestern
Siberia. Within seven years between 1906 and 1913, about 600 new settlements were
founded. The Kulunda Steppe is of importance within the Altai foreland because,
due to the massive migration, a multi-ethnic population of Russians, Ukrainians,

Fig. 7.4 Placement of immigrants in the Asian part of Russia from 1893 to 1912. Source Archive
Altai State University
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Germans, and Kazakhs lived here (N.N. 2007). In 1908, immigrants from Central
Russia founded the town Slavgorod which quickly became a centre of production
and trade. About 400 villages existed within the 40–50 km vicinity of Slavgorod
(Nikulina 2015). During the Stolypin reforms, Germans were resettled, and thus,
their population totalled about 17,000 between 1907 and 1914 in 124 settlements
scattered throughout the Slavgorod district.

At the start of the twentieth century, 53% of the population of the Kulunda Steppe
were German, 36% were Ukrainian, and 9% were Russian (Matis 2008). After the
Revolution in 1917,most of Siberia’sGermans lived in theAltai foreland. 36,000Ger-
mans lived in what is now the Altai Krai with 32,000 living in the former Slavgorod
district which now consists of the districts Blagoveshchensk, Burlinsky, Kulundin-
sky, German, and Slavgorod (Matis 2008).

By the time of the First World War, most of the area’s arable land was in use.
Cattle breeding—both by Russians and by natives—was another important part of
agriculture (Forsyth 1994).

As illustrated in Fig. 7.5, most of the settlements were founded in the north-
western and central parts of the Altai region—the fertile steppe areas. The northwest
became the preferred area for Germans to settle and was one of the most populated
areas in southwestern Siberia (Fig. 7.5).

By 1910, about 323,000 km2 of farmland were in use for food production in
Siberia, resulting in an annual million-ton surplus of wheat (Lincoln 1994). Com-

Fig. 7.5 Settlements founded between 1900 and 1918 in the Altai Krai Source Bulygin (2000)
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pared with other areas of Russia, Siberia’s agriculture was quite technologically
advanced around the turn of the century.

With the new settlements and conversion of steppe to agricultural land, agrarian
production grew steadily. By 1913, 30.4% of globally traded grain came fromRussia
making the Russian Empire the top global grain exporter. In Siberia, arable fields and
pastures were larger and farming equipment was better than in Russia’s European
part. In 1911, while their European Russian counterparts were still threshing their
grain by hand, Siberian peasants had an impressive collection of 37,000 mowing
machines and 39,000 horse-drawn rakes (Lincoln 1994).

The livestock was also different in Siberia (as shown by Wein 1999; based on
research of Vinokurov and Suchodolov 1996). A comparison between the Siberian
governorate Tomsk and central Russia showed the amount of horses, cattle, and hogs
per capita was three times higher in Siberia. The livestock of the Siberian peasants
was high even in international comparison. In Germany, the average stock of horses
was 7 per 100 persons, in the USA it was 25 per 100 persons, and in Canada 41 per
100 persons, but in Siberia the stock was 56 horses per 100 persons.

The meat, milk, and butter production were also quite efficient in comparison
with other parts of Russia during this time. Russia became the second biggest butter
global exporter (behind Denmark) in 1913. It earned twice as much by exporting
butter than by exporting gold (Wein 1999). Because of its efficient farming, Siberia
became an agricultural surplus area at that time.

The heyday of Russian agriculture ended with World War I, especially with the
Bolshevik Revolution (1917) and its aftermath (Stadelbauer 1986; Nikonov and
Schulze 2004).

7.3 From the Bolshevik Revolution to the Stalin
and Khrushchev Era

In the aftermath of World War I, the Bolshevik Revolution, and the subsequent Rus-
sian Civil War, the yield of livestock farming and crop production decreased signifi-
cantly. Crop production fell by as much as 61% between 1917 and 1922 (Goryushkin
1966). The butter production in 1921 was merely 3% of butter production in 1913
(Wein 1999).

After the Decree of Land was passed by the Bolsheviks in October 1917, land
proprietorship was abolished. The land estates with their land, livestock, and farm-
ing equipment were confiscated, and the land was distributed to the peasants who
cultivated it. But the productivity of the resulting small farms was very low. Forced
grain requisition plus crop failure resulted in the Great Russian Famine of 1921/1922
claiming millions of lives. The area used for grain production was reduced by one-
third between 1913 and 1921, and the overall agricultural output sank to one-third
of the pre-war level (Hughes 2003; Łukawski 1981).
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In 1922, Lenin proposed the New Economic Policy (NEP). Under the NEP
between 1922 and 1928, private property was allowed again on a small scale to
stimulate the country’s economy (Goryushkin 1966). The forced grain requisition
was replaced by a tax and peasants could privately sell their surplus. Thus, the food
situation stabilized. By the end of the 1920s, the Soviet Union’s grain production
was 100% higher and meat production was 175% higher than in 1921 (Nikonov
and Schulze 2004). In this time, three-quarters of all cultivated land were owned by
medium-size farms. They generated 80% of Siberia’s agrarian products. The remain-
ing land was owned by small and large farms, and the first farming cooperatives were
established during this time. In comparison with 1913, the Soviet Union’s area of
crop farming had increased by 12% and cattle farming by 14% (Okladnikov 1968).

In the Altai Krai, 25,000 km2 were used for agriculture at the beginning of the
Bolshevik Revolution. Here, too, the area of cultivated land was expanded during
the 1920s to a total of 37,000 km2 by 1940 (Jakutin 2005).

More than 5000, mostly smaller settlements existed in the Altai Krai during the
1920s. But due to new political conditions, the boom in building settlements was
over and the construction business declined with businesses like wood mills and
woodcarvers closing their doors (Kazancev 2004). Under the new political regime,
emphasis was mainly placed on congregating in larger settlements. Thus, the Altai
Krai remained a predominantly agrarian region until the end of the 1920s when the
number of settlements began to decline.

Looking back on the beginning of Soviet rule with the achieved NEP’s goal of
improving the economic situation, the following must be concluded.

Lenin’s successor Stalin disagreed with the NEP and saw it as a contradiction
to the ideology of socialism (Hughes 2003). The NEP was abolished in 1928, and
collectivization was enforced. Its process was finished in 1937 when over 90% of
the farms were incorporated into kolkhozes (collective farms) or sovkhozes (state
farms). North America’s well-equipped large-scale farms were a model for the new
collective and state-owned large-scale farms of the Soviet Union. Stalin’s goal was
food security, but lower yields due to the collectivization and mismanagement com-
bined with unfavourable natural conditions resulted in the Great Soviet Famine of
1932/33 with millions of deaths (Tauger 2001). Another goal of the collectivization
was a more efficient agricultural system to free-up workers for the industrialization
of the country. At the time, about 80% of the population still worked in agriculture.

The Altai Krai benefited from the construction of the Turkestano-Sibirsky Rail-
road in the late 1920s and became one of the largest agrarian-industrial regions of
Siberia by the end of the 1930s (Istoriia Altaiskogo kraia).

Between 1939 and 1941, an extensive soil survey was conducted over an area
of more than 1,000,000 km2 throughout the whole Soviet Union. The goal of the
surveywas to identify areas suitable for further agrarian landdevelopment (Josephson
et al. 2013). The realization of this mainly politically motivated idea of new land
development in western Siberia was interrupted by World War II and its aftermath.

During World War II, complete segments of factories were relocated from the
western regions of the Soviet Union, and more than 100 factory segments were
moved to the Altai Krai. The war changed the economic structure of the region by



98 M. Frühauf and M. A. Borisenko

enforcing industrial development and establishing new settlements like the mining
town Gornyak in 1942 or Yarovove for chemical industry in 1943.

The area of cultivated landwas greatly reduced after the end ofWorldWar II in the
Soviet Union. By the end of the 1940s, an area of only 28,000 km2 was still in use for
agricultural production in the Altai region (Bykov et al. 2014). The implementation
of a programme for food security resulted in the expansion of cultivated land, and by
1954, the agrarian area was the same size or even larger than before World War II. In
the Altai region, the area of the cultivated land was about 45,000 km2 and exceeded
its pre-war size (Jakutin 2005; Paramonov et al. 1997). However, the goal of food
security for the Russia’s population could not be met.

7.4 Conclusion

Throughout its 300-year history, the Altai region’s land development by Russians
went through different stages. At the beginning of the eighteenth century, Russian
settlements were founded in the Altai region in proximity to a chain of fortresses
along the border of the Russian Empire. In the nineteenth century, founding new
settlements was promoted by agricultural industry and trade. Besides the growing
mining industry and its importance in the eighteenth century due to theGreatNorthern
War, the agriculture became the basis of the Altai region’s economy at the turn of
the twentieth century. The massive inflow of peasant accelerated the development of
settlements. The evolving infrastructure, like the Altai Railway, and the Stolypin land
reforms contributed to the economic upturn of the region.Themulti-ethnic population
of the Altai region consisted of Russians, Ukrainians, Germans, and Kazakhs.

World War II and its aftermath had a wide influence on the economic structure.
About 100 factoriesmoved to theAltai Krai and enforced the industrial development,
which had an impact on the cultivated area in this region. A programme for food
security was necessary to expand the agrarian area.

During the Soviet period, the settlement network developed in stages. During
the 1920s, the number of rural settlements peaked in the Altai Krai. The settlement
network did not change much between 1930s and the 1950s during Stalin’s regime.
What changed was the administration of settlements, kolkhozes, and sovkhozes, and
the economic conditions for the people living and working there which was caused
by Stalin’s oppressive ruling.
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Chapter 8
The Virgin Lands Campaign (1954–1963)
Until the Breakdown of the Former
Soviet Union (FSU): With Special Focus
on Western Siberia

M. Frühauf, T. Meinel and G. Schmidt

Abstract The goal of the Virgin Lands Campaign under the leadership of Nikita
Khrushchev was an increase in the agricultural production rate to alleviate food
shortage in the Soviet Union after World War II. The campaign was targeted at
converting the vast steppe, mainly in northern Kazakhstan and the Altai Region, into
arable land for grain production. During the 10 years of the Virgin Lands Campaign,
420,000-km2 steppe were transformed. The largest area was converted in the Kazakh
part of the formerSovietUnion.Thiswas globally the largest ecosystemconversionof
the temperate grassland in the twentieth century, and it had an important demographic
dimension as well, which is reflected in the influx of population. The re-settlers found
their home in new settlements, which were also the centres of newly established
agricultural businesses. The campaign’s economic success turned out to be very
depended on weather conditions—especially on precipitation. The annual crop yield
was extremely variable, and the political goals of the campaign were unattainable.
At the same time, increasing soil degradation affected the agricultural land use. After
Khrushchev’s fall, the new party leaders enforced new land management methods,
which addressed the ecological problems, and slowly, yield stability was achieved.

Keywords Virgin land campaigne · Former Soviet Union · Designated Areas ·
Economuic effects · Altai Krai · Type and Intensity of Land Use · Soil Degradation

8.1 History, Political Motivation, and Realization

The idea of a large-scale expansion of cultivated land in the Soviet Unionwas revived
after the end of World War II with its disastrous results for Soviet agriculture and the
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country’s food situation. By the end of the 1940s, grain production was only about
one-third to half of the pre-war level (Durgin 1962). Even in 1953, the output of 29.8
million t of grain was still below the 1940s’ output of 35.6 million t (Josephson et al.
2013). Furthermore, the so-called corn campaign that had been initiated to improve
the meat and milk production resulted in a substantial reduction of the area used for
grain production in the traditional southern Russian Chernozem region (Eule 1962;
Wein 1983). Thus, the Soviet Union became increasingly dependent on grain imports
from North and South America. Importing grains was very expensive because the
Soviet Union had to pay in foreign exchange. This expense, in addition to the new
challenges of the beginning ColdWar, put the country’s economy under considerable
stress.

At first, political decision-makers considered the possibility of an intensification
of the grain production in the existing areas. But the industry, still weakened by
World War II, did not have the capacity to produce the required amount of mineral
fertilizer (Georgiev 1955).

Khrushchev, who was from the Ukrainian agrarian region of the Soviet Union,
took over as leader of the Communist Party of the Soviet Union after Stalin’s death.
He became the leading advocate of the idea of expanding cultivated land which was
already part of Stalin’s ‘Great Plan for the Transformation of Nature’. Khrushchev
successfully pushed for a resolution to increase grain production by an agrarian
development of new, uncultivated land (in Russian: tselinnye zemli) and previously
cultivated land lying idle (tselinnye i zalezhnye) even against criticism from fellow
party members (Malenkov) and scientists (McCauley 1976, as cited in Wein 1983).
The reclamation of the virgin lands (in Russian: oswoenie tselinnych zemel’) began
almost immediately in south-western Siberia with a lot of publicity through political
propaganda two months after the resolution was adopted (Fig. 8.1).

The Virgin Lands Campaign required tremendous economic efforts because of
the insufficient infrastructure in the designated steppe areas. Overall, the Soviet
government invested 44 billion roubles, which was 20% of the national budget, in
land reclamation between 1954 and 1960 (Durgin 1962).

Agreat number of people followed the urging of theKomsomol (the youth division
of Communist Party) and the prospect of higher wages and moved to the agrarian
regions. The number of the re-settlers varies in the literature between 800,000 and 3
million (Wein 1983 and other sources).

At the same time, 500 new socialist large-scale farms (kolkhozes and sovkhozes)
and a multitude of new settlements including social infrastructure like hospitals
and school were founded in Kazakhstan alone. The most prominent example is the
current capital of Kazakhstan. In 1961, the Kazakh city of Akmolinsk was renamed
Tselinograd, literally meaning ‘Virgin Lands City’ which marked the city’s role as
the centre of the Virgin Lands Campaign. After Kazakhstan’s independence from
Russia, the city reverted to the name Akmolinsk but only for a short time. Today the
capital’s name is Astana.

During Khrushchev’s rule, some efforts were made not only regarding coming to
terms with the Stalin era but also regarding improvements in livelihoods for ordinary
citizens working on collective and state-owned farms (Nikonov and Schulze 2004).
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Improvements were made regarding economic and social conditions of the peasants.
For the first time, the kolkhozes’ peasants received a fixed salary and could get an
ID card—now they could travel freely at least within the Soviet Union.

8.2 Designated Areas of the Virgin Lands Campaign
and Its Economic Effects

Mainly unused steppe and steppe previously used only for pasturing were culti-
vated during the Virgin Lands Campaign. But some fields lying idle were reclaimed
too. These fields were usually located in the proximity of settlements and had been
abandoned because of Stalin’s enforced collectivization of agriculture and misman-
agement before World War II. Within the first year of the Virgin Lands Campaign,
110,000 km2 had already been cultivated. 50,000 km2 was converted into arable land
just in the Kazakh Soviet Socialist Republic (Fig. 8.2).

The high yields of the newly cultivated land (see Fig. 8.3) weremotivation enough
for the party’s leaders to expand the land reclamation to an area of 300,000 km2 in
1955 (but only 200,000 km2 was sown—Durgin 1962).

The goal of the original plan was a land conversion of 130,000 km2 (McCauley
1976), but due to political demands the land reclamation was expanded further and

Fig. 8.1 Call for the Virgin lands campaign (in Russian: Osvoenie tseliny). Source
N.N. (2017a)—Access: http://t3.gstatic.com/images?q=tbn:ANd9GcT83Th5mJweG2e3xSlb8ged
18sClMobS34JZ0p6-brRqWAALRbLO13t.

http://t3.gstatic.com/images%3fq%3dtbn:ANd9GcT83Th5mJweG2e3xSlb8ged18sClMobS34JZ0p6-brRqWAALRbLO13t
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Fig. 8.2 Crawler tractors converting the grassland. Source N.N. (2017b)—Access: http://
kazakhsteppe.com/uploads/Threads/zelina_small.jpg.

Fig. 8.3 Extent and areas of the Virgin Lands Campaign. Source modified according to Narodnoe
khoziaistvo SSSR (1957), cited in Meinel (2002)

http://kazakhsteppe.com/uploads/Threads/zelina_small.jpg
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further (Prishchepov et al. 2015). Soon, land conversion areas could be found every-
where in Russia’s steppe (Fig. 8.3).

The largest area with a total of 255,000 km2 was converted in the Kazakh Steppe
located in the north of Kazakhstan (ASK 2003; Kraemer et al. 2015). Furthermore,
62,000 km2 was transformed into arable land in south-western Siberia, 42,000 km2

in eastern Siberia, and 45,000 km2 in the area south of the Urals (Durgin 1962;
McCauley 1976; Rostankowski 1979; Wein 1983, 1999; Stadelbauer 1987). By the
end of theVirgin Lands Campaign, a large area of 418,000 km2 had been converted—
an all-time-record size totalling the areas of Germany plus Austria—unmatched
worldwide! The converted landwasmainly located south of and connected to existing
agrarian areas. Furthermore, land between smaller, island-like existing agrarian areas
was cultivated to connect them and to create larger areas of arable land. This type of
land expansion was applied in the typical steppe regions with Chernozems limited
in depth (Ah horizon depth between 3 and 4 dm), or in more arid steppe regions with
Kastanozems as dominant soil (Meinel 2002).

The land reclamation affected more and more areas of an increasingly continental
and arid climate with an average annual precipitation of less than 300 mm (Hahn
1964), and in some regions even less than 250 mm (Fig. 8.4). These agrarian regions
struggled with higher evapotranspiration, higher variability of precipitation, higher
likelihood of early or late frost, droughts, and wind erosion which affected the length
of the growing season and resulted in a higher yield variability, sometimes even
complete crop losses (Meinel 2002; Rostankowski 1979). Regions of this climate
in the Great Plains in the USA are classified as extremely vulnerable for droughts
and are only seldom used for crop production (Späth 1980). The weather conditions
were very favourable during the first year of the Virgin Lands Campaign resulting
in a high crop yield which was in accordance with the targets of the political plan.
At times, the output of the newly converted regions was up to 40% of the overall
grain yield in the Soviet Union. But, at least in the beginning, the infrastructure was
so limited that most of the unexpected high yield had to be left to rot on the fields
because it could not be processed (Durgin 1962; Eule 1962; McCauley 1976).

Soon after the early enthusiasm, a sobering drought followed. Although the con-
verted area had almost doubled in Kazakhstan in 1955, the yield was 38% lower
than the year before. In Kazakhstan, the targets of the economic plan could not be
met that year because the new land was only partially sown (35%) and yields were
regionally quite low with only 1.5–2.5 dt ha−1 (Durgin 1962; McCauley 1976).

This disaster was followed by a bumper crop year in 1956 and its success seemed
to justify the risks taken in the Virgin Lands Campaign. The Soviet Union produced
about 125 million t of grain in that year. But by 1957, drought had struck again
to everyone’s disappointment. The yield of virgin lands was reduced by 40% and
was even less than 50% in Kazakhstan. Although the grain output of 1961 was
high, Khrushchev ordered the ploughing of fallowed land and land which had been
devoted to grass (McCauley 1976). The weather conditions for grain were favourable
in 1962, and the yield was once again high. But in 1963, due to changed weather
conditions (especially in the European Chernozem regions), a low yield became a
neweconomic disaster. The average yieldwas again about 3.1 dt ha−1 in the converted
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Fig. 8.4 Arable soils in Russia and Kazakhstan. Source Meinel (2002)

Kazakh regions (Kazstat 2003). The harvest was not even sufficient for reseeding in
the next season (Josephson et al. 2013) and everywhere in the Soviet Union livestock
was slaughtered to adapt to the diminished food supply (GKS SSSR 1991; GKS
1956; Prishchepov et al. 2015). This catastrophe required an expensive grain import
of 10 million t from Western countries by the Soviet Union. The Soviet government
was forced to conclude that the ultimate goals of the Virgin Lands Campaign—
establishing an effective buffer against crop failure in traditional agrarian regions
and a grain production rate between 160 million t a−1 and 180 million t a−1 by
1965—were unattainable and action had to be taken. The first measurements were
the ousting ofKhrushchev and the change of the country’s agrarian policy (Josephson
et al. 2013).

8.3 The Virgin Lands Campaign in the Altai Krai

The steppes of south-western Siberia and especially the Kulunda Steppe were the
second largest converted region of the Virgin Lands Campaign after those in the
northern part of today’s Kazakhstan.

Until the start of the Virgin Lands Campaign, grain was mainly produced in the
forest steppe region but also in typical steppe areas (up to the 400 mm isohyet of
annual precipitation) and locally in even more arid steppe areas. The limit of tradi-
tionally manageable arable land was exceeded by the extension of the Virgin Lands
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Fig. 8.5 Monument of a
crawler tractor of the Virgin
Lands Campaign in the
Komsomolsky farm picture.

Campaign in southern and south-western direction. Here in the Kulunda Steppe, the
first steppe conversion of the whole Virgin Lands Campaign was conducted and very
much celebrated as a means of propaganda—a fact still evident in the monument of
the used crawler tractor (Fig. 8.5).

Between the 1930s and the begin of the Virgin Lands Campaign, the number of
settlements decreased from more than 5000 to less than 4000 in the Altai region.

A new settlement structure developed during theVirgin LandsCampaign. The size
of the settlements increased, and they were strongly connected to the kolkhozes and
sovkhozes. Seventy-eight sovkhozes and 77 kolkhozes with many new settlements
were founded in the Altai Krai during the campaign (Fig. 8.6).

At the time, about 13,000 newcomers lived in these at first quite spartan settle-
ments. They arrived mostly from central Russia or what is now Ukraine (Jakutin
2005). Due to the Virgin Lands Campaign, land usage, settlements, and population
changed drastically in the Kulunda Steppe (Jakutin 2005).

Within only two years, a total of 29,000 km2 of unused steppe or steppe only used
for pasturing was converted (Orlowski 1955) and the arable area increased by 65%
in this part of the Altai foreland (Jakutin 2005).
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Fig. 8.6 Increase of arable land area during the Virgin Lands Campaign in the Altai Krai Kulunda
Steppe. Source based on Beloslasov et al. (1999)

According to Meinel (2002), the area of arable land increased in three different
ways during this time showingdifferent relations to landscape, existing infrastructure,
and previous land usage.

The area of arable land was mainly increased in the western and south-western
parts of the region. Here, the dominant soils are (southern) Chernozems, especially
dark and light Kastanozems (Meinel 2002). The land reclamation went beyond the
400 mm isohyet into areas with less than 250 mm of annual precipitation. The land
conversion affected not just the quasi-natural steppe previously used for pasturage
but also previously cultivated land lying fallow. These fields were usually located
in the proximity of settlements which were abandoned before or during World War
II. The reason for abandonment was usually a low crop yield due to droughts. Most
of the abandonments occurred between 1932 and 1936 (Zentralarchiv-Altai Krai
1954)—a time of great political repression which extended even into the agrarian
regions.

During the Virgin Lands Campaign, areas with a gradient of more than 10%,
occasionally even more than 15%, were converted for the first time (Wein 1999).
Most of these areas were in the south-eastern part of the Kulunda Steppe and are
characterized by a slightly higher elevation, a hillier topography, and they form the
transition zone to the Altai Mountains. Reasons for expanding in this region were
a slightly higher precipitation, extended soil management practices due to modern
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Fig. 8.7 Large-scale fields with shelterbelts dominate the forest steppe near Barnaul picture.

agrarianmachinery, and the targets of land conversion set by the centralized economic
plan of the Soviet government.

By the end of the Virgin Lands Campaign, up to 93% of some districts in the
steppe and forest steppe of the Altai Krai were converted into arable land (Kowalev
and Trofimov 1968). Only few grasslands—unused or used only for pasturing—were
left beside the newly created large-scale agrarian steppe areas (Jakutin 2005).

Part of the Virgin Lands Campaign was also a reallocation of already cultivated
areas in the surroundings of settlements. The goal was to create large fields with an
average area of 100 ha (Fig. 8.7). Even today, this agrarian steppe is still dominated
by fieldswith a standard dimension of 500m× 2000m separated by shelterbelts. The
orientation of the fields takes into consideration themainwind direction (south-west).

As Durgin (1962), Eule (1962), McCauley (1976), Rostankowski (1979), Wein
(1983, 1999) and Stadelbauer (1987) documented for the virgin lands in general, the
crop yields vary greatly in the Kulunda Steppe too. The main cause is the annual
variation of precipitation during the growth season (Fig. 8.8).

As illustrated in Fig. 8.8, the crop yield of the ‘virgin land’ Komsomolsky farm is
higher than that of the district and the county due to its more favourable precipitation
amounts and soil conditions. Located at the border along the forest steppe, the annual
precipitation is about 400 mm and the dominant soils are Chernozems (Fig. 8.9) with
Ah horizons of an average depth of 4 dm.

In the large steppe areas of the Kulunda Steppe with their lower precipitation rate,
the crop yield is much more dependent on the precipitation than in the forest steppe
with its higher precipitation and its Chernozems (Frühauf and Meinel 2007).
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Fig. 8.8 Precipitation and yield data of the Altai Krai, Pavlovsky District, and the Komsomolsky
farm in the forest steppe and the yield trend between 1957 and 2010 of the Altai Krai. Source
Komsomolsky farm intern data

Fig. 8.9 Chernozem of the forest steppe (Komsomolsky farm) picture. Source Frühauf (2014)
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8.4 Type and Intensity of Land Use as Source of Soil
Degradation

Besides existing soils and climatic conditions, knowledge about the type and intensity
of used agricultural methods is important for an understanding of crop yield data.
During the first years, the same farming technology was used in the virgin lands
regions as in the traditional Chernozem regions of the European Soviet Union. The
seedbed was prepared by ploughing and subsequent harrowing. Much less fertilizer
was provided for the virgin lands regions in comparison with the agricultural regions
of the European part of the Soviet Union.

To meet the target of an increased wheat production, summer wheat was planted
on the newly cultivated fields for four years in a row putting the soils in the virgin
lands region at a high risk of erosion. Thus, devastating dust storms occurred in the
regions in 1956. Kostrowski (1959) mentioned dust storms so intense that material
from the Kulunda Steppe was transported as far as the distant city Barnaul during
the spring 1957.

Dust clouds darkened the sky and lights had been switched on in the affected
region during the day (cited by Wein 1983, based on Berg’s observations in 1959).
Huge drifts of dirt with depths of up to three metres piled up. During the summer,
portable windbreak fences had been installed along the railroads to protect the tracks
from being buried under the dirt.

An annual loss of 1875 km2 of newly converted land caused by wind erosion
during thefirst years of theVirginLandsCampaignwas estimated (Wein 1983).At the
start of the 1960s, this devastating erosion intensified even more. The damaged area
increased from 7000 to 30,000 km2 between 1961 and 1963. Overall, 130,000 km2

or 31% of the newly converted areas were negatively affected and the crop yield
decreased (Wein 1983).

In the territory of today’s Kazakhstan, more than 80% of the virgin lands were
damaged by wind erosion by 1963. Repeatedly, more than 10,000 km2 of sown
fields was destroyed in just one year. The effects of this phenomenon showed great
similarities to the previous dust bowl events in the prairies of the USA and Canada.
But Khrushchev paid little attention to this problem.

Although measurements like planting of shelterbelts and replacing deep tillage
with flat cultivation methods were already put in place after 1960, the effects of
wind erosion were barely minimized. Own research findings show that soil man-
agement technologies were hardly developed any further during the last years. On
the contrary, after the breakdown of the central structures in agriculture, the lack of
alternatives regarding herbicides, fertilizers, and machinery as well as short-sighted,
profit-oriented management resulted in the fallback to outdated, stressful, and yield-
reducing soil management methods. Here are some of the characteristics:

• Frequent and too deep ploughing/turning of the fields even in the dry steppe region
• Large-scale burning of straw on the fields
• Insufficient maintenance of fallow land
• Not following the crop rotation sequence because of market situation
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• No maintenance of shelterbelts
• No application of erosion protection measurements and dry farming methods
• No application of fertilizers and herbicides (Meinel 2002).

Even the painful experiences of farmers in theMidwest of the USA after the large-
scale prairie conversion decades ago and its negative ecologic and socioeconomic
consequences were largely ignored by the decision-makers of the Soviet agrarian
policy. Meinel (2002) concluded that the Kulunda Steppe is especially vulnerable
for droughts and wind erosion due to its natural conditions and the type of soil
management methods used in comparison with other Siberian virgin lands regions.
He not only emphasized the effects of the used soil management practices on soil
desiccation but also pointed out the importance of the summer (Sukhovey) and the
winter (Buran) storms which aggravate wind erosion.

8.5 The Time After the Virgin Lands Campaign
till the Collapse of the Soviet Union

After Khrushchev’s fall, the new party leaders (Brezhnev 1979) enforced new land
managementmethods. Some of themwere partially already practiced inNorthAmer-
ica like dryland farming, as well as crop rotation, land fallowing, and an increased
use of fertilizers and agricultural machinery. Land was converted again in the 1970s,
but only small areas were transformed (Spaar and Schuhmann 2000), and it did not
reach the scale of the Virgin Lands Campaign. The extent of the agricultural area of
the former Soviet Union was largest between 1975 and 1980 (Fig. 8.10). The size of
virgin lands regions plus the newly converted areas of the 1970s started to decrease
in Kazakhstan by the mid-1980s (Fig. 8.10) but remained stagnant in the rest of the
Soviet Union until its collapse in 1991 (Prishchepov et al. 2015). Seventy-five per
cent of the steppes in the Soviet Union were used for agriculture in the mid-1980s
(Plit et al. 1995).

Fig. 8.10 Sown area in 2012
(compared with 1953) in
Russian and Kazakh parts of
the virgin lands regions.
Source: Prishchepov et al.
(2015)
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Table 8.1 Average crop yields of the Kazakh virgin lands regions

Period 1949–1957 1966–1970 1971–1975 1975–1979

Yields (mill. t) 3.7 20.7 21.7 27.3

Source Wein (1983)

The enforced new land management methods showed some effects regarding a
minimization of ecologic problems (McCauley 1976). Wind erosion was drastically
reduced in the Kazakh virgin lands regions by the planting of shelterbelts. Very few
existed in the Kazakh virgin lands regions up until that point in comparison with the
Russian virgin lands regions which was quite surprising because Stalin had already
ordered the planting of trees as shelterbelts in agricultural areas in 1948. Although the
planting was not successful everywhere, the shelterbelts were eventually beneficial.
However, after Stalin’s death, the planting plan was neglected.

Slowly, yield stability was achieved. Furthermore, targeted fertilizing supported
the increase in the crop yield in the Russian and Kazakh virgin lands regions. The
average wheat yield increased from 7.4 dt ha−1 during the whole Virgin Lands Cam-
paign (1954–1963) to 8.9 dt ha−1 in Kazakhstan. Overall, the amount of produced
grain was significantly increased in the Kazakh virgin lands regions (Table 8.1).

The crop yield of the Russian virgin lands regions increased, too, from an average
of 6.8 dt ha−1 during theVirgin Lands Campaign to an average of 9.4 dt ha−1 between
1965 and 1990 which helped to stabilize the grain production even further.

Crop yields of the virgin lands were, however, still lower than the yield of the
traditional growing areas in the Chernozem regions of the Northern Caucasus and
especially of today’s Ukraine. Here, grain amounts of up to 16 dt ha−1 were being
produced (McCauley 1976; Rostankowski 1979).

The period between 1965 and the late 1980s was a ‘phase of intensification’ as
it is known and it was the most successful and stable time of crop production in the
virgin lands regions. Even with a lot of room left for improvement, a functioning soil
management system had been developed, which resulted in a stable crop yield and
minimized wind erosion. Specialized research institutes had been established and
scientific agricultural research had caught up and was now on par with international
standards. But the Soviet grain production rate was still too low. One of the fun-
damental goals of the Virgin Lands Campaign—the self-sufficiency of the country
regarding grain—could not be achieved and grain still needed to be imported from
Western countries. The imports amounted to between 10 and 16% of the Soviet grain
production and required the use of foreign currency.

After the collapse of the Soviet Union, land use in Russia, and in other coun-
tries like Kazakhstan, changed radically for the second time within 60 years (Lenk
2005). The changes were caused by shifts in political and social conditions and their
retroactive effects influenced land use in western Siberia and the Kulunda Steppe as
well. Most of the successful soil management methods of the intensification phase
were no longer applied. The central distribution of machinery, seeds, and fertilizer
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did not exist anymore, and by the 1990s, crop production went back to the usage of
old soil management methods with a high risk of erosion.

Although these issues will be detailed further in the next chapter, at this point the
following should be noted:

The new socioeconomic conditions led to demographic change and a rural exodus
in the area, which resulted in an over-ageing population and in a sharp decline in the
number of settlements. In 1989, 1697 settlements existed in the Altai Krai region
according to a census from the same year (384 were founded in the eighteenth
century, 314 in the nineteenth century, and 996 in the twentieth century (Bulygin
2000; Sel’skie 2011). Only 1598 settlements were counted 21 years later in 2010
(Kazancev 2004; Sel’skie 2011).After the tremendous increase in sown areas because
of the Virgin Lands Campaign, the area used for crop production decreased sharply
immediately after the collapse of the Soviet Union (Fig. 8.10).

The speed and dimension of the decrease were globally unprecedented (Lyuiri
et al. 2010; Kurganova and Gerenyu 2012; Prishepov et al. 2013; Schierhorn et al.
2013; Kraemer et al. 2015). Although radically reduced, Kazakhstan’s arable area
was still twice as large in 2010 than before the Virgin Lands Campaign (Prishchepov
et al. 2015). However, Russia’s arable land in 2010 was only 65% the size of the area
in 1990 and only 60% of 1965 (Fig. 8.10).

Meanwhile in Kazakhstan, arable land that had been converted for agricultural
use after the peak of the Virgin Lands Campaign between 1962 and 1990 was left
lying idle. The soils here are of poorer quality than those in the steppe that were
converted during the peak of the Virgin Lands Campaign (IAMO 2015).

Irrespective of these facts, evolving social conditions resulted not just in changed
land use, ecosystems as well as socioeconomic consequences, but had ecological
effects, too. As the studies from Rusalimova et al. (2006) and Schierhorn et al.
(2013) show, consequences of these ecological developments do not just include
an increased potential of carbon sequestration in these areas. Additionally, findings
from these studies point out the potential of the fallow areas for current and future
challenges regarding world food problems and future ‘bread baskets’ (Schierhorn
and Müller 2011; Schierhorn et al. 2014; Glauben 2014).

8.6 Conclusion

The review of the main factors and important stages of the agricultural land devel-
opment of south-western Siberia and especially of the Kulunda Steppe shows clear
differences regarding the development of this region in comparison with the Euro-
pean part of Russia and later Soviet Union. The differences are not only Siberia’s later
development and delayed start of agricultural usage. The agricultural land develop-
ment was accelerated by political and financial aid, generous support of land acqui-
sition, and political and economic reforms, all of which also motivated peasants and
made them more proactive. Here—beyond the Urals—agriculture evolved charac-
terized by high productivity, large-scale fields, and a higher number of livestock and
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Fig. 8.11 Increase of arable land in Siberia between 1860 and 2000 in (%). Source based on
Bazhenova and Martanova (2003), Shahgedanova (2003)

machinery. This development was steered by tremendous political upheavals influ-
encing not just type, intensity, and productivity of agriculture but also settlement
structures, and general land usage.

Especially in south-western Siberia, the influx of population, number of settle-
ments, and agricultural area increased drastically during the second half of the nine-
teenth and the first decades of the twentieth century. With the rapidly changing
political situation after the Bolshevik Revolution, the framework for population,
settlement, and agricultural structures was changed. Many smaller settlements dis-
appeared but the size of the remaining settlements grew after the 1920s. During
and after the Virgin Lands Campaign, the number of settlements decreased further
while the population was concentrated in larger settlements in agricultural epicentres
(sovkhozes and kolkhozes; with long-lasting socioeconomic impacts).

The development of the population, settlements, and agricultural land use demon-
strates the relationships between the three and the effects they have on one another.

Themagnitude of human interference with the ecosystem during the Virgin Lands
Campaign is illustrated by comparing the land expansion in western Siberia with the
global average expansion of agricultural land: Agricultural area increased globally
by a factor of 2.5 between 1860 and 1970 but by factor 9 in western Siberia at the
same time. Only 35% of the steppe were cultivated in 1863 (Jackson 1956; Ioffe
et al. 2004; Stepi Evrasii 2005). In 1990, 90% of the steppe in western Siberia were
considered as cultivated according to Milanova et al. (1999) and only 2% natural
steppe were left (Fig. 8.11).

The data shown in Fig. 8.11 imply that a large-scale land development including
founding of settlements and building of streets had occurred in the south-western



116 M. Frühauf et al.

Siberian steppe within only 150 years. The area used for agricultural production
quintupled between the beginning of the twentieth century and the 1960s.

The Virgin Lands Campaign alone was undoubtedly the major event of the land
expansion. The gigantic extent of this land conversion within the short time of only
ten years makes the Virgin Lands Campaign a unique ecosystem conversion. It out-
rivalled even the Prairie conversion in North America between 1909 and 1929 when
an area of 130,000km2 was transformed into agricultural land (Mitchell 2004).Today,
the Virgin Lands Campaign is considered the most radical ecosystem conversion of
the twentieth century in the Northern hemisphere (Frühauf and Meinel 2014).
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Chapter 9
Earth Observation and Map-Based
Land-Use Change Analysis in the
Kulunda Steppe Since the 1950s

S. Hese, N. Kurepina, I. Walde, Yu. M. Tsimbalei and T. G. Plutalova

Abstract The overall aim of this work is to provide land-use and land-cover change
information as part of the KULUNDA project to develop sustainable land manage-
ment policies and practices to stabilize agricultural yields and minimize ongoing
degradation and desertification processes. The area under investigation comprises
around 80,000 km2 and belongs to what is thought of as Russia’s granary, an essen-
tial area in ensuring adequate food supply. Inadequate and outdated cultivation and
agricultural management practices have caused ecological and socio-economic prob-
lems including soil degradation, desertification and yield losses. The focus of this
work is the quantification and assessment of land-use and land-cover changes over
time. Multi-temporal and multi-sensor satellite data and historical topographic maps
were used to detect changes of specific land-use and land-cover classes. The present
work utilizes pixel-based data classification approaches as well as object-based con-
cepts and uses Landsat MSS, TM5, ETM and RapidEye data. For the 1950s, a GIS
map layer-based approach is used and calibrated with panchromatic airphotograph
data mosaics. Results of the land-use change mapping show an increase in cropland
until 1989 of nearly 1 mio ha and a decrease until 2013/2014 of 500,000 ha directly
connected to a decrease in grassland and steppe area until 1989 and an increase
in grassland until 2013/2014. This study for the first time quantifies the land-cover
change over 60 years in the Kulunda steppe region of Russia.
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9.1 Introduction

LULC change is a dynamic process that is intensified by human activities (Kühling
et al. 2016), which has contributed to approximately 35% of anthropogenic carbon
dioxide (CO2) emissions worldwide (Houghton et al. 2012). The increase in human
population and the need for agricultural areas drive the LULC change, which results
in social and economic benefits and has inadvertent consequences on the natural
environment. The United Nations (UN) has estimated the current global population
of over seven billion to rise to over nine billion by 2050. Expanding cropland, intensi-
fication of agricultural productivity, or increasing crop yields are needed to meet the
projected growth of food demand. Changes in land use entail changes inwater, energy
and fertilizer consumption, and result in groundwater reduction, degradation, deserti-
fication, and biodiversity losses (Foley et al. 2005). The detection of LULC changes
is therefore an essential requirement for the valuation of potential environmental
impacts and improving land management and planning strategies. The South of Rus-
sia is very relevant in terms of agricultural production, biodiversity preservation and
carbon sequestration. Its forests, peatlands and steppe soils are one of the important
carbon sinks worldwide. The release of the amount of stored carbon would be a rele-
vant source of radiative forcing. Recent and future developments in agricultural land
use in this area aggravated this situation (Fleischer et al. 2016). Most of the temper-
ate grassland of the Siberian Kulunda Steppe in the Altai Krai region of Russia was
converted into intensely cultivated farmland in the 1950 s following the directives of
the ‘Virgin Lands Campaign’ (in Russian ‘Zelina’; Meinel 2002; Stadelbauer 1987).
The area under investigation comprises around 80,000 km2 and belongs to what is
thought of as Russia’s granary, an essential area in ensuring an adequate food supply
for the increasing population. Inadequate and outdated cultivation and agricultural
management practices (e.g. using areas with less than 250 mm/year of precipitation
for farming) have caused ecological and socio-economic problems including degra-
dation, desertification and yield losses (Meyer et al. 2008). The considerable deficits
in current farming and the lowefficiency of agricultural landmanagement are, besides
climate change, a main driver for future agricultural expansion. An improved land
management could reduce soil degradation and other environmental burdens as well
as it could lower the need for the reclamation of new agricultural land in areas with
high potential for emissions (WWU Münster 2011).

9.2 Status Quo

Land cover is one of the key land surface variables that can be observed with space-
based approaches. The benefits of remote-sensing data sources are the high temporal
resolution, as well as constant coverage.Multi-spectral Earth-observing satellite data
coverage also goes back to the 1970s. Land-cover maps are a key source for detecting
and monitoring change processes such as expanding cultivation, deforestation and
urbanization, as well as disaster monitoring on a variety of spatial and temporal
scales. To detect LULC changes earlier than the 1970, the use of historical maps is
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essential. A broader use of available historic input data could help to verify or correct
assumptions which are used in historic reconstructions (Fuchs et al. 2015). However,
the amount of used historic data is limited due to the alignment of inconsistent data
sources, different acquisition techniques (aerial photographs, remote sensing, etc.) as
well as data formats (hand-drawn, analogue, digital, etc.). One important method for
LULC modelling is the Markov–CA model, which incorporates the theories of the
Markov chain and the cellular automata (CA). For example,Yang et al. (2014) utilized
a CA–Markov model to reconstruct spatial land-use patterns in the 1930s in Zhenlai
County, north-east China. The authors reconstructed the spatiotemporal distribution
of LULC in 1954 by using topographicmaps and physical environmental background
maps. The data for the validation of the model were digitized from topographic maps
dating back to the 1930s. To be able to make comparisons between the data sets over
time, the maps had to be thematically generalized, wherefore the land classes were
aggregated into new categories.

Besides the global and continental scales, certain historical reconstructions based
on old topographic maps and land-use records have been collected for different
local to regional case studies (e.g. Kuemmerle et al. 2006; Van Eetvelde and Antrop
2009; Orczewska 2009; Skaloš et al. 2011; Skokanová et al. 2012; Jawarneh and
Julian 2012; Godet and Thomas 2013; González-Puente et al. 2014; Marull et al.
2014). These data sets are good to describe patterns at a fine spatial and thematic
detail like human-induced processes (Fuchs et al. 2013). Zanoni et al. (2008), for
example, used historicalmaps to detect island dynamics in a braided river in Italy. The
historical maps allow an overview over the changes of the river system over a time
period of 200 years (1803–2005). The used maps were scanned with a resolution
of 400 or 600 dpi, in order to obtain average pixel dimensions of approximately
1.2 m for the airborne photographs and 3 m for the historical maps. Afterwards, the
images were geo-referenced and geocorrected using ‘image-to-map’ warping. An
example for the use of historic maps in urban areas is given by Tucci and Gaordano
(2011). The authors analysed positional accuracy, uncertainty and feature change
detection in historical maps from 1884 to 2005 in Milan (Italy). They proposed a
methodology for detecting possible effects of positional uncertainty and inaccuracy
on the results of urban changedetection analysis at high spatial resolution basedon the
use of historical maps. Results indicate that some spatial configurations of features
are more sensitive to the combined effects of positional accuracy and uncertainty
than others. A generalization to other historical maps is not proved yet. However,
González-Puente et al. (2014) investigated landscape changes in mountainous areas
in north-east Spain. They utilized a historical land-cover map from 1956, which
was digitized, generalized and classified within a GIS. Marull et al. (2014) used
cadastral land-use maps from 1853 to 1854, digital land-use maps drawn by GIS
geo-referencing and photointerpretation from 1956 and land-cover maps from 1993
to 2005 to analyse historical land-use changes in Catalonia (Spain). The results of
this study show landscape changes, which are the good examples for global changes
in that kind of environment, where a metropolitan fringe dominated by urban sprawl
remains is in direct contact with natural protected sites where reforestation prevails
after the abandonment of the traditional integrated land-use management. Besides
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studies about historical LULC changes in urban areas, forests and others, an analysis
of steppes (also known as prairies) and grasslands concerning LULC changes is
important, because they are significant natural resources which cover about 40% of
the land surface (He et al. 2005). However, steppes and grasslands are often facing
degradation anddesertification,mostly in arid and semi-arid regions causedbyhuman
activities and climate change. Because grassland and steppe degradation could have
a significant influence on the carbon cycle, as well as regional economy and climate,
the monitoring of these areas is very important.

9.3 Data Description

Five different data sets were available for the LULC derivation and change detection
(see Table 9.1). For the Pre-Zelina time step (i.e. before the Zelina action in the
1950s) 26 topographic maps for 1938–1947 were used with varying actualization
status (Fig. 9.1). Partial coverages of aerial images from 1939 were also used and
combined to form seven aerial image mosaics (Fig. 9.1). The satellite images were
Landsat 1/2 data for 1975/1976 with 60 m spatial resolution; these images represent
the status of the KULUNDA study site after the Zelina action. Intensification and
stabilization of the agricultural sector was mapped using the Landsat 4/5 data sets
from 1989. In 1991 the breakdown of the Soviet Union led to unstable agricultural
conditions and to a return to near-natural conditions in some steppe areas. The data
sets from 2000/2001 show this trend. Finally, the current status is represented by
a satellite image mosaic acquired by RapidEye in May 2014, and from Landsat 8
images from summer 2013 and 2014.

Table 9.1 Overview of the available data from 1948 to 2014, data types, sensors and spatial reso-
lution

Year Source Spatial resolution

1948 26 scanned topographic maps scale
1:200,000 (update status ranging from
1938 to 1947), 727 aerial images
mosaicked to form 7 major areas
(2017 km2) from 1939

Aerial images 2 m

1975/1976 Landsat 1/2 June–August 60 m

1989 Landsat 4/5 September 30 m

2000/2001 Landsat 7 May 30 m

2013/2014 RapidEye May 2014, Landsat 8
June–August 2013/2014

RapidEye resampled to 30 m, Landsat
8 30 m
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Fig. 9.1 Topographic maps 1:200,000 from 1948 and overview of the used aerial image mosaics
with their acquisition date in the Kulunda study area

9.4 Methods

For the historical topographic maps from 1948, a GIS-based modelling approach
was developed to estimate cropland extent using several indicators. One satellite
mosaic for each year was used to derive the LULC, except for the 2014 status (i.e.
a combination of 2013 and 2014 data sets was used). Two data sets with different
phenological conditions (Summer 2013 and Spring 2014) were involved.

Di Gregorio (2005) defined land cover as ‘the observed (bio-)physical cover on
the Earth’s surface’ and land use as ‘the arrangements, activities and inputs people
undertake in a certain land cover type to produce, change or maintain it’. For this
work, however, a mixture of land-cover and land-use classes is unavoidable due to
theirmixedoccurrence in the study site. For example,while settlements and croplands
are pure land-use classes, woody or herbaceous classes contain both land-cover and
land-use phenomena. The term land use/land cover (LULC) is therefore used in the
present paper. Six general LULC classes were selected for study site classification.
The classes are limited by the spatial resolution of the satellite images (between 30
and 60 m per pixel). Some of the classes vary in their appearance, such as water with
different sediments or cropland in different phenological states; in these cases, such
variations were combined into a single class. The characterization of the classes is
shown in Table 9.2.
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Table 9.2 LULC classes of
the KULUNDA study area
and their class descriptions

LULC classes Description

Cropland Ploughed fields with or without crops, fallow
land

Herbaceous Meadow, rangeland, steppe, deforested areas

Salt/sediments Bright areas (in the images) caused by
salinization or sediment deposit

Woody Forest, groves, shelterbelts

Settlements Cities, villages, some major streets

Water Lakes, rivers, flooding, ponds, pools,
swamps

9.4.1 Preprocessing

The topographic maps from 1948 were scanned and geo-referenced by the Institute
for Water and Environmental Problems (IWEP) in Barnaul, Russian Federation. A
total of 727 aerial images from 1937 were scanned by IWEP. The grey value images
were mosaicked using Autopano Pro software with automatic tie points’ detection
in overlapping areas of neighbouring images. The images were geo-referenced, with
control points found in the topographic maps (1:200,000) from 1948 and in the aerial
images. A relative radiometric balancing was performed without atmospheric cor-
rection or spectral calibration. The overall quality of the scanned aerial image data
was problematic for automatic matching and geo-referencing. Seven aerial image
mosaics were generated. The mosaics cover a total area of 2017 km2, 1/38 of the
KULUNDA study area. Visible agricultural areas on themosaics were digitizedman-
ually. Satellite data were atmospherically corrected using ATCOR2 and mosaicked.

9.4.2 Classification

The absence of a direct signature for agricultural areas in topographic maps from
1948 leads to the development of an indirect indicator-based land-use probability
map. The workflow of the multi-criteria approach can be summarized as in the
following listing:

1. Deriving potentially agricultural areas starts with eliminating areas of other
LULC classes. From the KULUNDA study site, the digitized polygons (i.e. set-
tlements, lakes, salinization, swamps, clear-cuts, burned areas, light taiga, dark
taiga and meadow/steppe) were removed first. As streets, rivers, and railways are
generalized in the topographic maps, these lines were give a 2.5-m buffer on both
sides and then removed from the KULUNDA study site, leaving blank areas in
the topographic map. In these regions, agricultural activity is assumed.
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2. The topographic maps from 1948 contain signatures of shelterbelts, which are
artificially planted strips of trees and bushes to reducewind erosion on agriculture
areas. These shelterbelts were digitized as lines and assumed to be the most
important indicator for the existence of agricultural areas.

3. Other signatures from the topographic maps that indicated agricultural activities
were field camps, barns, farms, farmhouses and wells. The most evenly dis-
tributed indicators in the study site were shelterbelts and field camps. Wells, for
example, are found mostly in the dry steppe (i.e. in the south-west). To extract
areas with a high potential for agricultural activity, the signatures (i.e. lines and
points) were buffered. With the help of the aerial image mosaics, the buffer sizes
of shelterbelts and field camps were validated. (Other indicators were not present
in the mosaics.)

4. Shelterbelts are buffered with five diameters: 1, 2, 3, 4, and 5 km. The validation
conducted using three aerial image mosaics (i.e. Semenowka, Kurgan, Allak)
for the three steppe types showed that the most accurate coverage of cropland is
achieved by applying a buffer of 3 km.

5. The same analysis was done with the field camps. Buffer diameters ranging from
1 to 11 km (in 1 km steps) were computed, with the best results for cropland
coverage achieved using an 8-kmbuffer diameter. For all other indicators—barns,
farms, farmhouses and wells—a general buffer diameter of 5 km was applied.

6. To derive the agricultural areas, all bufferswere intersected, and the overlapswere
counted and normalized for each indicator. All indicators were then added and
divided by the number of indicators used. Four different tests were performed:
Shelterbelts with ∅ 3 km buffer; field camps with ∅ 8 km buffer; barns, farms,
farmhouses, and wells with ∅ 5 km buffer; without weighting of indicators;
shelterbelts with ∅ 3 km buffer; field camps with ∅ 8 km buffer; barns, farms,
farmhouses, and wells with ∅ 5 km buffer, with double weighting of shelterbelts
and field camps.

7. ∅ 5 km buffer for all → six indicators, without weighting of indicators.
8. ∅ 3 km buffer of shelterbelts as a single indicator.

A validation using the seven aerial image mosaics identified Test 2 as the best
predictor of agricultural areas for dry and typical steppe regions, and Test 4 as most
suitable for forest steppe. In the final map, a combination of Test 2—for dry and
typical steppe areas—and Test 4—for forest steppe—was therefore applied. Areas
with no buffer occurrence were assigned as steppe.

The sameworkflowwas used to derive the LULC from the satellite imagemosaics
for the years 1975/1976, 1989, and 2000/2001. An object-based approach was devel-
oped and implementedwithin Trimble eCognition software. In this approach, amulti-
resolution segmentation fragments the image into image segments, which join similar
adjacent pixels using a homogeneity criterion. For eachLULCclass training, samples
were manually selected (i.e. supervised classification). Settlements were classified
using the settlement polygon layer of a topographic map published in the mid-1980s.
Using thresholds for band values, spectral ratios and indices, and form-based proper-
ties, the LULC classes were assigned to the image segments. To reduce misclassifi-
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cations, some segments were reclassified using neighbourhood criteria (e.g. relative
border to surrounding classes, enclosed by a certain class) or area limitations. After
each automatic classification, the LULC map was validated using a manual classi-
fication of stratified random sampling points. Since it is very important to achieve
very high classification accuracies for post-classification change detection, due to
error propagation, a manual reclassification was carried out. A final validation using
stratified random sampling confirmed overall accuracies of over 90% for each LULC
map.

A total of 213 features of the training samples were used to train a random forest
classifier, a machine learning algorithm and nonparametric method developed by
Breiman (2001), which generates an entity of bagged decision trees. The features
were evaluated based on importance, with the 70 most important features used to
train the random forest model. The model was applied to the segments to retrieve
the classification, and a manual visual pre-classification of 1000 stratified random
sampling points was used to validate the classification. Missing information from
either data set due to clouds or no-data values was filled in with the other data sets.
Manual reclassification using visual inspection was necessary to increase accuracy
and tofill gaps causedbyhaze and cirrostratus clouds.Afinal validationwith stratified
random sampling points reached an overall accuracy of 95%.

9.4.3 Post-Classification Change Analysis

The post-classification method compares two independent classifications. The accu-
racy of change detection maps therefore depends on the quality of the previously
classified satellite image mosaics

Six different change detection pairings were defined:

• 1947 (topographic maps)—1975/1976 (Landsat 1/2),
• 1975/1976 (Landsat 1/2)—1989 (Landsat 4/5),
• 1989 (Landsat 4/5)—2000/2001 (Landsat 7),
• 2000/2001 (Landsat 7)—2013/2014 (Landsat 8/RapidEye),
• 1947 (topographic maps)—2013/2014 (Landsat 8/RapidEye),
• 1975/1976 (Landsat 1/2)—2013/2014 (Landsat 8/RapidEye).

The relatively uncertain classification of cropland from the historical topographic
maps from 1947 leads to a combined approach with change analysis based also on
satellite mosaics from 1975/1976.

The two classification data sets contained different objects, making an intersection
of both data sets necessary. Since clouds and gaps in the data sets also had to be
excluded from the change detection, different maps were therefore generated for
each change analysis:

• A change–no-change map,
• A map concerning change between cropland and herbaceous areas, and
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• A map concerning change between forest and herbaceous areas.

The transformation matrices for each change analysis were also provided in both
hectare and per cent.

For the selection of five Rayons—Mamontovskij, Pavlovskij, Romanovskij, She-
labolixinskij andRebrixinskij—a comparison of satellite imagemosaics, LULCclas-
sification, change detection maps, and area summaries for each LULC class was also
performed (Fig. 9.2).

9.5 Results

9.5.1 Land-Cover/Land-Use Classification Maps

Figure 9.3 shows the LULC classification maps for the total KULUNDA study site.
Between 1948 and 1975/1976, wide areas were brought under cultivation, changing
the land-cover/land-use type from herbaceous land into cropland. This reflects the
previously discussed Zelina political action of the 1950s, which convinced many
farmers to settle in the Kulunda region and to plough wide areas of the former
steppe. Second, salinization (classified as yellow colour within the map products) is
more visible in 1948 than in any other years, as classified from satellite images. The
reason for this is that salinized areas were digitized in 1948 using the topographic
map signature. The transition zone between salt and steppe or salt and cropland is
undefined, meaning that in the satellite images salty soils may also appear as steppe,
meadow or cropland, resulting in an underestimation of salinized areas in the satellite
image classification. Focusing on Barnaul—the capital of the Altai Krai, which lies
along the river Ob in the east of the KULUNDA study site—ongoing urbanization
is visible over the years. Between 1989 and 2000/2001, wide areas of forest in the
south of the KULUNDA study site were deforested for unknown reasons and inMay
2000/2001 the Ob flooded huge areas, which are normally classified as herbaceous
(e.g. steppe/meadow).

9.5.2 Land-Cover/Land-Use Statistics

In Fig. 9.4, information regarding total areas (in hectare) for all six LULC classes of
the KULUNDA study site is provided. Important changes of the political situation
are indicated by vertical lines: After the Zelina action in the 1950s, herbaceous area
decreased and cropland increased; after the breakdown of the USSR in 1991, the
opposite trend can be observed. Water areas peaked in 2000 due to the flooding of
alluvial meadows of the Ob. Overall settlement area did not change much as the
increase in urbanization was compensated for by the decline in smaller settlement
structures, due to migration into larger cities.
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Fig. 9.2 Workflow of the LULC classification, starting with the used data and their preprocessing.
The used classes are water, woody, settlement, herbaceous, cropland and salt/sediments
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Fig. 9.3 LULC maps of the KULUNDA study area for 1948, 1975/1976, 1989, 2000/2001, and
2013/2014
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Fig. 9.4 LULC statistic of the KULUNDA study area in 1000 ha for 5 points in time from 1948
to 2014 together with two important political impacts Zelina action and breakdown of the USSR
indicated by vertical lines

Figure 9.4 shows the total area for all six LULC classes for each Rayon for each
year of the classification. It should be noted that the Rayons on the southern border
are not completely within the KULUNDA study site and are clipped at the river
Alej. This could have introduced errors into the comparison of the statistical values.
Several of the Rayons were also created within the years of analysis; other Rayon
borderswere shaped differently. These changes inRayon border shapewere not taken
into account. The present borders for the Rayons were used for all classifications.

In general, cropland appeared to peak in 1989 and to decline after the breakdown
of the USSR in 1991.

A steppe-type analysis for the classes of cropland and herbaceous areas was also
performed. Analysing the amount of cropland area per steppe type (Fig. 9.5) revealed
the steepest slope for the increase in agricultural areas for the dry steppe. For all three
steppe types, there is a visible gain in cropland areas until 1989, along with a loss in
cropland until the present day. The opposite is true for herbaceous areas, as shown in
Fig. 9.6. Herbaceous areas in the three steppe types decreased until 1989, with larger
decreases in dry and forest steppe than in typical steppe. The time frame from 1989
onwards shows the strongest increase in herbaceous areas for the dry steppe. From
2000/2001 to 2013/2014, a strong increase in herbaceous areas in the forest steppe
is shown; this is likely due to the flooding of the Ob and its floodplains in May 2000
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Fig. 9.5 Agricultural areas by steppe type in hectare from 1948 to 2014
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Fig. 9.6 Herbaceous areas by steppe type in hectare from 1948 to 2014

(as indicated in satellite data). Broad areas that were classified as water in 2000/2001
were classified as herbaceous areas in 2013/2014.

9.5.3 Land-Cover/Land-Use Change Statistics

In Fig. 9.7, the relative changes are given. The bars represent 100% of each LULC
class in the succeeding year, while the colours within each bar express the per-
centage of each LULC class for the preceding year. The settlements, for example,
gained a relatively large amount of area between 1948 and 1975/1976 (upper-left bar
chart), with mostly herbaceous and cropland areas being converted into settlements.
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Fig. 9.7 Relative changes of LULC classes in 1948 to 1975/1976, 1975/1976 to 1989, 1989 to
2000/2001 and 2000/2001 to 2013/2014. The bars represent 100% of each LULC class in the
succeeding year, while the colours within each bar express the percentage of each LULC class for
the preceding year

The salt class was very variable throughout the change analysis, and changes often
co-occurred with herbaceous areas and water. Cropland was relatively stable for
1975/1976–1989, 1989–2000/2001, and 2000/2001–2013/2014. The area of herba-
ceous land also varied throughout the years of the study period. Because of the high
potential for the misclassification of herbaceous land as cropland, the highest error
propagation potential is within those two classes.

9.6 Validation

Table 9.3 summarizes the overall accuracies of the classification results before and
after manual reclassification. It shows that it was necessary to perform a manual
reclassification due to the error combination within the change analysis concept. The
overall accuracy is clearly improved after a manual reclassification and achieved the
values of 94–95%, while the results without reclassification show an accuracy of
77–87%.

Accuracy information for the derivation of the historical agricultural map from
topographic maps is not possible due to missing reference data sets. Table 9.3 gives
error values from best spatial error correlation (overlap) and worst spatial full de-
correlated error combination. Following Stow et al.’s (1980) method, the overall
accuracies from the single classifications were also multiplied. Minimum and max-
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Table 9.3 Overall accuracies before and after manual reclassification

Classification data Before manual reclassification After manual reclassification

Overall accuracy (%) Overall accuracy (%)

1975/1976—Landsat 1/2 77 95

1989—Landsat 4/5 87 94

2000/2001—Landsat 7 79 95

2013/2014—Landsat
8/RapidEye

77 95

Table 9.4 LULC change map accuracies after Stow et al. (1980) in combination with minimum
and maximum error values

Change map Accuracy after Stow et al. (1980) (%) Min–Max error range (%)

1975/1976–1989 89 89–94

1989–2000/2001 89 89–94

2000/2001–2013/2014 90 90–95

1975/1976–2013/2014 90 90–95

imum error values are given in Table 9.4. The results show a good accuracy of
89–90%, improved with the newer change maps.

9.7 Water Surface Change and Settlement Change
(Performed by IWEP)

To study the dynamics of desertification in the Kulunda steppe, a retrospective anal-
ysis of topographic maps and space images for different years was made on two
regional test areas, i.e. Kulundinsky and Mikhailovsky municipal units (Fig. 9.8)
(Kurepina et al. 2016).

Topographic maps (scale 1:200,000; years of survey: 1933–1937, 1939–1947
and 1983–1986, ©Roskartografiya) and satellite images with a 30-m spatial resolu-
tion from Landsat archives (Google Earth, https://www.google.com/earth/) (http://
earthexplorer.usgs.gov/) were used.

Topographic maps as an information source comprise remote-sensing data, sta-
tistical indices and some data on natural and socio-economic objects, including their
change in time. The retrospective analysis involves thematerial for an 80-year period.
Natural (i.e. lakes, which represent the majority of hydrographic information, and
forests) and anthropogenic (forest shelterbelts, settlements) objects were chosen as
indicators of desertification.

Hydrographic objects are responsive to both the amount of precipitation and
anthropogenic impact that eventually affects the water level and the coastline of
the reservoirs.

https://www.google.com/earth/
http://earthexplorer.usgs.gov/
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Fig. 9.8 Layout ofmodelmunicipal units in physiographic steppe provinces of Altai Krai. Physico-
geographical zoning of the territory was performed by IWEP SBRAS (Vinokurov et al. 1988, 2016)

Settlements served as one of key anthropogenic indicators in our investigation.
Though it plays an indirect role in assessing the desertification dynamics of the
Kulunda steppe, nevertheless, the change in the number of settlements, their areal
characteristics and spatial arrangement clearly demonstrates the change in population
concentration, its economic activity, and ultimately the impact on the environment
that in turn leads to the increased desertification of the territory.

Topographic maps and space images converted into a digital format were used for
further analysis. The retrospective analysis of lake states was made via comparison
of water surface areas, whereas of forest shelterbelts by their extension that was
automatically generated by GIS approach. We used ArcGIS to process analytical
data, to integrate them into a single coordinate system followed by further simulation
as well as to display the results.

The characteristics of the selected test areas are specified below.
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(a) (b)

(c) (d)

Fig. 9.9 An example of sourcematerials for south-western part of KMR. Fragments of topographic
maps: a Years of survey 1937, b 1946, c 1980; d Landsat space image of 2013

Kulundinsky municipal unit (KMU) was founded in 1938; its area is 1980 km2,
population 22,223 people. Administrative centre is v. Kulunda (founded in 1918)
(http://www.altairegion22.ru/territory/regions/culrain). A total of 32 settlements
were registered in KMU. A graded relief with numerous residual depressions is
partially occupied by 25 brackish and salt lakes: Shekulduk, Zhira, Gor’kiye Kil’ty,
Ulkenkol’ and B.Shklo are the largest ones.

Mikhailovsky municipal unit (MMU) was founded in 1941; it borders with the
Republic of Kazakhstan; its area is 3114 km2, with a population of 19,844 people.
Administrative centre is v. Mikhailovskoye (founded in 1878) (http://mhlaltay.ru/
about/historical_note). As of 27 June 2016, MMU numbered 11 settlements. The
northern part of the unit is similar to that in KMU; it is distinguished by a graded
relief with numerous lake depressions.

Topographic maps (years of survey: 1933–1937, 1939–1947 and 1980–1986)
served as the source material for the analysis of KMU (Fig. 9.9), the current state of
which was defined with the use of synthesized images (from Landsat archival data
2003–2004, 2007, 2013, 2016).

http://www.altairegion22.ru/territory/regions/culrain
http://mhlaltay.ru/about/historical_note
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We used topographic maps of the years: 1941–1945 and 1983–1985
(©Roskartografiya) as the source data for MMU study within its present bound-
aries. The current state of MMU was identified based on the synthesized images
(from Landsat archival data 2003–2004, 2007, 2013, 2016).

When analysing the reduction in the lake area induced by desertification, we
realized that the coastline position and the surface area are quite dynamic and depend
on many factors. On the one hand, it is natural ageing and degradation (shallowing)
of a water body due to the inflow of minerals (erosion products from the catchment)
and biogenic (overgrowing) material. To some extent, such a phenomenon can be
considered as desertification naturally deteriorating the water-resource potential of
the territory.

It should be noted that some factors hinder the identification of coastline behaviour
regularities. In particular, these are changes in average annual precipitation (fromyear
to year) and intra-annual irregularity of precipitation in different parts of the study
area, especially noticeable for small shallow water bodies.

The comparison shows the reduction in the water area in most lakes (Table 9.5;
Fig. 9.10a, b) from 1933–1937 to 1984–1986 with its insignificant increase in
1939–1947 due to uneven precipitation distribution throughout the region during
this period.

The study of the last analysed period (2003–2016) was backed solely by space
images; therewas an increase in the area of seven reservoirs (compared to 1933–1937)
that correlates with a general increase in the precipitation amount in the area for the
studied period.

In MMU, there are two groups of named lakes, 27 of which are represented on
topographic maps (scale 1:200,000) (Fig. 9.10). The northern group of lakes (1/3) is
located close to the plain, while the rest (2/3) are situated in dune slacks and broad
flat lowlands of deltas of ancient flow gullies. Lakes Malinovoye, Gornostalevo,
Ushivka, Danai and Iodnoye have the largest water surface area.

The results of the analysis of water area change inMMU reservoirs are even more
revealing. The area change of 16 lakes is consistently regressive. In 2003–2016, the
water area in 10 lakes increases a bit, not reaching, however, the initial level; only two
water bodies with the area less than 1.0 km2 show a slight increase that is evidence of
continued desertification of the steppe territories. Natural woody vegetation in KMU
is scarce; there are only artificial plantations—forest shelterbelts.

Though shelterbelts planting in the Kulunda steppe started in the late 1920s
(Ishutin 2005), they are not represented on maps of the 1930s (see Fig. 9.10a).
In succeeding years, there occurred ups and downs in forest management depended
on socio-economic situations and desertification development. According to maps of
the 1940s, the total amount of forests is 212 with a total length of over 452.8 km (see
Fig. 9.9b); by the year 1960—247; in 1961–1980, it makes up 3691. In 1981–1990,
only 134 forests were planted which along with poor forest management brought
about the degradation of existing trees. Topographic maps of the 1980s (scale
1:200,000) demonstrate only 373 forest belts of 1162.3 km long (Fig. 9.9). In
1999–2000, a total of 405 forest belts were planted in KMU (Ishutin 2005).
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Fig. 9.10 Time history of desertification indicators by multi-temporal data: for KMU—boundaries
of lakes and settlements (a), forest belts (b); for MMU—boundaries of lakes, settlements and forest
belts (c)

The situationwith the forestmanagement inKMUandMMU is similar. The forest
degradation caused by lack of human maintenance and poor management, trampling
down of forests by livestock and unauthorized felling dramatically accelerate the
process of desertification.

In the southern part ofMMU, a relict pine forest grows on sands of deltas of ancient
flow gullies. The retrospective analysis was conducted based on the quantitative
characterization of the area occupied by forest. Within the present boundaries of
the region, this indicator amounted to 765.8 km2 in 1945; by 1983, it increased
up to 1006.5 km2 due to recovery of extensive burnt woods (see maps of 1945) to
the state of light or even full-pine forests. Meanwhile, it was impossible to reveal
desertification effects.

Considering next the results of the analysis of changes in residential structure:
The greatest number of settlements in KMU (52) is displayed on the maps of

the 1930s. Settlements appeared due to peasant and internal migration (1901–1917),
adoption of the settled way of life by Altaians and Kazakhs, and railway construction
(1913). Their number variedwith time: on themaps of 1940s there are 48 settlements,
in 1980s—31, in 2000—30 (Fig. 9.11a). The largest regional centres are Kulunda
(11.72 km2), Zlatopol (2.40 km2) and Kursk (2.26 km2). The area of the remaining
settlements makes up less than 2 km2.

In MMU, the largest number of settlements (21) is present on maps of the 1940s
(see Fig. 9.10). Currently, there are 11 settlements in the region (Fig. 9.11b). The
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Fig. 9.11 Current placement and change of the settlement area according to synthesized Landsat
images for the 2000 s

largest regional centres are Mikhailovskoye (12.6 km2), Rakity (5.7 km2), Lake
Malinovoye (4.3 km2), v. Poluyamki (3.4 km2) and v. Bastan (2.9 km2).

The analysis of topographic maps and images for different years of survey, fixing
the situation at a certain time, can be used for the assessment of the desertification
intensity.

The conducted research allows us to draw the following conclusions:

– the studied indicators (water, forests, residential areas) derived from multi-
temporal cartographic maps and space images can be used for the assessment
of desertification dynamics;

– as direct indicators, natural water objects that are area reduced because of deser-
tification, are the most informative ones;

– the analysis of reservoirs with an area of more than 2.0 km2 gives the best results.
The area of small (<2.0 km2) water bodies strongly depends on numerous factors;
the analysis of their dynamics can be used as an auxiliary material, emphasizing,
for example, the precipitation field heterogeneity as an indicator of the areal non-
uniformity of desertification process.

The dynamics of artificial afforestation makes it possible to evaluate two dif-
ferent, but interrelated processes, i.e. natural degradation of forest (desertification)
and efforts of the society to combat desertification and to create more favourable
ecological conditions for its existence.

The history of structure and size of settlements is closely related to the changes
in both of living conditions due to the desertification (e.g. falling groundwater levels
and wells drying caused by water body shrinkage) and socio-economic conditions
and priorities, including planned merges of farms and settlements.
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Chapter 10
Influence of Agricultural Reclamation
on Vegetation Cover and Biodiversity
in the Forests and Steppes of Kulunda

M. M. Silantyeva, N. V. Elesova, I. Hensen, T. A. Terekhina,
A. Yu Grebennikova and N. V. Ovcharova

Abstract Throughout Eurasia, steppes are preserved in forms of small fragmented
areas within the landscapes of tilled fields, fallow lands, pastures, and infrastruc-
tural complexes. In Kulunda, steppes are preserved owing to the areas of alkaline
steppe with saline soil complexes as well as secondary steppes formed in unculti-
vated lands. Intensive agriculture in the steppe and forest-steppe areas of Kulunda
exerts the most significant impact such as total plowing of fertile lands, overgrazing
by excessively numerous livestock, and inadequate agricultural technologies for cer-
tain agroclimatic and landscape-ecological conditions. This led to a whole range of
consequences: destruction, fragmentation, and ecotonization of steppe communities,
direct extermination of key plant species, forest and birch kolki clearance, biota uni-
fication and introduction of alien species, reduction of species and cenotic diversity
in steppes as well as destruction of their structure and loss of self-regeneration and
self-regulation ability. The start of human influence dates back to the Neolithic age
(the cattle-raising stage of the territory development). However, the most devastat-
ing impact began in the twentieth century with the arable farming stage. Almost all
tillable lands were plowed at the time of Stolypin’s agrarian reform in the begin-
ning of the twentieth century and during the years of Khrushchev’s land reclamation
campaign 1954–1955. Nowadays, agroecosystems have been formed in the places of
former natural steppe ecosystems. The influence of agricultural reclamation on the
vegetation cover and biodiversity distribution in the steppe and forest-steppe areas
of Kulunda is to a large extent studied and documented.
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10.1 Introduction

Worldwide, forests and steppes are transformed or destroyed to a large extent by
humans. Nowadays in Russia, steppes are preserved in forms of small fragmented
areas within the landscapes of tilled fields, fallow lands, and pastures. In southern
Siberia, particularly in the Kulunda region, steppes are additionally preserved within
areas of saline soils. Another part of steppes is transformed by high-grazing intensity
to such an extent that they cannot be restored without active management measures.

For thousands of years, extensive cattle-breeding was predominant in the Kulunda
region. During that time, landscape and microclimate were different as soils were
covered by dead remains of steppe plants and did not dry out so strongly. Thus,
the air was cooler and moister than today, naturally mitigating the consequences of
anticyclonic climate effects such as soil aridization (Gnatovskiy 2010).

Agriculture is the most significant factor for the transformation of steppes that
strongly influences both vegetation cover and biodiversity. The consequences of, i.e.,
total plowing of fertile lands, overgrazing by excessively numerous livestock and/or
inadequacy of agricultural technologies for certain agroclimatic and landscape-
ecological conditions can be various (Fig. 10.1).
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Fig. 10.1 Influence of agricultural reclamation on vegetation cover and biodiversity in the Kulunda
region. Source Silantyeva, M
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10.2 Changes of the Vegetation Cover in Kulunda Due
to Agricultural Development

Pasture farming is characterized by local pasture degradation and by uncontrollable
autumn burnings for the purpose of preparing spring pastures. However, before the
colonization of the Kulunda region by Russian farmers, these impacts were of a
local character. Before the sixteenth century, the land was inhabited by rare groups
of nomad stock raising Teleut tribes who only bred cattle. Uncontrolled peasant
migration started not earlier than in the first 30 years of the eighteenth century, fol-
lowing dowsers and designated peasants to the Kulunda territory. This gave rise to
the process of a wildland reclamation. From the middle of the eighteenth century
onwards, agriculture became permanent and the cultivated territories expanded con-
sistently. From the 60s and 70s of the nineteenth century, the region witnessed an
increase in the entry of migrants that cut down much of the forest for construction
purposes.

Practically, all tillable land was already plowed in the first decade of the Stolypin
agrarian reform in the twentieth century. Along with the disappearance of virgin
Kulunda steppes, forests were disappearing as well. The first scientific consideration
of Kulunda vegetation cover, performed in 1910 (the expedition of the Migratory
Administration) showed that extensive areas were already tilled, and even small areas
of wildland were very difficult to find (Krylov 1913a, b, 1915; Kuznetsov 1914). The
disappearance of forests composed by large birches (mixedwith aspen) and low ridge
birch forests in the northern part of the Kulunda steppe were particularly highlighted
by the authors. In the central part of Kulunda, the woody vegetation was represented
by small fragments (hereafter forest outliers) of bushy birches developing as coppice
shoots and by outliers consisting of small bushes of birch and aspen scattered at some
distance from each other (Baranov 1927). Secondary steppes developed at the sites
of the disappearing forest outliers.

The second turning point in the transformation of the vegetation cover in Kulunda
took place in the 50s of the previous century and was connected to the reclamation
of wildlands and fallow lands by thousands of Russian immigrants. Most of the
remaining steppes were converted to farming land. A total of 2.3 million ha of the
true steppes on the southern black soils and the dry steppes on the dark chestnut
and chestnut soils were plowed (Frühauf et al. 2004). In 1960, the area of croplands
accounted for 7.5 million ha, while at present it accounts for 6.5 million ha (61.3%)
out of 10.6 million ha of agricultural lands. This is the largest tillage area among all
the regions of the Russian Federation.

In the 60s of the previous century, the geobotanist E.I. Lapshina stated the fact that
the elimination of birch forest outliers in Kulunda created the conditions preventing
reforestation and promoting the further steppification of the whole deforested ter-
ritory (Lapshina 1963). Meadow steppes appeared at the sites of the former birch
forest outliers, while secondary steppes with halophytes appeared on the unplowed
salinized areas. The recent existence of these forest outliers could be traced only
by lignified leftovers within forb meadow vegetation, scattered among tilled fields
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and areas of fescue-feather grass steppes. Under the arid conditions of the southern
forest-steppes, forest outliers were indicated by saucer-like hollows ranging from 10
to 100–200 m in diameter and of different depths situated on the elevated relief ele-
ments where the drainage was better and without salinification (“kolki vegetation”;
Lapshina 1963).

In 2012, we tried to find remains of natural vegetation, described during the
field work of the Migratory Administration by P.N. Krylov in cooperation with L.A.
Utkin and Reverdatto. Krylov (1915) distinguished 11 areas of steppe vegetation in
the Kulunda region (within the modern boundaries of Altai Krai). We have chosen
typical wildland spots and—for lack of the latter—fallow lands. With high certainty,
we found three remaining areas of those described 100 years ago byKrylov (1916) but
did not rediscover the complete species composition. The correspondence between
the descriptions of 1913 and 2012 (Silantyeva et al. 2012a, b) varied from 30 to 83%.
Species we did not rediscover were:Aster alpinus L.,Allium nutans L.,A. clathratum
Ledeb., A. globosum M. Bieb. ex Redoute, Adonis villosa Ledeb. and others. At
the same time, several steppe grasses were still preserved, such as Stipa pennata
L., S. capillata L., Festuca valesiaca Gaudin, F. pseudovina Hack. ex Wiesb., Poa
angustifolia L., and Helictotrichon desertorum (Less.) Nevski. Thus, grasses now
dominate in the remaining steppe fragments which confirm their high competitive
strength (Silantyeva et al. 2011, 2012a, b).

Another part of the agricultural reclamation in Kulunda was the degradation of
the vegetation cover as a result of stock-breeding development. Long-term pasture
operation led to the fact that most of the rangelands in central Kulunda transited to
the third–fourth stages of the pasture degradation scale in the 80s–90s of the twen-
tieth century (see Silantyeva et al. 2012a, b for more details of this classification).
This resulted in a strong reduction of pasture yield, as cover of the herbaceous layer
decreased from 70% to 40%, and of the amount of litter. Consequently, soil temper-
atures increased, which led to xerophytization and halophytization of the vegetation
cover as a result of the alteration in the topsoil hydrological regime, to the decrease
of plants non-resistant to grazing, and to the expansion of resistant, unpalatable weed
species. Number of plant species decreased strongly, while coverage of dwarf sem-
ishrubs (Artemisa frigida Willd., A. nitrosa Weber ex Stechm., Atriplex canescens
(Pursh) Nutt.) increased sharply from the second to the forth pasture degradation
stages. Repeated studies between 2009 and 2011–2012 showed that under dry steppe
conditions, processes of pasture rehabilitation were very slow, even taking into con-
sideration the fact that livestock stocking rates were reduced in the beginning of the
twenty-first century (Elesova 1990; Silantyeva et al. 2012a, b).

Observations of recovery processes at several monitoring sites and ecological
profiles (Fig. 10.2), situated on the banks of Lake Kulundinskoye (the villages of
Znamenskoye and Uspenka, former villages of Demyan Bedniy and Priozernoye,
Tabunskiy District), reflect the fact that nowadays the anthropogenic influence is
reduced (Elesova 2009; Silantyeva and Elesova 2013). Grazing and haying take
place close to the villages, the number of cattle stocks reduced tenfold in comparison
with the 80s of the twentieth century, cows and horses breeding prevails, and the
number of sheep is low. Impelled recovery influenced the species composition of the
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Fig. 10.2 Location of the monitoring sites on the banks of Lake Kulundinskoye. Source Kurepina,
N. Yu

steppe and meadow communities in a positive way. The number of plants species
increased by 1.2–1.5 times owing to the appearance of feather grasses, legumes, and
forbs. Coverage of the dominant grass species (Stipa pennata, S. capillata, Festuca
valesiaca, F. pseudovina, Puccinellia tenuissima Litv. ex V.I. Krecz.) improved and
so did their average height and bunch diameter. The vertical profile of the fescue
steppes lengthened by 15–30 cm (from 25 to 40–60 cm) due to the increase of steppe
grass species (mainly fescue and wheat grass), and legumes and forbs reappeared.
The main part of the aboveground phytomass concentrated in the 0–30 cm layer
(previously 0–15 cm). The general projective cover extended by about 10% in the
fescue steppes and by 20–30% in the alkaligrass salt meadows. Thus, the reduction
in pasture load positively influenced community productivity. The overall stock of
the phytomass increased twice in the fescue pastures and by half in the alkaligrass
salt ones (Elesova 2009; Silantyeva and Elesova 2013). However, in the case of Stipa
pennata, isolation was shown to negatively affect genetic diversity, highlighting that
fragmentation can have potentially strong impacts on genetic structure even in natural
grasslands (Heinicke et al. 2016).

In summary, the facts mentioned above regarding the changes in the vegetation
cover of Kulunda are indicative of the destruction, fragmentation, and ecotonization
of plant communities, the reduction of species numbers and cenotic diversity in the
steppes, the destruction of their biocenotic structure, and the loss of phytocenoses’
self-regulation and self-regeneration ability. Moreover, the elimination of the previ-
ously existing forest types (ravine forests and forest outliers) had a significant impact
on the development of the steppe vegetation, which led to desiccation and to further
aridization of the steppes.
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10.3 Current Species Diversity of Agrophytocenoses

More than 200 years of agricultural development gave rise to ecosystems of a new
type—agroecosystems—in the place of the former natural ecosystems. Agrophyto-
cenoses appeared, accompanied by a new type of vegetation—agrophyton. However,
the prevalence of the chemical-technogenic approach in agriculture in the second half
of the twentieth century led to a great reduction in their biodiversity.

The agrophytocenoses in Kulunda as well as all over the world are mostly mono-
cultural. A small number of high-yielding species and breeds are used; mainly cereal
crops occupy vast uniform agricultural areas. Beside wheat and corn, people grow
sunflower and forage grasses; in the forest-steppe regions of Kulunda, additionally,
buckwheat, rye, sugar beet, flax, rapeseed, and soya bean are cultivated. Herbicides
are widely used to fight weeds, and fertilizers are used to increase crop yield. The
existing traditional technologies of the farming steadily led to soil erosion and dehu-
mification, loss of soil fertility and soil ecosystems biodiversity (Frühauf et al. 2004).

One of the peculiarities of the agrophytocenoses biodiversity inKulunda is the low
species diversity of segetal plants in comparison with European agrophytocenoses,
which is due to particular climatic characteristics (Terekhina 2000). In the crops of
Kulunda, segetal species comprise not more than 2–3 weed species. Approximately,
150 species are noted in all types of agrophytocenoses, with about 30 species being
abundant, i.e., Chenopodium album L., Ch. polyspermum L., Salsola collina Pallas,
Amaranthus retroflexus L., A. albus L, A. blitoides S.Wats, Fallopia convolvulus (L.)
A. Love, andCorispermum declinatum Stephan ex Iljin. A distinctive feature of these
annual and biennial species is their ability to form long-term persistent seedbanks.
In Kulunda, the number of viable seeds in the 0–20 cm layer was found to range
from 2000 to 220,000 m−2 (Terekhina 2000). During arid years, many species are
able to produce seeds already at the stage of the first 2–3 leaves. One individual of
a segetal plant might produce up to 15,000 seeds. In addition, the spherical form
of the seeds of some weed plants, and their production in the postharvest period,
contribute to long-distance seeddispersal, if thewind speed is high enough (Terekhina
2000). In addition, there are perennial weeds, with, e.g., Convolvulus arvensis L.,
Euphorbia virgata Waldst. et Kit., Sonchus arvensis L., Mulgedium tataricum L.,
and Vincetoxicum sibiricum (L.) Decne. being the most widespread. All of them
successfully reproduce both by seeds and root suckers, and demonstrate a significant
resistance to different groups of pesticides (Terekhina 2000).

10.4 Invasive Species

Immigration of invasive plant species to the Kulunda region was favored by the
frequent disturbances characteristic for agrophytocenoses and degraded rangelands.
As invasive species are known to transform natural communities, they are considered
to be the second significant threat to biodiversity (after habitat destruction). One
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(a) (b)

Fig. 10.3 a Oleaster (Elaeagnus angustifolia L.); b The communities formed by the oleaster in the
lakeside hollow. Source Silantyeva, M. M

example of an invasive tree species is the oleaster (Elaeagnus angustifolia L.). Its
planting started from 1926 onwards due to specialized agroforestal nursery areas
created in Rubtsovsk and Slavgorod, and from 1931 onwards in Kluchi, Rodino,
Volchikha, and Blagoveshenka (Paramonov et al. 1997). Being an undemanding and
quickly growing species, Elaeagnus angustifolia spread rapidly within the steppes
of the region. In 10–20 years, it was established even under driest soil conditions and
in the salinized areas (Fig. 10.3a, b). Oleaster was the only species surviving within
windbreaks where the formerly dominant species such as birch and poplar—and in
some places, even the associated species such as green ash, sugar maple, or elm
tree—died due to desiccation and salinization.

In the territory ofAltaiKrai,Elaeagnus angustifolia is a “transformer” species that
intrudes actively into natural and seminatural communities, changes the ecosystems
character, acts as an ecosystem engineer, and becomes highly dominant. References
to the “natural oleaster communities” were infrequent just 20 years ago. Nowadays,
such communities are validated as a new vegetation type in Kulunda (Silantyeva
2006, 2008).

Among the transformer species, we can also add sumpweed (Cyclachaena xan-
thiifolia (Nutt.) Fresen). It was first registered on the territory of Altai Krai in 1993
in Mikhaylovskiy district (Terekhina 1995a, b) as a ruderal plant. Most probably, it
got there with different freights from the direction of Kazakhstan. Within 10 years,
the sumpweed spread quickly over the territory of the region. At present, it grows
in all anthropogenically transformed phytocenoses of Kulunda (Krasnoborov 2000;
Silantyeva et al. 2013a, b).
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10.5 Role of Windbreaks in the Vegetation Cover
of Kulunda

As steppes and forests in Kulunda were destroyed within a short period of time, peo-
ple started to create windbreaks, in order to mitigate climatic conditions.Windbreaks
were established from 1926 onwards, as a result of the severe drought of 1925, when
peoplewere exposed to heavydust storms for thefirst time. In 1942, the total tree plan-
tation area in theKulunda steppe accounted for 32,000 ha, but as thewindbreakswere
not maintained, they often died due to the lack of attention. The range of the species
used at that time was very wide. It included Populus balsamifera L., Populus lauri-
folia Ledeb., Betula pendula Roth, Ulmus parvifolia Jacq., Ulmus minor Mill., Acer
saccharumMarshall, Fraxinus americana L., Larix sibirica Ledeb., Pinus sylvestris
L., Malus baccata (L.) Borkh., Caragana arborescens Lam., Ribes aureum Pursh,
Sambucus racemosa L., Elaeagnus angustifolia L., Hippophae rhamnoides L., and
Lonicera tatarica L. (Dyachenko and Zemlyanitskiy 1947). Some of these species
have naturalized later and constitute an adventitious component of the Kulunda flora.
The problem aggravated after the big land reclamation in the 50s of the twentieth
century when dust storms started to blow millions of tons of the soil fertile layer into
the air. Therefore, from 1928 to 2002, 200,000 ha of windbreaks were established. In
recent years, however, a significant part of the windbreaks has been lost as many of
the composing tree species have reached their maximum age and died due to natural
reasons. Another reason for their disappearance is anthropogenic factors (burnings,
grazing, wood-felling; own observations).

The windbreaks in Kulunda did not only play a significant ecological and land-
scape role but also became a habitat for a great number of steppe plants. From these
“stepping stones,” species spread to the fallows and other degraded communities.
Within the windbreaks, such conspicuous and colorful species as the steppe peony
(Paeonia hybrida L.) were protected (Fig. 10.4). The presence of these windbreaks
may contribute to explaining why genetic effects of recent fragmentation were found
to be still limited for three long-living steppe species of the Kulunda area (Adonis
villosa Ledeb., Jurinea multiflora (L.) B. Fedtsch. andPaeonia hybrida; Rosche et al.
2018).
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Fig. 10.4 Steppe peony
(Paeonia hybrida L.) in front
of a windbreak
(Mikhaylovskiy district).
Source Silantyeva, M. M

10.6 Peculiarities of the Species and Cenotic Diversity
in Kulunda

Nowadays, the natural vegetation cover of Kulunda is represented by pine forests
stretching from the north-east to the south-west; salt steppes; birch forests (mostly
outliers); complexes of aquatic and semi-aquatic vegetation, shrub and meadow veg-
etation used as pastures leading to degradation; and small areas of meadow and
true steppes used for haying or grazing. Agrocenoses as a special type of vegetation
occupies about 60–90% of the area in Kulunda depending on the district.

Unfortunately, we cannot estimate diversity of the Kulunda flora in the preagri-
cultural period as there are no historical records. At present, the remaining steppes
of Kulunda host about 700 plant species, out of which 88 species (about 13%) are
adventitious (alien) in this territory. About 50 plant species of the Altai region flora
are endemics. Rigid endemics (neoendemics) of the district are Lotus krylovii Schis-
chk. ex Serg., andPuccinella kulundensis Serg.Most important genera areArtemisia,
Carex,Potentilla,Astragalus,Atriplex,Allium, Juncus,Ranunculus, Salix, and others
(Silantyeva et al. 2013a, b, c). However, the influence of the agricultural reclamation
in connection with the formation of agroecosystems and inadequacy of the agricul-
tural technologies for certain agroclimatic and landscape conditions led to a sharp
deterioration and unification of the phytodiversity, intrusion of alien species, and loss
of several steppe species.

In the twenty-first century, we have a significantly transformed vegetation cover
on the territory of Kulunda. At the same time, the small-area elements of the natural
ecosystems are preserved. The transition to green land-use management and agricul-
tural production and the introduction of an adaptive landscape specific agriculture
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are the key to the resolution of the existing conflict between the further depletion
of the natural ecosystems and the decrease in the agricultural efficiency. In the first
place, one needs to differentiate between the land-use modes in the steppe area and
to expand the natural ecosystems.
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Chapter 11
Physical Soil Properties and Erosion

G. Schmidt, P. Illiger, A. E. Kudryavtsev, N. Bischoff, A. A. Bondarovich,
N. A. Koshanov and N. V. Rudev

Abstract Chernozems and Kastanozems are widespread and used for agricultural
production in the Altai Krai. The physical properties of these soils are favourable
for agriculture because the parent material is mainly composed of silt and fine sand.
Humus accumulation is another important factor for the development of stable soil
aggregates in the course of soil development. Resulting soils are characterized by a
favourable water balance and a good air capacity and are resistant against erosion.
Due to the conversion of natural steppe into agricultural land, the natural physical
soil properties are damaged with lasting effects. Other soil properties (soil organic
matter) are degraded too, and the soil productivity is affected. Mechanical stress can
be reduced by using methods of adapted soil management, which in turn improves
beside physical also chemical soil properties and, therefore, the soil fertility.
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11.1 Introduction

The development of a soil results in its distinct physical properties which determine
soil fertility, influence degradation processes, and determine a soil’s suitability for
agricultural production. As described in Chap. 4, Chernozems and dark and light
Kastanozems are the dominant soil types within the research area (Fig. 11.1). Locally
different morphological and hydrological characteristics resulted in a multitude of
soil-type modifications (Basilevich and Shavrigin 1959; Kovda and Rozanov 1988).
The agricultural soil usage is concentrated on areas dominated by Chernozems and
Kastanozems (Meinel 2002; Frühauf andMeinel 2014). Furthermore, Podzoluvisols
are widespread and developed especially in the forest areas, which are typical for the
region. Solonetz developed locally in areas with special morphological (depressions)
and groundwater preconditions (Rosanov andKarmanov 1959; FAO 2007). Areas
with these soils are usually not used for tillage but occasionally for grazing.

The area-wide parent material consists of aeolian sediments with high contents
of silt (45–70%) and fine sand (10–40%). These sediments are highly susceptible to
erosion. Due to grassland vegetation and regional climate, large amounts of organic
matter are mixed with the sediment and humified in the course of the pedogenesis.
The mineralization of organic matter is very slow because of the dry and cold climate
which leads to an accumulation of humuswhich in turn promotes the formation of sta-
ble soil aggregates (Illiger et al. 2014). The resulting Chernozems and Kastanozems

Fig. 11.1 Soil distribution
in the research area. Source
FAO (2007)
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Fig. 11.2 Aggregate
stability of quasi-natural
Chernozems and
Kastanozems

Fig. 11.3 Bulk density of
Chernozems and
Kastanozems in the Altai
Krai

are very resistant to erosion by wind and water. Differences in the erosion resistance
between Kastanozems and Chernozems are due to different humus contents, which
is the determining factor of the formation of stable soil aggregates (Sect 1.3). The
stability of soil aggregates from the forest steppe to the dry steppe decreases, and
therefore, the susceptibility to erosion increases at the same time (Basilevich and
Shavrigin 1959; Basilevich 1959; Shavrigin 1959; Bischoff et al. 2016; Illiger et al.
2014) (Fig. 11.2).

Despite the same parent material of soil genesis, the Chernozems show a lower
bulk density than theKastanozems (Fig. 11.3). This is caused by the higher content of
soil organic matter of the Chernozems (Chap. 13). Bulk density is mainly affected by
tillage operations, where minimum and no-till operations lead to higher bulk density
at the surface than under conventional tillage (Hill and Cruse 1985; Grant and Lafond
1993; Unger and Jones 1998).

Erosion processes are very slow under natural conditions in Siberia’s steppe and
only locally very dynamic. The vegetation consisting of grassland and wild herbs
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Fig. 11.4 a Wind erosion in dry steppe. Picture source Meinel (2002). b Gully formed by water
erosion (ovrag) in forest steppe. Picture source Illiger et al. 2014)

offers a natural protection against erosion. Erosion type and intensity depend also on
the climate which shows an north-eastern to south-western gradient in the Altai Krai.
The precipitation decreases from 500–600mm in the north-east to only 250–300mm
in the south-west (Schmidt et al. 2016). The temperature amplitude follows an oppo-
site trend. The annual temperature variation increases from the north-east to the
south-west. Due to the regional climatic differences, water erosion dominates in the
forest steppe and wind erosion in the dry steppe (Fig. 11.4a, b).

11.2 Effects of Agricultural Land Management on Physical
Soil Properties

The steppe conversion into arable land was the beginning of grave changes gradually,
resulting in a significant soil transformation due to a steady intensification of soil
usage (Meinel 2002; Frühauf and Meinel 2014). The physical soil properties are
especially affected. The beginning of tillage causes mechanical stress changing the
soil structure and subsequently other important physical soil properties like bulk
density and aggregate stability, which results in negative transformations of further
soil properties. The endof this chain reaction is the extreme soil degradationprocesses
of wind and water erosion.

The soil degradation processes (among them erosion is the most extreme) acceler-
ated with the beginning of the cultivation of the steppe soils in the eighteenth century
(Chap. 7) caused by the conversion of the natural steppe soils and regular mechanical
stress due to tillage. First, the protective vegetation cover and the stable soil aggre-
gates are destroyed (Fig. 11.4). The removal of biomass during crop yield causes a
reduced accumulation of organic matter in the soils. The recurring destruction of the
soil aggregates results in a higher susceptibility of the soils to erosion. Furthermore,
they are unprotected against the exogenous forces without a protective vegetation
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Fig. 11.5 Aggregate
stability of quasi-natural
Chernozems and
Chernozems used for tillage

cover over a prolonged time during a year. Mechanical stress of the soils causes also
a changed density and loss of humus. The breakdown of humus leads to a further
decreased aggregate stability because humus is an important factor for the formation
of stable soil aggregates (Chap. 14). The soil’s water retention potential decreases
(Chap. 13) and its susceptibility to erosion increases further (Fig. 11.5).

Soil density changes in two ways when conventional, turning tillage is
applied (Dammann et al. 2011; Grunwald et al. 2016). The density decreases in the
upper part of the ploughed horizon due to a loosening of the soil material. Beneath
the plough horizon, the density increases which is caused by the load of the agri-
cultural machinery and tractors. The mechanism can be described quite well based
on the results of long-term tests regarding the effects of different tillage intensities
on physical soil properties (Kahlon et al. 2013). Figure 11.6a, b displays the vertical
change of penetration resistance of no-till and tillage soil. The penetration resistance
indicates density differences within a soil profile, which allows conclusions regard-
ing the effects of soil usage on physical soil properties. The results of locations with
no-till soils (so-called Salesch) and locations used for tillage were analysed and com-
pared. Salesch are soils which were converted during the Virgin Lands Campaign
but were not used for agriculture later. Because of natural succession, these locations
are again grasslands.

The data displayed in Fig. 11.6a, b are typical for Chernozems of the dry and
typical steppe regions of the Altai Krai. The so-called Salesch, only one time during
the Virgin Lands Campaign tilled soil, shows a high stability in the first 10 cm. The
soil used with conventional tillage has a low penetration resistance to a depth of
approximately 25 cm. The regular tillage disturbs the soil structure in this depth and
inhibits the formation of stable soil aggregates. Below follows a compaction zone
where the soil density sharply increases. The compaction zone is a limiting zone
which is difficult to penetrate for plant roots and soil organisms.
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Fig. 11.6 a and b: Penetration resistance of Chernozems under no-till (left) and under conventional
tillage operation (right)

Fig. 11.7 Bulk density of
Kastanozems under different
land uses in the Altai Krai

The soil changes caused by cultivation are also reflected in the bulk density.
Here, the same effects are visible. Due to the lack of mechanical stress, permanent
vegetation cover, and higher amounts of organic matter, the Kastanozems under
grassland show slightly higher bulk densities (Fig. 11.7) and therefor the soils are
more resistant to erosion.

The destruction of stable aggregates and decrease in bulk density result in an
increased surface exposed to exogenous forces with a multitude of consequences
for physical, chemical, and biological processes within a soil. The oxygen supply
increases, the humus breakdown accelerates, and surfaces are enlarged and suscep-
tible to chemical weathering (Carter 1990; Lal 1993; Kandeler et al. 1999; Dexter
2004; McVay et al. 2005). From a soil-physical point of view, the destruction of
aggregates and resulting enlargement of surface caused by mechanical stress are the
most significant changes. The resulting weak adhesion of the soil components causes
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a further susceptibility to erosion. Thus, soil components are easily removed from
the soil structure and dislocated by erosion.

11.3 Extent of Erosion Disposition and Effects of Soil
Erosion

Depending on climatic conditions, water and wind act regionally different as erosion
triggering forces. The Altai Krai is divided into different agro-ecological zones. The
designation of such zones has a long tradition in Russian agrarian research, and
its target is the establishment of a base for an optimized regional differentiation
of agrarian production (Bulgakov et al. 2016). Here, the climatic conditions for
agrarian production are described for the respective region. The system is based
on the respective requirements of agricultural crops. Table 11.1 displays erosion
disposition data of agricultural land of different agro-ecological zones in the Altai
Krai.

The data in Table 11.1 illustrate the dependence of erosion disposition on cli-
matic conditions and soil inventory. Kastanozems are more susceptible to erosion
than Chernozems because of a lower organic matter amount and, therefore, a lower
aggregate stability. Shelterbelts are in use to protect Kastanozems from erosion, but
they are ineffective in the dry steppe because of larger fields with areas between 50
and 200 ha (Meinel 2002; Meyer et al. 2008; Theisel 2013). The tree height of the
shelterbelts is too low in relation to the large distances between the windbreaks to
be effective. Therefore, large field areas are exposed to wind despite shelterbelts.
According to Theisel’s research (2013), maximal 22% of the area at risk is protected
by shelterbelts from wind erosion. In comparison, less area is at risk of water ero-
sion which affects more the forest steppe zone with its higher precipitation (Belyaev
2015; Theisel 2013). Here, 15–35% of the agricultural land is susceptible to erosion.

Table 11.1 Agricultural land affected by erosion in different agro-ecological zones of the Altai
Krai

Zone Steppe type Land affected by erosion [%]

Erosion by wind Erosion by water

Mean min max Mean min max

Kulunda—West Dry 97.1 92.1 99.2 0.7 0 2.6

Kulunda—East Dry 87.5 81.2 93.2 3.6 0 10.9

Alejsk Forest 22.2 0 69.8 35.5 0 95.8

Priobsk Typical 61.3 4.3 89.2 15.4 0.4 39.0

Central Forest 11.7 0 58.6 35.3 19.8 53.0

Source Belyaev (2015)
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Fig. 11.8 a Grain size distribution of Salesh and conventionally cultivated Chernozems. b Grain
size distribution of Salesh and conventionally cultivated Kastanozems

But only 2–4% of the areas at risk have ovrags (Theisel 2013). Water erosion occurs
in the dry steppe only in spring during a rapid snowmelt over still frozen ground.

The erosion processes result in different landforms in a landscape. While the
outcome of water erosion is obvious in the form of gullies and gulches, the effect
of wind erosion is less visible. The shelterbelts and their lee side are accumulation
areas for wind-blown soil material. Furthermore, the blow-off results in a grain size
separation in the top soils of the affected locations (Fig. 11.8a, b).

Figure 11.8a, b displays clearly the result of the soil destabilization caused by the
permanent mechanical stress. The upper 15 cm of arable soils has a higher amount
of sand than the top of the grassland soils. This difference does not exist in the depth
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of 30 cm. This sand accumulation in the upper top soil is caused by the blow-out
or wash-out of predominant mineral silt and organic matter. This process affects
Kastanozems more than Chernozems. The sand accumulation has negative effects
on water retention capacity and nutrient availability for plants which is a problem
regarding (Mikheeva 2010) soil protection, agricultural production, and aspects of
climate change mitigation.

11.4 Options of Sustainable Land Management Practices
to Reduce Erosion Disposition

However, erosion and its negative effects can be countered by using adapted soil
managementmethods. In particular, the reduction in tillage intensity and frequency is
expected to minimize the mechanical stress on the soils. The examples of penetration
resistance and grain size distribution show that applying adapted soil management
methods like minimal tillage or direct seeding significantly improves physical soil
properties.

Different intensive methods were tested within the scope of extensive and multi-
year field experiments to analyse and compare effects of soil cultivation on physical
soil properties. After only three years of no-till, the top soils stabilized slowly and
the penetration resistance values were comparable to these of Saleshi (Fig. 11.9 ).

Results show also positive effects on aggregate stability, bulk density, and grain
size distribution, but the changes were less distinct than the penetration resistance
changes which might be explained by the short time the experiments were running.
Because of the short observation time of 4 years, the current data do not allow any

Fig. 11.9 Penetration resistance of Chernozems under grassland (left) and under no-till (right)
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conclusions regarding an improvement of physical soil properties by the adapted soil
management methods in the region.

11.5 Conclusions

The soils in the Altai Krai steppe were disturbed by the steppe conversion and,
especially, by the intensive mechanical stress. Soil structure destruction resulted
in negative changes of physical soil properties. The negative outcomes are lower
aggregate stabilities and increasing sand content in top soils. That effects on other
soil properties like decreasing water capacity, air capacity and saturated water con-
ductivity. This results in negative effects of soil fertility. From the physical point of
view, the gravest consequence of mechanical stress is the destruction of stable soil
aggregates and resulting increased soil erosion disposition. Findings of the project’s
long-term field tests show that the soil structure can be stabilized by reducing the
intensity of cultivation, which in turn positively affects other soil properties like
erosion resistance and water capacity.
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Chapter 12
Soil Moisture and Evapotranspiration

A. A. Bondarovich, V. Scherbinin, E. V. Ponkina, A. Matsyur, A. Puzanov,
E. Stephan, D. Balykin, H. Rupp and R. Meissner

Abstract The assessment of land management practices according to their impact
on soil water and solute balance is of great importance for crop yield potentials
and sustainable development of the territory of Altai Krai (Russia). This contribu-
tion presents the results obtained from automatic weather stations, soil-hydrological
measuring stations and a weighable gravitation lysimeter station established in the
framework of the German—Russian KULUNDA project (2012–2016). It was shown
that No-Till technology gradually formed soil conditions close to the natural back-
ground (steppe). For the first time, data regarding the amount of actual evapotranspi-
ration (Eta) for the environmental conditions of the Kulunda dry steppe have been
produced based on sophisticated lysimeter measurements.

Keywords Evaporation · Gravitation lysimeter · Hydrological station ·
Precipitation · Soil moisture · Temperature · Weather station

12.1 Introduction

The complexity of economic activity in the Kulunda plain is mainly caused by the
specific climatic and soil conditions (Mosienko 1972; Frühauf 2014; Belyaev 2015;
Belyaev et al. 2016). In the continental climate of theKulunda steppe occur long, cold
and little-snowy winters and short, but hot and dry summers (more details are given
in Chaps. 2, 3). The annual precipitation is about 250–450 mm; the precipitation
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from April to October is about 200 mm. In the last few years, the rainfall decreased
to 170 mm (Sljadnev 1965; Harlamova et al. 2014; Schmidt et al. 2016).

The soils in the study area developed fromMesozoic toCenozoic sediment accord-
ing to the respective climate conditions. The lowland is covered by a 50–60 m thick
layer which was formed during the period from the Pleistocene to the Holocene and
covered by a 0.5–10m layer of aeolian sediments. The soil cover of the dry steppes of
Kulunda consists of chestnut soils, meadow-chestnut soils, meadow soils, solonetz
and solonchaks with different degrees of hydro-morphism (compare Chaps. 4 and
11).

The chestnut soils significantly vary in texture as a result of the ancient limnic and
aeolian genesis of the territory. Sandy loams (15–19% clay, 11–20% silt, 65–70%
sand) are predominant; their contents of humus (2–4%) and carbon (5–8%) are com-
paratively high (Bazilevich 1959; Rudaya et al. 2012). This granulometric texture
led to low hydrophilic conditions with a reduced water-holding capacity and high
infiltration rates.

The precipitation in the region is a limiting factor. Therefore, the assessment
and management of water and solute balance of soils are of great importance for
crop yield potentials and sustainable development. Also in former Soviet Union
research activities were started to minimize the water deficit in the region. Already
since 1970 the Kulunda plain was included in the national Russian economic plan of
reclamation to increase the area of irrigated land (Mosienko 1972). But the economic
conditions have changed andpresent landmanagement activities in the region showed
that irrigation does not play an essential role in agriculture. Alternative methods to
improve the soil water efficiency have been developed and tested (Dmitrieva &
Naprasnikov 2008). The main agricultural methods to retain soil moisture were to
apply minimum tillage or no-till technologies including stubble conservation and
chopped crop residues (Belyaev et al. 2016).

An essential topic of the interdisciplinaryKULUNDAproject was to evaluate land
management practices according to their impact on the soil water and solute balance
in the Kulunda steppe of Altai Krai (BMBF 2011–2016). For this reason, a pedo-
hydrological measuring network was installed. The objectives of this contribution
are:

i. to study the regional climate features using weather stations (WS);
ii. to compare the soil moisture regime between the deep autumn tillage technol-

ogy (DATT) and the modern soil tillage (No-Till) technology based on in situ
measurements with soil-hydrological measuring stations (SHMS);

iii. to investigate the actual evapotranspiration (Eta) under arable land and natural
steppe conditions based on lysimeter measurements (Lys).

The outcome will focus on measurements by monitoring stations which were
installed in the dry steppe region of Kulunda in the vicinity of the farm ‘Partner’,
village Poluyamki, Mikhailovsky district of the Altai Krai (station ‘Poluyamki’).
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12.2 Materials and Methods

In September 2012, one WS and two SHMS (manufacturer ‘Eco-Tech’, Germany)
were installed. WS was equipped with a pyranometer (at a height of 2 m) to measure
the solar radiation as well as with the multisensor ‘Vaisala’ (at a height of 2 m), mea-
suring wind speed and direction, air temperature and humidity, barometric pressure
and rainfall. Additionally, the liquid and solid precipitation was measured by a plu-
viometer, which is mounted in ‘Hellmann’ rain gauges on the standard height of 1 m
(Table 12.1). SHMS are equipped with sensors which measured soil water content,
soil temperature, soil matrix potential and electric conductivity fitted at depths of 30,
60 and 120 cm in automatic mode (cf. Table 12.1).

During June–August 2013, a containerizedweighable lysimeter station (Polyethy-
lene PE-HD; manufacturer ‘UGT Muencheberg’, Germany and Helmholtz Centre
for Environmental Research—UFZ,Germany)was installed at the test farm ‘Partner’
of the KULUNDA project in Poluyamki (Fig. 12.1).

The soil monoliths (surface area of 1 m2, 2 m depth) extracted from both an arable
land site (lysimeter 1) and a fallow site which was ploughed once in the 1950s, but

Fig. 12.1 Scheme of aweighable gravitation lysimeter installed at site Poluyamki, Siberia (Balykin
et al. 2016)
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Fig. 12.2 Excavated soil monolith in stainless steel vessel: the natural steppe vegetation (Stípa
pennáta). Picture Source Bondarovich, A. (June 2013)

since then covered with natural steppe vegetation (lysimeter 2; Fig. 12.2) (Balykin
et al. 2016).

The monoliths are identified as Calcic Chernozems according to the FAO Soil
Guidelines. ‘The first monolith (Lys 1) consists of a 25 cm thick humic horizon
including a plough layer at its top. It is followed by a crossing AC-horizon until a
depth of 50 cm below ground level. Beneath there is a subsoil C-horizon from parent
material including calcareous deposits. The grain size distribution in the upper part of
the profile (0–50 cm) indicates sandy loamy silt, beneath silt loam and below 70 cm
loamy sand occurs. The site has been under intensive agricultural use for 60 years.

The second monolith (Lys 2) consists of a 30 cm thick humus Ah-horizon, fol-
lowed by a 15 cm thick crossing AC-horizon and by the subsoil from parent material
which is interjected by calcareous deposits. The upper 30 cm consists of sandy loamy
silt, below silty loam, occurs, which is underlain by loamy sand beneath 70 cm’
(Balykin et al. 2016, p. 392). Both lysimeter vessels are equipped at different depths
(0.30, 0.50 and 1.20 m) with time-domain reflectometry (TDR) stick probes to mea-
sure the soil moisture content, with combined tensiometer and temperature probes
to measure the matrix potential as well as the temperature changes in the soil, and
with suction cups to extract soil solution (cf. Table 12.1). This type of lysimeter is
specifically adapted to the cold winter conditions in Siberia by adding a ring in order
to cut the snow on the lysimeter surface from the adjacent snow in the surrounding
(Fig. 12.3). It should be mentioned that the two SHMS were installed on same site
where lysimeter monolith 1 (Lys 1) was extracted.

The lysimeter station installed in the Kulunda steppe consists of two vessels,
which allows comparative analyses between arable lands (converted from grassland)
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Fig. 12.3 Mechanical cutter to remove snow from the edge of the lysimeter vessel. Picture source
Bondarovich, A. (January 2016)

and unconverted (nearly pristine) grassland. The vessels are weighable to ensure
a continuously monitoring of mass changes at the study site for any time periods.
Thus, it is possible to calculate water fluxes between pedosphere and atmosphere, in
particular precipitation (measured also with WS) and Eta. ‘Based on the measured
parameters, ETa (in mm) can be derived using the following equation:

Eta(t) = P(t)−S(t)−�W (t), (1)

where P(t)—precipitation (mm); S(t)—amount of seepage water, (mm); �W (t)—
change in the quantity of stored water (mm) as determined from the mass change of
the lysimeter over time (1 kg≈1L/m2 =1mm); t—timeofmeasurement parameters’
(Balykin et al. 2016, p. 391).

12.3 Results

12.3.1 Temperature and Precipitation

The measurement of temperature and precipitation by WS ‘Poluyamki’ results in a
significant correlation with themeteorological data from the Russian weather service
(Roshydromet) in the Altai territory (Stephan et al. 2014; Meissner et al. 2016;
Schmidt et al. 2016). A permanent exceedance of average daily air temperature
of +5 °C was fixed at the beginning/end of the vegetation season (Friedrich et al.
2009; Kasam et al. 2009; Crabtree 2010). The longest growing season was recorded
in 2014 and consisted of 202 days (29 March–10 October). In 2015, the duration
of the growing season was 184 days (April 11–October 12), in 2016—187 days
(first of April–October 04). Data analysis of vegetation season for May–September
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Table 12.2 Monthly averaged temperatures, humidity, wind speed, solar radiation and the amount
of precipitation during the vegetation season in 2015 and 2016, WS ‘Poluyamki’

Period Average air
temperature
( °C)

Average air
humidity (%)

Average
solar
radiation
(W/m2)

Average
wind speed
(m/s)

Total rainfall
(mm)

2015

May 15.7 50.5 279.6 3.1 22.4

June 20.9 54.5 299.3 3.2 59.0

July 21.4 55.1 246.1 2.8 89.8

August 19.2 51.9 216.1 2.5 55.4

September 11.6 56.9 133.4 2.6 18.0

Average
(Sum)

17.8 53.8 234.9 2.8 (244.5)

2016

May 13.1 46.2 260.8 2.9 45.7

June 20.3 53.5 271.2 2.5 62.8

July 21.6 68.3 227.0 2.1 141.7

August 18.1 62.1 234.6 2.4 30.2

September 15.6 42.9 157.7 2.3 7.5

Average
(Sum)

17.7 54.6 230.3 2.4 (287.9)

2013–2016 showed that the warmest period was in 2015, and the most humid periods
were 2014 and 2016 (Belyaev et al. 2016; Schmidt et al. 2016). These values for
2015–2016 are presented in Table 12.2. The total amount of precipitation by rain
gauge ‘Vaisala’ was used in calculations.

12.3.2 Soil Moisture

As already mentioned SHMS were firstly established in September 2012 on arable
land and because of trial changes (field test design and survey of various crop cul-
tivation technologies in the crop rotation) reinstalled in May 2013. The following
technologies were tested:

(a) ‘DATT’ technology with deep loosener (PG-3-5—‘ploskorez glubokorykhli-
tel”) on 22–24 cm depth (SHMS 1). Crop rotation: wheat (2013)—fallow
(2014)—wheat (2015)—wheat (2016);

(b) ‘No-Till’ technology, without autumn tillage (SHMS 2). Crop rotation: wheat
(2013)—rape (2014)—wheat (2015)—peas (2016).
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Additional measurements of soil moisture content were performed by Lys 1 and
Lys 2 at depths 30–50–120 cm for different crop rotations Lys 1: wheat (2013)—peas
(2014)—wheat (2015)—fallow (2016). Lys 2: natural feather grass (Stípa pennáta)
dominated dry steppe (2013–2016).

From our point of view, the measuring results gathered by SHMS 1, 2 and Lys 1,
2 for the period May–September 2015–2016 are of outstanding interest. This period
is characterized by the most complete data set for all monitoring devices and by the
end of the ‘transition phase’ for No-Till system.

The year 2015 is especially interesting when the spring wheat was seeded in all
variants of arable land (SHMS 1 and Lys 1; Fig. 12.4). The measuring results of
soil moisture in a depth of 30 cm for SHMS 1 and Lys 1 were different in 2015.
In June–July–August of 2015, the soil moisture by Lys 1 was at 22.4–23.4–21.3
vol%, respectively. At the same period, soil moisture by SHMS 1 was measured at
11.7–10.2–11.3 vol%. The difference between soil moisture content by Lys 1 and
SHMS 1 was approximately 50%. Most probably, the wall of the lysimeter vessel
could prevent a run-off and thus lead to an increased infiltration. Furthermore, we
assumed that the conditions under SHMS 2 should approximate to Lys 2. This was
confirmed bymeasurements: soilmoisture content at 30 cmbyLys 2 (19.3–18.3–18.2
vol%) was also higher than on SHMS 2 (18.0–14.8–12.6 vol%). The reason for
the soil moisture differences between Lys 1 and 2 at 30 cm depth is the higher
water consumption of the natural steppe vegetation. But at the following depths, the
relations are vice versa—Lys 2 has more available water than Lys 1 and this means
that additional water is stored under the natural steppe conditions which make this
land use type more resistant to droughts (Fig. 12.4).

The results of soil moisture content measurements by Lys 1 in 2016 are quite
interesting because a ‘mechanical fallow’ was tested here (Fig. 12.5). In general,
we registered a smooth decrease of soil moisture content at all depths. This finding
confirms the feasibility of fallow for water conservation. However, the economic
efficiency of this management strategy is not solved until now and needs further
investigations.

An analysis of the soil moisture regime of SHMS 1 and 2 for 2013–2016 showed
that advantages of No-Till arose only in the third year, so since 2015 (cf. Table 12.3).
The results from SHMS 2 demonstrated the advantages of No-Till at a depth of 30
and 60 cm in June–July 2015, when the site was seeded with spring wheat. Also in
2016, we observed the same effects, when it was seeded with peas, which had higher
soil moisture consumption than spring wheat. In general, the measurements under
the No-Till system demonstrate the similar dynamics of soil moisture in different
depths for the vegetation season 2015–2016.

12.3.3 Evapotranspiration

The first results on testing the methodology for calculating the water balance in the
Kulunda steppe using weighable gravitational lysimeter were published by Stephan
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(a) depth 30 cm (b) depths 50-60 cm

(c) depth 120 cm

Fig. 12.4 Soil moisture (vol%) at the depths of 30–50 and 60–120 cm and precipitation (mm)
measured at SHMS 1, 2 and Lys 1, 2 during the investigation period 07 May–30 September 2015

et al. (2014), Balykin et al. (2016) and Meissner et al. (2016). Due to technical
reasons, there was the problem of continuity of measurements and there are some
gaps in the data. In winter months, the system that allows separating the mass of
snow layer on the lysimeter monoliths from the adjacent snow works irregularly, so
the measured mass of the monoliths during snow cover was not always correct.

The most complete data series were registered for vegetation seasons in 2015 and
2016. Thus, there was a problem with the displacement of Lys 1 vessel, which was
solved on 24 June 2015. In this context, data from May to June 2015 obtained on
the Lys 1 were not valid. In general, the monthly available data set for the measuring
period 2015–2016 is presented in Table 12.4 (and specified in the footnotes a–e).

There are differences regarding the amount of Eta between Lys 1 and 2. The
tightly closeness steppe vegetation at Lys 2 increases the moisture loss due to higher
interception and transpiration. A significant difference (28%) between Eta of Lys 1
and 2 was obtained in July and August 2015 and during the whole vegetation period
in 2016.

It is interesting to compare presently calculated Eta values, based on sophis-
ticated lysimeter measurements, with previous data for the period 1965–1970.
The data from Kulundinskaia (1972) are based on simple evaporimeter measure-
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(c) depth 120 cm  

(b) depth 50-60 cm(a) depth 30 cm

Fig. 12.5 Soil moisture (vol%) at the depths 30–50 and 60–120 cm and amount of precipitation
(mm) measured at SHMS 1, 2 and Lys 1, 2 during the investigation period 01 May–25 September
2016

ments which were used to calculate maximum possible evaporation during this
time period. The total value of evaporation during the vegetation season near the
Mikhailovskiy Soda Plant (approximately 25 km away from the present lysimeter
station ‘Poluyamki’)was 372.6mm (in detailMay–June–July–August–September—
71.3–75.0–77.5–74.4–74.4mm; further details are explained inMeissner et al. 2016).
We know that this comparison is scientifically incorrect, but we will demonstrate the
development of the measuring technique and show that the problem of exact esti-
mation of evapotranspiration is still relevant. These findings confirm the trend that
especially for natural steppe conditions an increasing evaporation (compare Lys 2)
is visible. This result agrees with other investigations (Harlamova et al. 2014). They
found a significant positive linear trend in annual temperature and a significant neg-
ative trend in annual precipitation in the steppe zone of the Altai Krai in 1966–2011.
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Table 12.3 Monthly average soil moisture in depths 30, 60, 120 cm during the vegetation season
in 2015 and 2016, SHMS 1 and 2 ‘Poluyamki’

Period Soil moisture in the
depth 30 cm (vol%)

Soil moisture in the
depth 60 cm (vol%)

Soil moisture in the
depth 120 cm (vol%)

DATT No-Till DATT No-Till DATT No-Till

2015

May – 16.1 – 22.7 – 23.1

Junea 11.8 18.0 15.4 21.6 15.4 19.0

Julyb 10.2 15.0 13.8 15.5 13.8 12.9

August 11.3 12.6 13.0 14.5 13.0 12.5

September 14.9 12.4 12.5 14.1 12.5 12.7

Average 12.0 14.8 13.7 17.7 13.7 16.0

2016

Mayc 21.4 17.5 21.6 22.6 20.7 23.2

June – 17.9 – 22.6 – 20.8

Julyd 12.7 17.5 14.5 17.4 16.2 14.3

August 11.6 16.4 13.6 15.0 16.5 12.4

Septembere 11.2 15.5 13.3 14.8 16.9 11.8

Average 15.6 17.0 16.8 18.5 18.2 16.5

aData for 25–30 June 2015
bNo data from 11–15 July 2015
cData by DAAT only for 05 May 2016
dData by DAAT for 23–31 July 2016
eData for 01–25 September 2016

12.4 Discussion

The most important controversial issues in modern meteorology are a) the represen-
tativeness of the data and b) sources of possible measurement errors (Hoffmann et al.
2016). The general problem of representativeness is particularly acute when mea-
suring precipitation. There are plenty of errors typical for total rain gauges, which
sometimes only encompass 30% of the actual rainfall amount reaching the earth’s
surface. Furthermore, we found differences in soil moisture measurements between
Lys 1 and Lys 2 as well as between SHMS 1 and SHMS 2. These differences were
caused by: (a) a weak link between monoliths and the surrounding landscape and (b)
differences in the technical characteristics of the used sensor types.

We also consider the second group of errors caused by the technical features of the
sensors. SHMS 1 and 2 are equipped with the sensor type ‘Hydra-Sonde’ that was
capable to measure the soil moisture (precision ±3% of the measured value), soil
temperature (accuracy ±0.1 °C), electrical conductivity (accuracy ±5 mS/m). Lys 1
and Lys 2 are equipped with ‘UMP1’ sensors. They have the following measuring
accuracies: soil moisture content (±2%), soil temperature (±0.2 °C) and electrical
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conductivity (±1%). A special feature of UMP1 sensor is the possibility to inte-
grate the measuring principles of TDR and FDR (frequency domain reflectometry)
technique. This property allows the use for different soil conditions. In general, we
suppose that technical differences between the sensors are rather small and can be
neglected.

In general,we demonstrated the functionality of the established pedo-hydrological
measuring network and discussed possible measuring errors. In principle, there was
sufficient agreement between the different measuring systems. During the vegetation
period, the lysimeter reflects the natural field conditions with good accuracy. Prob-
lems arose during winter time because snow and ice impede the measuring regime of
the weighable lysimeter. Furthermore, the differences in soil moisture between the
lysimeter and the SHMS at different depths should be investigated more intensively
in future.

12.5 Conclusions

There are certain advantages of No-Till management compared to technology with
deep autumn tillage due to more available soil moisture at depths of 30–60–120 cm.
Moreover, the rise ofmoisture from thedeeper soil horizons probablyoccurs at topsoil
aridization.We suggest that No-Till technology gradually forms soil conditions close
to the natural background (steppe) with respect to possible errors caused by technical
measurements.

At the first time, reliable data regarding the amount of Eta for the environmental
conditions of the Kulunda dry steppe have been produced based on sophisticated
lysimeter measurements.

Further studies are necessary to extend the monitoring network on comparable
sites in the neighbourhood and to get sufficient reliable datasets to model water and
solute balance for the dry steppe regions in Siberia, Kazakhstan,Mongolia andChina.

Acknowledgements The paper is based on the results of the research work carried out in the scope
of the German–Russian cooperation project KULUNDA. The project is financed by the German
Federal Ministry of Education and Research (BMBF; FKZ 01LL0905D). We would like to thank
all colleagues from the German and Russian partner institutions for their cooperation and support
during the investigations. Especially, we thank the farmer family Koshanov in Poluyamki for the
support during the installation of the lysimeter station.

References

Balykin D, Puzanov A, Stephan E,Meissner R (2016) Using the innovative Lysimeter technology in
the German-Russian research project «KULUNDA». In: Mueller L, Sheudshen AK, Eulenstein
F (eds) Novel methods for monitoring and managing land and water resources Siberia. Springer
International Publishing, Cham, pp 387–399



180 A. A. Bondarovich et al.

Bazilevich NI (1959) Pochvy kaschtanovoi sonoi stepi—Poochvy Altaiskogo kpaja. Soils of the
Kastanozem Zone in the dry steppe. In: Soils of the Altai Krai. Academy of Sciences of the
USSR, Moscow, pp 31–46 (in Russian)

Belyaev VI (2015) Ratsional’nye parametry tekhnologii «no–till» i priamogo poseva pri vozde-
lyvanii sel’skokhoziaistvennykh kul’tur v Altaiskom krae [Rational Technology Parameters of
«no–till» and direct seeding in the cultivation of agricultural crops in the Altai region]. Vestnik
Altaiskoi nauki 1(23):7–12 (in Russian)

Belyaev V, Grunwald L, Meinel T, Schmidt G, Bondarovich AA, Scherbinin VV, Ponkina EV,
Matsyura AV, Stephan E, Illiger P, Kozhanov NA, Rudev NV (2016) Vodnyi rezhim pochvy
i urozhaynost’ sel’skokhoziaistvennykh kul’tur pri razlichnykh tekhnologiiakh vozdelyvaniia v
Kulundinskoi stepi Altaiskogo kraia [Soil water regime and crop yields in relation to various tech-
nologies of cultivation in the Kulunda Steppe (Altai Krai)]. Visnyk of Dnipropetrovsk University.
Biol Ecol 24(2):531–539 (in Russian)

CrabtreeB (2010) Search for sustainability in dryland agriculture. CrabtreeAgricultural Consulting,
Beckenham, WA

Dmitrieva VT, Naprasnikov AT (2008) Vektor meliorativnogo prirodopol’zovaniia: Ot drevnego
do sovremennogo mira [The vector of reclamative nature management: From the ancient to the
modern world]. Vestnik MGPU. Seriia Estestvennye nauki 2(24) (in Russian)

Friedrich T, Kasam AH, Shaxon FT (2009) Conservation agriculture. Final Report Agriculture for
Developing Countries, Science and Technology Options Assessment (STOA) Project. Karlsruhe:
European Technology Assessment Group

Frühauf M (2014) Opyt i posledstviia severoamerikanskogo sindroma “dust bowl—pyl’nykh bur’”
dlia proekta “Kulunda” [Experience and Consequences of the North American Dust Bowl Syn-
drome for the Kulunda Project]. Vestnik Altaiskoi nauki 4:226–233 (in Russian)

Harlamova NF, Bondarovich AA, Kozlova DS, Plehova AV (2014) Izmenchivost’ uvlazhnennosti
territorii lesostepnoi i stepnoi zon Altaiskogo kraia v techenie 1982–2013 [Variability of humidi-
fication of the territory of the forest-steppe and steppe zones of the Altai Krai during 1982–2013].
Geografiia i prirodopol’zovanie Sibiri: sbornik nauchnykh statei, pp 206–215. (in Russian)

Hoffmann M, Schwartengräber R, Wessolek G, Peters A (2016) Comparison of simple rain gauge
measurements with precision lysimeter data. Atmos Res 174–175:120–123

Kassam AH, Friedrich T, Shaxson F, Pretty J (2009) The spread of conservation agriculture: justi-
fication, sustainability and uptake. Int J Agri Sustain 7(4):1–29

Meissner R, Bondarovich AA, Scherbinin VV, Ponkina EV, Matsyura AV, Puzanov AV, Rupp H,
Schmidt G, Stephan E, Illiger P, Frühauf M, Harlamova NF, Galahov VP, Balykin DV, Rudev NV
(2016) Metodika rascheta vodnogo balansa dlya sukhoy stepi yuga Zapadnoy Sibiri po dannym
mezhdunarodnoy monitoringovoy seti [Calculation of water balance for the south desert area
of western Siberia by international monitoring network data]. Biol Bull Bogdan Chmelnitskiy
Melitopol State Pedagogical Univ 6(2):223–238 (in Russian)

Mosienko NA (1972) Agrogidrologicheskie osnovy orosheniia v stepnoi zone (na primere Zapad-
noi Sibiri i Severnogo Kazakhstana) [Agrohydrological basics of irrigation in the steppe zone
(using the example of Western Siberia and Northern Kazakhstan)]. Idrometeoizdat, Leningrad
(in Russian)

Polubarinov-Kochin PJ (1972) Kulundinskaia step’ i voprosy ee melioratsii [Kulunda steppe and
its melioration issues]. Nauka, Moscow (in Russian)

Rudaya N, Nazarova L, Nourgaliev D, Palagushkina O, Papin D, Frolova L (2012) Mid–late
Holocene environmental history of Kulunda, southern West Siberia: vegetation, climate and
humans. Quatern Sci Rev 48:32–42

Schmidt G, BondarovichAA, Scherbinin VV, Ponkina EV,HarlamovaNF,Matsyura AV, Stephan E,
Illiger P, RudevNV, KozhanovNA (2016) Rezul’taty funktsionirovaniia mezhdunarodnoi agrom-
eteorologicheskoi i pochvenno-gidrologicheskoi monitoringovoi seti v predelakh Kulundinskou
ravniny na iuge Zapadnoi Sibiri za 2013–2015 gg [Results of operation of the international agri-
cultural–meteorological and soil–hydrological monitoring network in the Kulunda plain (south
of Western Siberia, 2013–2015)]. Acta Biologica Sibirica 2:89–102 (in Russian)



12 Soil Moisture and Evapotranspiration 181

Sljadnev AP (1965) Geograficheskie osnovy klimaticheskogo raionirovaniia i opyt ikh primeneniia
na iugo–vostoke Zapadno-Sibirskoi ravniny [Geographical foundations of climatic zoning and
their application in the southeast of theWest Siberian Plain]. Geografija Zapadnoj Sibiri 53:3–122
(in Russian)

Stephan E, Meissner R, Rupp H, Frühauf M, Schmidt G, Illiger P, Bondarovitsch A, Balykin D,
ScherbininV, PuzanovA (2014)Aufbau eines bodenhydrologischenMessnetzes in der sibirischen
Kulundasteppe [Construction of a soil hydrological monitoring network in the Siberian Kulun-
dasteppe]. Wasserwirtschaft 10:15–22 (in German)



Chapter 13
Interactive Effects of Land Use
and Climate on Soil Organic Carbon
Storage in Western Siberian Steppe Soils

G. Guggenberger, N. Bischoff, O. Shibistova, C. Müller, S. Rolinski,
A. Puzanov, A. V. Prishchepov, F. Schierhorn and R. Mikutta

Abstract Soils store muchmore carbon (C) than all terrestrial plants and the Earth’s
atmosphere together, and the C exchange between soils and atmosphere largely influ-
ences the CO2 contents in the atmosphere. While converting native ecosystems into
agricultural land in the past caused a huge historical release of C into the atmo-
sphere, an optimization of the management of agricultural soils offers the possibility
of restoring parts of the previously lost C in the soil. However, in this respect, interre-
lationships of land use and soil management with climate changemust be considered.
In this chapter, land use and climatic effects on soil organic carbon (SOC) stocks
in the large western Siberian grasslands will be evaluated and scenarios of future
development of SOC storage will be given. A combination of soil analysis along a
climatic gradient from the forest steppe to the dry steppe and a modelling approach
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with the Lund–Potsdam–Jena managed Land (LPJmL) model revealed, that since
their cultivation soils of the Kulunda steppe lost about 20–35% of their organic C.
Surprisingly, not only particulate organic C was affected but likewise also organic C
located within mineral-organic associations was lost, and the proportion of the lost
C is independent from the climatic conditions. Parts of this lost organic C can be
restored by abandoning arable land. However, due to political and economic con-
straints, this does not seem to be likely. Minimum or zero tillage may provide an
option to increase the organic C storage in western Siberian steppe soils, but the
potential effect may be limited. The LPJmL model simulates a continuing climate-
change driven C loss from soil, which corroborates results of soil analysis along the
climatic gradient. The management of SOC stock has to be evaluated also for its
effect on soil erosion, water deficiency and nutrient shortage.

Keywords Arable land · Climate change · Land use · LPJ model · No till · Soil
cultivation · Soil fractions · Soil management · Soil organic matter

13.1 Introduction

Soils store about three times as much C in the form of organic matter (about 2.200
Pg or 1015 g C) than does the atmosphere in the form of CO2 (about 750 Pg C)
(Batjes 2014). Its effect on the atmospheric CO2 concentration is considered most
relevant, as the soil organic carbon (SOC) pool is potentially much more labile
than the larger reservoir of marine C (IPCC 2014). In equilibrium, each soil can
store a certain amount of organic matter depending on abiotic conditions such as
texture, mineralogical composition, and climate, but also on biotic conditions such
as vegetation and soil biota (Gupta and Rao 1994). Any change of these variables
results in a change of the C input with plant litter and/or in a change of the C output
as CO2 or CH4. Cultivation of soil typically results in a significant C flow from
the soil to the atmosphere (Foley et al. 2005). Lal (2004) estimated that land-use
change caused a historical release of 136 Pg C into the atmosphere, which is about
half of the amount of C emitted into the atmosphere by burning fossil fuels. The
most important contribution to C emissions is the conversion of native ecosystems
to arable land. In temperate regions, the depletion of soil C due to land-use change
occurred already in the past. As a consequence, a new equilibrium of C inflow to
and C outflow from the soil was established at a lower level than in native soils. This
offers the possibility to restore parts of the SOC stocks by either changing land use
to a more C sustainable system or by optimizing the soil management (Lal 2004;
Kurganova et al. 2014). However, interrelationships of land use and soil management
with climate change must be considered in the estimation of the C sequestration
potential through sustainable agriculture.

In this chapter, land-use effects on SOC stocks in the large grasslands of western
Siberia will be evaluated. Consequences of farming collapse for C stocks at the end
of the Soviet Union and possibilities of improved land and soil management systems
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will be emphasized, the impact of different climatic conditions on the effects of land-
use change on SOC will be discussed, and scenarios of the future development of
SOC storage in these soils will be given.

13.2 Land-Use Effects on Soil Organic Carbon Stocks

General effects of land use on SOC stocks can be most certainly determined bymeta-
analyses, where the relative impact of a treatment (i.e. land-use change) on different
variables (i.e. the SOC stock) is investigated. To date, one of the most prominent
meta-analysis on the effects of land-use change on SOC stocks is the one by Guo and
Clifford (2002), who included 537 observations from 74 publications in their study.
According to Fig. 13.1, the transition from pasture to crop has themost drastic impact
on SOC among all types of land-use change, as this change reduces the SOC stock
by about 50%. Similar losses were reported by Paul et al. (1996) in a compilation of
data from 34 long-term field experiments in the USA, most of them on prairie soils.
A newer analysis by Poeplau et al. (2011), considering 176 worldwide observations
of a change from grassland to cropland, came up with a predicted SOC loss of 36%.
Surprisingly, a new steady state equilibrium was already reached within 17 years
after conversion. Two processes are relevant for the much smaller SOC stocks in
agricultural soils as compared to grassland soils. First, the organic matter input to
grassland soils is much higher, despite some usually very productive arable cultures
such as maize (Schulze et al. 2010). In grasslands, 30–50% of the total assimilated
C is allocated to the soil, whereas in arable lands, it is just 20–30% (Kuzyakov and
Domanski 2000), and it is particularly the rhizodeposition, which is relevant for soil
organic matter formation (Schmidt et al. 2011). Second, the mineralization rate of
soil organic matter is much higher in arable soils, primarily due to disruption of soil
aggregates, which are considered to protect organic matter by physical occlusion
within the aggregates (Elliott 1986).

So far, research on land-use effects on steppe soils predominantly focused on
American prairie soils. Within Russia, most studies have been carried out in the
European part, where a decrease of SOC of 27 to >40% was reported (Mikhailova
et al. 2000;Rodionov et al. 1998). For theKulunda steppe inwestern Siberia, Bischoff
et al. (2016) assessed the impact of grassland conversion to arable soil on SOC at 21
plots of nine sites in the forest steppe, the typical steppe and the dry steppe (Fig. 13.2).
Soils in the forest steppe and in the typical steppe were mostly Chernozems, while
in the dry steppe Kastonzems dominated. Also, sodic and saline soils (Solonetz,
Solochaks) were identified within the study area.

The measured SOC stocks down to 60 cm soil depth ranged from about
10–250 Mg ha−1 (10–25 kg m−2) and generally decreased from forest steppe to
typical steppe to dry steppe (Bischoff et al. 2016). Conversion of grassland to arable
land use decreased the SOC stocks by about 20–35%. Chrono sequence data from
the forest steppe showed that by far most of the organic C was lost within the first
five years after ploughing the grassland, thus corroborating the results of Poeplau
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Fig. 13.1 Soil carbon response to various land-use changes; 95% confidence intervals are shown
and numbers of observations are in parentheses. Source Guo and Gifford (2002)

Fig. 13.2 Map of the Kulunda steppe with sampling sites at forest steppe, typical steppe and dry
steppe, along with a representative landscape picture and soil profile. Biomass and aridity gradients
are shown schematically. Source Bischoff et al. (2016)

et al. (2011), and emphasizing the fast response of soil organic matter on land-use
change in a degrading system.Müller, Rolinski, Prishchepov and Schierhorn (unpub-
lished) applied the Lund–Potsdam–Jena managed Land (LPJmL) model to simulate
the SOC stocks in the Kulunda steppe, which is based on process formulations for
photosynthetic plant growth depending on climatic variables, atmospheric CO2 con-
centrations and soil parameters with a resolution of 30× 30 angle minutes (Bondeau
et al. 2007; Rolinski et al. 2018). The simulated data fit quite well to the measured
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Fig. 13.3 Soil organic carbon (SOC) stocks (kg m−2) in the Kulunda region as mean of 1985 to
1995 as obtained by the Lund–Potsdam–Jena managed Land (LPJmL)model (Bondeau et al. 2007).
Simulations were run with standard input data at a spatial resolution of 30 × 30 angle minutes and
compared with measured data (dots). The black line shows the border to Kazakhstan

ones (Fig. 13.3), in spite of some uncertainties concerning land-use history and soil
type. Generally, the decreasing SOC stocks from north-east to south-west reflect very
well the aridity gradient shown in Fig. 13.2. The cumulative analysis of the simulation
data for the whole Kulunda region reveals that about 3.3 Pg organic C accumulated
in the soils during the pre-agriculture time and stayed relatively constant until the
advent of the large-scale conversion of grassland to arable land, colloquially called
Virgin Lands Campaign (Tselina, hereinafter Campaign), which lasted from 1954 to
1963 (more details on the Campaign can be found in Chap. 6 by Prishchepov et al.
and Chap. 8 by Frühauf and Borisenko). Since then the LPJmL model revealed a
constant decrease in SOC stocks, independent of scenarios used in the model.

Interestingly, in soils of the Kulunda steppe, the organic C losses driven by con-
version of grassland to arable soil occurred not only in the ploughed topsoil but also
at soil depths down to 60 cm (Bischoff et al. 2016). Guo and Gifford (2002) reported
similar SOC changes at <30 cm and 30–60 cm soil depth after land use change from
forest to cropland. Only at >60 cm soil depth, SOC stocks were not affected. This
observation rather contradicts the view that ploughing is primarily responsible for
the depletion of SOC in agricultural soils, as that would mean that the organic C
losses are much more pronounced in the ploughed soil layer.

In fact, the aggregate stability was smaller in cropland soils than in grassland
soils, and decreased with increasing tillage intensity (Fig. 13.4). Further, the organic
C contents were well related to aggregate stability. This statistical relationship led
to the tentative conclusion that SOC is better protected from microbial decompo-
sition by the more stable soil aggregates of grassland soils than by the less stable
aggregates in arable soils (see also e.g. Six et al. 2002). However, a comparison of
mineralization rates of intact soil macro-aggregates (250–2000 µm) with crushed
soil macro-aggregates (<250 µm), simulating the result of ploughing on soil organic
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Fig. 13.4 Relation between aggregate stability (�MWD) and soil organic carbon (SOC) (%) for
topsoils in the three different steppe types. The solid line corresponds to the trend line over all plots
within one steppe type. Source Bischoff et al. (2016)

matter decomposition, revealed no differences (Fig. 13.5). Macro-aggregate pro-
tected organic C that was almost absent in the soils of the Kulunda steppe, and it
contributed only marginally to the organic C mineralization during the 401 days
of incubation (Bischoff et al. 2017). These results suggest that the tillage-induced
breakdown of macro-aggregates and the subsequent release of organic matter are not
the key factor driving organic C losses due to the conversion of grassland soils into
arable soils. This observation is in contrast to observations made in prairie soils in the
North American Great Plains, where Cambardella and Elliott (1993, 1994) reported
a pronounced protective capacity of macro-aggregates for SOC, which is largely lost
due to arable land use. Bischoff et al. (2017) explained this discrepancy by very
small proportions of particulate organic C (<10%) in the Siberian soils which can
result from small organic matter inputs with crop residues and rhizodeposits (Gulde
et al. 2008; Brown et al. 2014) or a wetter climate than in the North American Great
Plains, which favours the formation of mineral–organic associations.

The small contribution of particulate organic C to the whole SOC pool has the
additional effect that about 80–90% of the lost organic C due to land-use change
has been associated with minerals. In turn, this means that in the Kulunda soils,
a considerable part of organic matter bound to minerals is quite vulnerable to soil
management and possibly part of a labile soil organic matter pool (Bischoff et al.
2016, 2017). This observation challenges the view of a pronounced organic C sta-
bilization by the formation of mineral–organic associations (Kleber et al. 2015).
Mineral-associated organic matter thus represents a continuum in biodegradability,
driven by the action of rather weak (e.g. hydrogen bondings or cation bridges) to
strong (e.g. innersphere complexation) mineral–organic bondings, which depends
on the reactivity of abundant organic matter and minerals (Kaiser and Guggenberger
2003; Mikutta et al. 2007).
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Fig. 13.5 Whisker plots with the percentage of soil organic carbon (SOC) mineralized during
401 days of incubation for eight plots within two steppe types and for the three fractions bulk
soil, intact macro-aggregates, and crushed macro-aggregates. Different lowercase letters indicate
significant differences (p < 0.05) between fractions within plots. Source Bischoff et al. (2017)

13.3 Soil Organic Carbon Restoration after Farming
Collapse and by Improved Soil Management

As mentioned above, long-term agricultural management leads to depletion in SOC.
This provides the chance to restore the SOC stocks (Paustian et al. 2016), either by
conversion of arable land to grassland or forest (Laganière et al. 2010) or by practices
that increase organic C inputs (Burney et al. 2010) and/or decrease organic matter
mineralization by conservational tillage practices (Ogle et al. 2005). For instance,
Schulze et al. (2010) reported that improved agricultural management contributes
to European ecosystems having a net C sink of 114 Tg or 1012 g yr−1. However,
considering the emission of all greenhouse gases, soils are a source of about 26 Tg
CO2-C-equivalent.

After the collapse of the Soviet collective farming system in the early 1990s, about
25 million ha of arable land were abandoned in western Siberian and Kazakh steppes
(Kamp et al. 2015). In a meta-analysis, Kurganova et al. (2014) calculated an average
C accumulation rate of 0.96Mg or 106 g C ha−1 yr−1 in 0–20 cm depth of abandoned
Russian soils, though data vary widely between −0.23 and 3.70 Mg C ha−1 yr−1.
Parts of this variation are due to different soil types. The smallest C accumulation
rates were found for Albeluvisols that prevail in European Russia, while the largest
rates are reported for Chernozems (Fig. 13.6), which comprise almost 70% of the
abandoned land in western Siberia (Kurganova et al. 2014). This result is mirrored by
another meta-analysis of Kämpf et al. (2016), who reported a mean annual organic
C accumulation rate of 0.72 Mg C ha−1 yr−1 in temperate agricultural soils after
the termination of arable land use, leading to 18% higher organic C storage in soils
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Fig. 13.6 Average carbon accumulation rates (±standard error) in five main soil groups for the
first 20 years after the abandonment of cultivation (1990–2009). The confidence interval reflects
significant differences (P < 0.05) between the soil groups. The five main soil groups according
to Targulyan and Gerasimova (2007) are: AB, Albeluvisols; LV, Luvisols; CH, Chernozems; KS,
Kastanozems; os,‘other soils’. Source Kurganova et al. (2014)

of ex-arable land than of arable land. The proportional gain of SOC was highest in
sub-humid and semi-arid climate (Fig. 13.7), which coincides with the climate of the
western Siberian steppe.

Taking the results of Kurganova et al. (2014) and Kämpf et al. (2016) together, the
potential of agricultural soils of western Siberia is particularly high. According to
Kurganova et al. (2014), the extra C currently accumulating in former arable soil is
equal to about 10% of the fossil fuel emissions of Russia on a yearly basis. However,
Poeplau et al. (2011) emphasized that such C accumulating land-use types reach
their equilibrium only after many decades, indicating that a current C saturation in
the soils cannot be expected. Moreover and most importantly, land-use conversions
conflict with agricultural production and food security objectives worldwide and
particularly in Russia after 2014 (Wegren 2013). Furthermore, the region’s currently
not fully used agricultural potential is increasingly coming into the focus of national
governments and investors (Swinnen et al. 2017; Saraykin et al. 2017). Kraemer
et al. (2015) and Meyfroidt et al. (2016) reported that land that has been set aside
after the collapse of the Soviet Union was increasingly recultivated, particularly in
southern European Russia, Russia’s western Siberia and northern Kazakhstan. This
possibly leads to a re-emission of C into the atmosphere that has been recently fixed
as soil organic matter. Therefore, we consider the abandonment of arable land in the
western Siberian steppe not as an appropriate option to increase SOC storage.

An alternative to increasing the organic C storage in the soil is the establishment of
more sustainable and C-gaining land management. In order to increase the organic C
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Fig. 13.7 Effects of a age, b climate and c initial SOC stock on carbon sequestration in ex-arable
land of the temperate eco-zone compared to former arable land use. Means and 95% confidence
intervals for effect size (response ratio) (left) and percentage change (right), sample size in paren-
theses. Source Kämpf et al. (2016)

input, a number of options exist (summarized in Paustian et al. 2016). However, most
of them are not suitable in the steppe climate of western Siberia. Cover crops have
been shown to sequester organic C by their large production of residues (Poeplau
and Don 2015). But in western Siberia, this is not possible due to a lack of soil
moisture and due to the short vegetation time. Also, strategies to increase the root
mass to deposit C into deeper soil layers (Kell 2012) do not work in this dry climate,
as this would be at the cost of production of above-ground biomass, including grain
formation. For many northern American soils, it has been shown that less intensive
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tillage, particularly zero tillage, leads to an increasing SOC storage (Paul et al. 1996).
However, this perception has been recently challenged by Powlson et al. (2014),
emphasizing that an increased organic C content/stock in the surface soil is offset by
C losses in deeper soil horizons. In contrast, Kämpf et al. (2016) identified 3 and 14%
larger SOC stocks in temperate soils under reduced and zero tillage management,
respectively, as compared to their conventionally tilled counterparts. In the soils of the
Kulunda steppe, Bischoff et al. (2016) revealed slightly larger organic C stocks along
with higher aggregate stability with decreasing tillage intensity (Fig. 13.4). However,
the results are not significantly different. In summary, it appears that minimum or
zero tillage may provide an option to increase the organic C storage in western
Siberian steppe soils. But the quantity may be limited. This calls for running long-
term experiments in the west Siberian steppe belt to study the effects of different
tillage systems on SOC storage along with other soil parameters.

13.4 Interaction of Land-Use Change and Different
Climatic Conditions and Its Impact on Soil Organic
Carbon

Land use and land-use change are still considered the most important driver for the
loss of biodiversity and ecosystem services such as C sequestration in the soil (Sala
et al. 2000). However, climate change is projected to be the second most important
driver (Elmhagen et al. 2015). As climate change has a direct impact on the type of
land use, the interplay between both drivers on ecosystem services, including SOC
storage, has to be better understood (Foley et al. 2011). However, not much is known
about the effects of land-use change in different climate conditions. At a global level,
Guo andGifford (2002) reported that after the conversion from grassland to cropland,
most of SOC was lost at mean annual precipitation of 400–500 mm (about 75%). At
mean annual precipitation >500 mm, the SOC losses were about 50% and at mean
annual precipitation of 300–400 mm, the soils lost about 54% of their organic C. In
contrast, Poeplau et al. (2011) identified temperature as being positively correlated
to the relative SOC loss due to land-use change, but not mean annual precipitation.
However, for none of the statistical observations, an explanation is given.

Comparative investigations on the effects of land-use change on SOC storage
under different climatic conditions in the Kulunda steppe revealed that the propor-
tional organic C stock change was similar for forest steppe and dry steppe, while the
typical steppe tended to have larger proportional organic C losses, though not statis-
tically different (Bischoff et al. 2016; Fig. 13.8). This indicates that the proportional
decline of the organic C stock is independent of climate. However, the decreasing
SOC stocks from forest steppe to typical steppe to dry steppe must be considered
when investigating land-use change—climate change interactions. Hence, the pre-
dicted drier climate in the semi-arid steppes of western Siberia will likely lead to a
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Fig. 13.8 Soil organic carbon (SOC) stocks (Mg ha−1) depending on land-use type for 0–10, 0–25
and 0–60 cm in different steppe types. Values are given as arithmetic mean ± standard error of the
mean. Points show individual measurements and lowercase letters indicate significant differences
between land-use types, tested within steppe type and depth increment (p-value, 0 < *** < 0.001 <
** < 0.01 < * < 0.05). Numbers above bars indicate the relative SOC stock decline due to grassland
to cropland conversion. Source Bischoff et al. (2016)

pronounced loss of organic C in both grasslands and arable soils due to decreasing
biomass input under drier conditions (Bischoff et al. 2016).

There are also many salt-affected soils, such as Solonchaks and Solonetz, in the
Kulunda steppe, mostly in locations that are close to the groundwater. Surprisingly,
a toposequence study revealed higher organic C stocks in the non-sodic and sodic
Solonchaks than in neighbouring Kastanozems (Bischoff et al. 2018). Plant growth,
asmeasured by above-ground biomass, obviouslywas not reduced under high salinity
levels due to concomitant higher soilwater contents, leadingpresumably to anorganic
matter input into the salt-affected soils similar to the Kastanozems. Further, the high
salt contents led to the flocculation of soil constituents and thus to the formation of
stable mineral–organic associations. Thus, salt-affected soils contribute significantly
to the SOC storage in the semi-arid soils of the Kulunda steppe (Bischoff et al. 2018),
but more data on salt-affected soils are required.

13.5 Future Perspectives

For the analysis of the future development of the C storage in the vegetation and soil
of the Kulunda steppe and associated C fluxes, Müller, Rolinski, Prishchepov and
Schierhorn (unpublished) employed the LPJmL hydrological and vegetation model
on reconstructed land use with local official statistics on agricultural productivity,
inputs and sown crops and remote sensing estimates of recent land-use changes. The
calculation of the net ecosystem exchange (NEE) of the Kulunda steppe revealed
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Fig. 13.9 Accumulated
carbon fluxes as net
ecosystem exchange (NEE;
in Tg C per period) in the
Kulunda steppe during four
periods: (1) 1925–1940; (2)
1950–1965; (3) 1990–2005;
(4) 2040–2055

organic C losses throughout the whole study period from 1925 to 2055 (Fig. 13.9).
The negative NEE prior to the Virgin Lands Campaign activities was due to the
conversion of grassland into arable land at a smaller scale that started already in the
nineteenth century (see Chaps. 6–8). Total organic C losses from the biosphere to
the atmosphere during the Campaign from 1954 to 1963 were estimated at 110 Tg or
1012 g C. During the period from 1990 to 2005, the NEEwas almost balanced, which
reflects the organic C gains in abandoned soils, thereby outbalancing the continuing
losses from soils under arable land use. However, this situation will change in future
until the middle of the twenty-first century. Projected increasing recultivation of
currently abandoned land together with climate-change driven reduction of organic
matter input will most likely lead to negative NEE values and SOC mineralization
and release. For instance, within the period from 2040 to 2055, simulated organic C
losses from the Kulunda steppe are estimated at about 48 Tg.

These simulated changes in NEE are also reflected in the calculated storage of
organicC in vegetation and soil in theKulunda region from1900 to 2100 (Fig. 13.10).
According to the simulations under different meteorological drivers, the vegetation
of the Kulunda region contained 140 Tg C at the beginning of the twentieth century,
whereas the soils contained more than 10 times as much (about 2.1 Pg or 1015 g C).
All model runs showed a drastic decrease in the organic C bound in vegetation during
the Campaign period due to the ploughing large areas of grasslands and the clearing
of forests. This land-use change also affected negatively the SOC storage from ca.
1950 onwards. The current slight increase in the organic C of the vegetation can
be explained by increasing productivity due to improved management systems and
increasing CO2 concentrations in the atmosphere. However, in the second half of the
twenty-first century, a dramatic decline in the organic C in vegetation is simulated,
which is highest for the A2 scenario with the strongest temperature increase. Also,
the SOC will decline at increasing rates for all scenarios tested, which corroborates
the results of the space-for-time approach by Bischoff et al. (2016).

As shown before, the simulated spatial distribution of SOC stocks shows a quite
heterogeneous pattern, with decreasing stocks from the north-east to the south-west,
following the climatic gradient (Fig. 13.11). The south-eastern corner does not belong
to the steppe biome anymore but to the Altai Mountains with its moister and cooler
climate and forest soils. In soils of the forest steppe and the typical steppe, the
largest loss rates occurred in the past and are simulated to occur in the future. This
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Fig. 13.10 Simulation results of organic carbon in vegetation (top) and soil carbon (bottom) (in Pg
C) in the Kulunda region from 1900 to 2100 for the GLUES scenarios A1, A2 and B1 for different
climatic models

is due to a combined effect of continuation of arable land use and recultivation of
abandoned lands and the changing climate. In the south-western part, representing
the dry steppe, the possible abandonment of arable fields due to drier climate leads
to the accumulation of organic C also during the next decade.

13.6 Conclusions (Soil Organic Matter and Beyond)

Experimental data as well as modelling exercises show that the potential of organic
C sequestration in soils of the western Siberian steppe, namely the Kulunda steppe,
is limited. There is no clear proof that minimum or zero tillage leads to an increase
in the SOC storage. However, the associated database is still weak. Yet even when a
small potential gain of organic C due to a more conservative tillage system is taken
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Fig. 13.11 Simulation results of mean soil organic carbon (SOC) stocks (in kg C m−2) for four
periods (upper maps) as well as differences as compared to the period 1925–1940 (lower maps).
The black line shows the border to Kazakhstan

into account, the overriding effect of a changing climate with higher temperature and
increasing water deficiency will likely decrease the soils’ organic C storage in large
areas of the Kulunda steppe. This should not lead to the conclusion that investment in
the development and implementation of soil conserving agricultural techniques is not
necessary. However, we should not constrain the climate change and land-use change
debate in agricultural utilization of these steppe soils purely to the management of
organic C stock changes. Other factors are likely more important and deserve more
attention.

There are possibly three major obstacles of efficient arable land use in the western
Siberian steppe soils, namely are soil erosion,water deficiency and nutrient depletion.

1. Soil erosion: We could not identify a significant stabilization of SOC in macro-
aggregates, but we were able to show a linear relationship between the SOC
content and the aggregate stability of the surface soil, which follows the order
grassland soil >minimum/zero tillage > conventional tillage. Hence, even if there
is no significant increase in the whole SOC stock at minimum or zero tillage,
the likely higher organic C stock at the first few cm of the soil leads to larger
mean weight diameters of soil aggregates and a higher aggregate stability, thus
reducing soil erosion and providing an advantageous pore size distribution for
root growth.

2. Water deficiency: As water supply to plants is of utmost importance for plant
growth at the steppe, particularly in the dry steppe, climate-optimized land man-
agement must focus on increasing the relative water uptake by the crops (i.e.
increasing transpiration water losses at the cost of evaporation water losses). As
is shown in Chap. 12, soil moisture conditions are more favourable for plant
growth under minimum and zero tillage than under conventional tillage.

3. Nutrient depletion: Due to financial constraints, large areas of arable soil in the
Kulunda steppe did not receive any ormuch too less fertilizer since the collapse of
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the Soviet Union. This leads to nutrient limitations of plant growth, which might
be particularly serious for nitrogen and potassium. While nitrogen is of utmost
importance for biomass formation, a good potassium supply helps to increase
the water use efficiency by plants. Nitrogen is likely depleted in the soils due to
organic matter mining, while potassium deficiency may be particularly relevant
in soils of neutral pH with low silicate weathering rates. In addition, in soils of
high pH also micronutrients may become limited.

To overcome these three obstacles, the establishment of innovative agricultural
machinery to realize climate-adapted tillage concepts and the development of an
optimized fertilization regime is necessary. As in recent years, agriculture is getting
increasingly into the focus of decision-makers in the Russian Federation, the chances
to realize such concepts are higher than in the past. Investment into new technologies
enabling minimum or no-tillage agriculture along with optimized fertilization will
increase biomass production and with that organic matter input to the soil. Likewise,
the aggregate stability will increase as a result of less soil disturbance and higher
organic matter stocks, while the soil water balance is improved at the same time.
Agricultural intensification, not to be confounded with tillage intensification, will
thus lead to lower soil erosion, higher soil resilience, and with that to a higher
likelihood of stable and high yields.
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Chapter 14
Types, Occurrence and Tendencies of Soil
Degradation in the Altai Krai
and the KULUNDA Research Region

M. Frühauf, G. Schmidt, P. Illiger and T. Meinel

Abstract The Kulunda Steppe in southwestern Siberia is nowadays an agrarian
region characterized by an intensive land use unsuited for the natural environmen-
tal conditions. The KULUNDA project’s research region is part of the agricultural
regions ploughed and cultivated during the so-called Virgin Lands Campaign of
the Soviet era. Here, cause and effect relationships between physical and chemical
soil properties under different land use managements are analysed regarding cli-
mate change adaptation, reduction of greenhouse gases and a sustainable regional
development. This chapter focuses on the spatial differentiation as well as intensity-
and process-related assessment of selected forms of soil degradation in the research
region. The region’s soil degradation is characterized by changed physical and chem-
ical soil properties besides the occurrence of water and especially wind erosion. Type
and intensity of the different degradation processes vary with local environmental
conditions. In this connection, we could show that type, intensity and period of land
management practice resulted in various negative effects on local conditions which
increase overall the vulnerability and erosion susceptibility of the locations. In areas
with an annual precipitation of less than 250 mm, the degradation even leads partly
to a desertification phenomenon.
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14.1 Introduction and Previous Knowledge

The KULUNDA project (www.kulunda.eu) was an interdisciplinary joint research
project funded by the BMBF

1
with the goal to develop locally adapted, sustainable

land use strategies. The project’s research results are examined in the context of other
studies on the agrarian regions of southwestern Siberia and the Altai Krai. Two-
thirds of the 100,000 km2 of the Kulunda Steppe belong to the administrative unit.
A fundamental requirement to achieve the project’s goal was to study the scientific
basics of the cause and effect relationships of soil degradation phenomena. The
knowledge about the soil resources of our research region is the foundation for a
sustainable agricultural production.

While selected processes and phenomena were topic of previous chapters, this
article focuses on the spatial synthesis and predictions of soil degradation trends.

The attribution of soil degradation phenomena to agro-ecological regions, each
with specific climatic and pedologic characteristics, is an important foundation for the
evaluation of the phenomena’s spatial dimensions. The agro-ecological regions have
been previously classified and named differently by researchers. Afonin et al. (2008)
named them West Kulunda, East Kulunda, Pri-Aleisk, Central Area and Pri-Obsk,
while Morkovkin et al. (2013) called them dry steppe, arid steppe, temperate-arid
steppe, central steppe and meadow steppe. The regions are part of KULUNDA’s
research region and have been also classified as forest steppe, typical steppe and dry
steppe according to Atlas Altaiskovo kraia (1978). Latter classification is used as
spatial reference basis for the following statements regarding the spatial as well as
intensity- and process-related differentiation of selected forms of soil degradation in
the research region.

Almost 30% of the steppes in southern Siberia have been damaged by wind
erosion and 16% by water erosion. The Altai Krai is of special importance regarding
the erosion susceptibility and erosion types of its agricultural areas. 88.5% of the
6.1 million ha of arable land is rated as at risk for erosion (Gos Doklad 1998). In
comparison with the agricultural regions around Novosibirsk and Omsk, the extent
of the damage is much higher in the Altai Krai (Tanasienko et al. 1999). 47% of
arable land in the Altai Krai show wind and water erosion damage, whereas only
40% around Omsk and 13% around Novosibirsk are affected by erosion.

As described in previous chapters, the occurrence of erosion and its type, intensity
and spatial dimension is related to the different stages of ecosystem conversion
and cultivation of steppe (Frühauf and Meinel 2014). To some extent, different soil
degradation phenomena influence and interfere with each other. The following will
first discuss the causes and forms of erosion in the research region of the KULUNDA
project.

http://www.kulunda.eu
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Fig. 14.1 Soil degradation by wind in the agricultural regions of the Altai Krai. Source Meinel
(2002)

14.2 Wind Erosion as the Dominant Type of Soil
Degradation in the Research Region

The research results of Meinel (2002), which confirm and extend Burlakova’s (1999)
findings, show that wind erosion is the dominant process of soil degradation in the
Altai Krai and especially in the selected research region with its ecological and
economic impacts. Meinel (2002) defined in this context three categories with a
different annual soil loss.

As shown in the map in Fig. 14.1, the most severely damaged areas are in the
southwestern dry steppe where Kastanozems are the dominant soil type. As men-
tioned in Chap. 8, interrelations between the different stages of agricultural steppe
cultivation, type and intensity of land use practices and wind erosion phenomena
are evident (Frühauf and Meinel 2014). The most severe wind erosion damage was
observed in the central part of the Kulunda Steppe (Fig. 14.2).

The light Kastanozems of this area are predominantly composed of fine sand
substrate (the same soil type consisting mainly of silt substrate is less affected with
grade two damage). Schreiner and Meyer (2014) point out the strong wind erosion
impact in the northern Kulunda Steppe (Baga district of the Novosibirsk Region). In
addition to the forms of soil degradation, they specify indicators of desertification in
this region. Such severe soil degradation phenomena caused by wind erosion affect
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Fig. 14.2 Degraded top soil of a Kastanozem. Picture source Meinel (2002)

not only arable land but also pastures. Pastures in the Kulunda Steppe that are located
near the border to Kazakhstan show to some extent severely damaged vegetation and
topsoils (compaction and humus depletion). Often, drifts blur the boundaries between
arable land and pastures. Figure 14.3 shows these phenomena can be found also in
the dry steppe of the KULUNDA research region.

With an annual precipitation of less than 250 mm, forms of desertification can be
found here which are also reflected in quantitative and qualitative changes of biomass
and, respectively, its productivity. Wind erosion often affects land across different
usage types and affected areas become hotspots of degradation and desertification
from where damage can spread in neighbouring, still intact arable land or pastures.

These findings about the dominance of wind erosion are backed by the results of
Paramonov et al. (2003). They are based on their spatial- and intensity-related differ-
entiation of three soil degradation processes on agro-ecological zones (Table 14.1).
Especially, the Kastanozems of the dry steppe but also the southern Chernozems
zone in the semi-arid steppe are affected by wind erosion.

The data in Table 14.1 clearly display wind erosion as the main form of soil degra-
dation in the Altai Krai. Soil salinization affects only one third and water erosion
one fifth in comparison with the area damaged by wind erosion (spatial interfer-
ence is not distinguishable by this data). The impact (and intensity) of wind erosion
and (secondarily) soil salinization decreases with the climatic-pedological gradient
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Fig. 14.3 Soil drifts caused by wind erosion from arable land into neighbouring pastures near
Slavgorod. Picture source Meinel (2011)

Table 14.1 Soil degradation phenomena in the agro-ecological regions in the Altai Krai

No. Zone Area
(1000 ha)

Area (1000 ha) affected by

Soil
salinization

Water
erosion

Wind erosion T ha

1. West
Kulunda

1459.8 199.1 8.7 1246.9 1454.7

% 100.0 13.6 0.6 85.4 99.6

2. East Kulunda 1575.2 400.4 60.7 1081.5 1542.6

% 100.0 25.4 3.8 68.7 97.9

3. Pri-Alejskaja 1578.4 301.8 368.7 382.5 1053.0

% 100.0 19.1 23.4 24.26 66.7

4. Pri-Obskaja 1750.9 337.4 310.8 775.8 1424.1

% 100.0 19.3 17.8 44.3 81.4

5. Kulunda
steppe total

6364.3 1238.8 749.0 3486 5774.5

% 100.0 19.4 11.8 54.8 86.0

Based on Paramonov et al. (2003)
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Fig. 14.4 Area exposed to erosion by wind and water in the research region

and increasing humidity towards the northeast (Table 14.1). Concurrently, the domi-
nant soil type changes from Kastanozems to Chernozems of different developmental
stages.

Besides the dominance of wind erosion processes in the flat landscapes of the
dry steppe zone with Kastanozems, a combined action of wind and water erosion is
observed in the subzones of arid, temperate-arid and forest-outlier steppe, and water
erosion develops in the zones of central forest steppe and meadow steppe. With
increasing humidity in the temperate-arid and arid steppes, water erosion also occurs
beside wind erosion. Another reason besides the mostly low precipitation for the
less widespread occurrence of water erosion is the very flat relief of the KULUNDA
project’s research region.Hence, the lesswidespread, different forms ofwater erosion
are mostly localized to the hillier area of the Altai Mountains foreland with a higher
precipitation (Fig. 14.4).

Reasons for the dominance of wind erosion in the dry areas of the Altai Krai and,
therefore, in the semiarid landscapes are natural conditions combined with factors
resulting from land use which will be described in the following.

14.3 Natural Factors Promoting Wind Erosion
in the Southwestern Part of the Research Region

The widespread Kastanozems developed from substrates with a high silt and sand
content, especially in the middle part of the southwestern dry steppe and thus, they
are very susceptible to wind erosion (Paramonov et al. 2003; Illiger et al. 2014). In
comparison with soils under quasi-natural conditions (pastures), dark Kastanozems
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showed an average reduction of the humus horizon by 15 cm to an average depth
of 36 cm due to wind erosion (Meinel 2002). Not only the precipitation but also
the silt and humus content in the soils increases from the southwest to the northeast.
Soils are consequently less erodible due to the more frequent water availability. Also,
the southern Chernozems with their higher humus content have a better aggregate
stability and thus, aremore resistant to drifts. According to the findings ofMorkovkin
et al. (2013), the ratio of water to wind erosion intensity is 1–22.4 in the arid steppe
and 1–14.5 in the temperate-arid and forest-outlier steppe. Both results show not
only the significance of wind erosion but also that with increasing precipitation the
percentage of the areas exposed to water erosion increases, but it is not equal to
wind erosion in this zone. Unlike the dry steppe, the wind protection plants are
less damaged in this area and complemented by numerous natural wood enclaves.
Here, the average soil horizon reductions were (only) 10 cm in comparison with
adjacent natural steppe areas. Therefore, these values are in accordance with results
determined for this region by Russian authors (Atlas Altaiskovo Kraia 1978).

Another factor resulting in a higher susceptibility to wind erosion of soil is that
during the summer the precipitation occurs as convective rainfalls (Bergmann and
Frühauf 2011). Higher summer temperatures and a low water retention ability due
to type and intensity of land use result in an increased evaporation from topsoils
with a smaller humus and higher sand content. Strong katabatic winds from the Altai
Mountains during the summer (so-called Sukhowei’s) have an evenmore desiccating
effect on the arable soils and increase their wind erosion susceptibility. These winds
as well as the so-called ‘black’ storms during winters with low snow coverage are
more localized to the drier agrarian steppes (Meinel 2002).

14.4 Use-Related Causes of the Severe Wind Erosion
Damage

Besides natural conditions, type and intensity of land use practices during and after
the steppe cultivation (see Chap. 4) were important factors for the development of
wind erosion.Mechanical stress (Meinel 2002; Frühauf andMeinel 2014) along with
the subsequent reduction of organic matter (see below) resulted in the destruction of
stable soil aggregates (see this chapter). The particle surface area exposed to wind
increased while the density and bonding forces decreased. The parent material in the
middle parts of the dry steppewith a higher fine sand content is evenmore susceptible
to wind erosion (Illiger et al. 2014).

Grunwald et al. (2016) pointed out the role of black fallow for wind erosion,
which is still widely practiced in the investigation area. Its purpose is the retention
of precipitation in the soils for the next crop-growing cycle as well as an efficient
pest control. But usually, a deep loosening is applied additionally to these soils
in fall so that the soils are unprotected against wind for most of the year which
strongly promotes wind erosion. In this context, Grunwald et al. (2016) pointed
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Fig. 14.5 Often used practise of burning stubble in the fieldwith various negative ecological effects.
Picture source Meinel and Frühauf (2011)

out the widespread crop-growing cycle ‘summer wheat after summer wheat’, which
usually involves a deep cultivation of the soils after the harvest in fall.

Incorporating stubbles in the soils by intensive cultivation is practiced already
for a long time and still a common practice. But, as displayed in Fig. 14.5, stubbles
are also burned on the field to some extent. On the stubble-free soil surface, the
snow retention decreases during winter when winter storms occur often. A low snow
depth or a snow-free soil surface (snow blown away by wind) result in a small soil
water availability in spring (Meinel 2002). In spring, the soil is usually cultivated
in two steps with weed control as the main target. Lack of funding for herbicides is
compensated by a repeated flat soil cultivation before sowing. Considering the usual
sowing date around the end of April/beginning of May in the Kulunda Steppe, the
huge erosion potential created by this land management practice becomes obvious!

The snow melt in the region occurs on average between the end of March and
mid-April. Therefore, the described soil cultivation practise during this spring period
results often in intense and additional topsoil evaporation. As a result, the topsoil
becomes unprotected, dry and very well loosened. According to Morgen and Has-
senpflug, these are very favourable conditions for wind erosion. They are even
more prevalent when noon temperatures reach above 30 °C as it often happens
in May (GUGS 1977) and the evaporation increases even more. Additionally, the
already mentioned dry katabatic winds (Sukhowei) occur more frequently in May
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Fig. 14.6 Wind erosion destroys the just sowed crop in a field and causes ripple formation. Picture
source Meinel (2008)

(Tanasienko et al. 1999) and cause extreme wind erosion. During the KULUNDDA
project, such occurrences were observed especially at the end of May and beginning
of June. They result occasionally in the total loss of the just sowed crop but also in
the formation of dunes along the field borders (Fig. 14.6).

The topsoil (A) horizons of the local soils are affected in two ways by the wind
erosion: The A horizon is either reduced up to the total loss or buried under accu-
mulated soil material due to drifts (Fig. 14.7). This causes texture-selective changes
with negative ecological impacts for the sites (Meinel 2002). The local environment
becomes more heterogeneous due to vertically and laterally changing soil moisture,
humus and nutrient contents which influence the yield. These wind erosion phenom-
ena reach at times and locally the dimensions of dust storms with off-site effects
beyond the deflation areas. Effects are not only the covering of natural soil horizons
in and around shelterbelts or material deposition in natural lakes or water reservoirs
but also a considerable dust pollution of more distant settlements affecting the people
living there (see Fig. 14.8) The forms and effects of these wind erosion phenomena
in the investigation area are often very like the ‘Dust Bowl Syndrome’ of the North-
American agrarian region in the middle West in the 1930s and 1950s and the present
(Frühauf and Meinel 2014).
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Fig. 14.7 Profile of a soil affected by drifts with accumulated material in the M horizon and a new
initial A horizon. Picture source Meinel (2002)

Fig. 14.8 Dust storm in Barnaul. Picture source Silanteva (24.05.2012, 2.50 pm)
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14.5 Ovragi (Gullies) as the Formative Type of Water
Erosion

As already mentioned, water erosion is of less importance than wind erosion regard-
ing soil degradation phenomena in the KULUNDA research region. Main types of
water erosion are rill, gully and valley erosion (in Russian called ovragi), while soil
degradation by sheet erosion occursmuch less (Larionova et al. 2003; Van derMaarel
and Titlyanova 1989; Zonn 1995). Occurrence, dynamic and geomorphologic pre-
conditions of the water erosion types have been rarely researched and were not part
of the KULUNDA project either. The development of ovragi or rather gullies result
in an ongoing surface destruction of landscapes and massive soil loss. Its ecologic-
economic consequences are specially widespread and not only limited to on-Site
effects.

Depending on the relief, water erosion occurs largely in the hilly foreland of
the Altai Mountains and the higher river banks along the southwestern border of
the research region. Here—especially on the cut banks of larger rivers like the
Ob or Aley—large gullies have been formed showing a very dynamic development
(Dammann 2005) and cutting deeply in the flat surface of the plateaus (Fig. 14.9).

Fig. 14.9 Very dynamic gully formation along the river Aley causes soil loss on the bordering
agricultural used plateaus. Picture source Meinel (2008)
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Research findings regarding occurrence and dynamic ofwater erosion revealed the
negative impact of the prolonged snow accumulation by shelterbelts and its effects on
subterranean water and matter transport (De Jong and Kowalchuk 1995; Dammann
2005).

14.6 Loss of Organic Matter in Soils

The decrease of organic matter and the resulting loss of humus stock and depth
are an important effect complex of soil degradation. Numerous findings (show also
this chapter of this book) regarding cause-effect relations as well as on- and off-site
consequences (such as influence on the greenhouse effect) from the world’s different
biomes and land use regions have been published (Ajami et al. 2016; Bruun et al.
2015;Guo andGifford 2002;Hiederer andKöchy 2011;Kalinina et al. 2011; Poeplau
et al. 2011).

That also applies to the agricultural region of southwestern Siberia. Titljanova
(2000) and Rusalimova et al. (2006) calculated an average loss of organic matter
of 44% for arable land, 32% for meadows and 23% for pasturages in this region
over the last 100 years. Hence, the overall loss of soil organic carbon (SOC) in all
agrarian ecosystems of the forest steppe in western Siberia amounts to 13.4 × 108

t just in the twentieth century. Optimistic studies show SOC losses of up to 20%
(Rusalimova et al. 2006; Poeplau et al. 2011), while pessimistic approaches show
losses up to 43% (Mikhailova et al. 2000), or even 64% (Mikhailova and Post 2006;
Meinel 2002; Kalinina et al. 2011).

The most important factors are the type and intensity of soil cultivation, the inad-
equate additional supply of organic matter by (organic) fertilization but also other
agricultural land management practices which are partially rooted in the previous
political (soviet) system. In this context, Schreiner andMeyer (2014) refer to the fol-
lowing fact: Until the mid-1930s, fallow-black fallow-agricultural systems existed
in already cultivated regions. Annual crop rotations were widely used in this land-
scape until then. This (new) agricultural practice entailed the cultivation of a field for
six years followed by nine years of fallow, and two years of black fallow. After the
collectivization under Stalin’s leadership was completed at the beginning of 1930s,
the soils were continuously cultivated without any fallow periods.

Research regarding this matter during the KULUNDA project incorporated pre-
vious findings of Burlakova (1999), Meinel (2002), Morkovkin et al. (2013) and
Frühauf and Meinel (2014). They point out the interaction between type, intensity
and duration of land use and the resulting loss of organic matter in the process struc-
ture of the soil. Findings regarding land-use-initiated losses of organicmatter showed
differences depending on soil type and type of landscape (Illiger et al. 2014). Based
hereupon but also on findings from Meinel (2002; Fig. 14.10), the humus contents
of soils in the typical steppe and dry steppe were reduced by approximately 50%
since the Virgin Lands Campaign, and Illiger et al. (2014) estimated an overall loss
of organic carbon in the soils of KULUNDA’s research region of 143.8 million t



14 Types, Occurrence and Tendencies of Soil … 213

Fig. 14.10 Humus loss of approximately 50% in different steppe zones in 50 years (example of
pessimistic approach). Source Meinel (2002)

since the start of the Virgin Lands Campaign (Fig. 14.11). But not only the (natural)
humus contents differ between the typical and dry steppe regions. The statements of
the National Report (Gos Doklad 1998) point out that the humus content of Cher-
nozems in the Altai Krai (forest steppe) has been reduced from 6 to 8% before the
start of Virgin Lands Campaign to 3.5 to 5.8% in 1997. Over the same period, the
humus content of darkKastanozems decreased from3.5 to 4.5% to 2.0 to 2.4%. These
values illustrate, similar to our own research results (see this chapter) that, besides
wind erosion phenomena in the agrarian steppes, the humus loss as another form of
soil degradation has reached a particular intensity. These findings back the results
of Morkovkin et al. (2013). They reached the conclusion that the largest decrease
of organic matter can be found in the soils of arid and temperate semiarid steppes.
Thus, they signal a climate dependence of the reduction of humus, which could not
be confirmed by their own investigations.

Furthermore, the research results ofMorkovkin also pointed out that the thickness
of the A horizon is reduced by the humus decomposition (We believe that wind
erosion has a significant role to play here).

While it is of between 38 and 40 cm thick in unploughed Chernozems in the
forest steppe, it is reduced by 12–22 cm in agricultural soils due to deflation and loss
of organic matter (Morkovkin et al. 2013). The largest decrease of the A-horizon
thickness was found by these authors in the Kastanozem region. It is already thinner
in native soils and further reduced by wind erosion. Therefore, the agrarian locations
with Kastanozems are even more susceptible to wind erosion.

The soil degradation also affects the water infiltration and retention and, therefore,
soils are less able to buffer typical regional weather conditions like droughts or
torrential rainfalls. Therefore, the soils dry out faster, more intensively and deeper,
resulting in an even higher susceptibility for wind erosion. In this regard, Eisold
(2016) pointed out partly a higher evaporation rate and an increased upwards capillary
action. These conditions led partly to secondary soil carbonization and salinization,
especially increased by the applied irrigation methods.
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Fig. 14.11 Carbon loss in the upper 30 cm of agricultural soils in the Kulunda Steppe between
1953 and 2003. Source Illiger et al. (2014)

Further regional ecological consequences of humus loss have been previously
described (compare Meinel 2002; Frühauf and Meinel 2007). But it should be men-
tioned here that the importance of these agricultural steppes as greenhouse gas sink
(especially for carbon dioxide but also nitrous oxide) sharply decreased and their
role as a source increased. These results confirm the statements by Houghton et al.
(2001) that the agrarian steppes became a (diffuse) source of greenhouse gases with
respective impacts on greenhouse effect and climate change (Lal 2010; IPCC 2014).
Based on the estimated C losses from soils of the KULUNDA Steppe by Illiger et al.
(2014), a CO2 emission of more than 527 million t has occurred since the start of
the Virgin Land Campaign. This number equates the annual CO2 emission by the
industrial nation France or a quarter of Russia’s anthropogenic annual CO2 emission
(UNFCCC 2006) and illustrates the important role of these soils as greenhouse gas
sources.

14.7 Attempt of a Synthesis of the Different Soil
Degradation Phenomena

The different forms and processes of soil degradation interfere with each other in
space and time often resulting in complex synergy effects which are difficult to rec-
ognize, evaluate and describe. Paramonov et al. (2003) attempted to compile them by
creating a cumulative index of degradation phenomena for the arable land and grass-
land of the Altai Krai. The results show a degradation disposition with a northeast-
southwest gradient corresponding to soil types and climatic conditions. Figure 14.12
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Fig. 14.12 Extent and regional spread of soil degradation in the research area. Source Illiger et al.
(2014), based on Paramonov et al. (2003)

confirms the resulting statement of the previous description of the different soil degra-
dation phenomena. Wind erosion is the most important soil degradation process in
the investigation area which is reflected in the cumulative index. The dry steppe and
in part areas of the typical steppe are the most affected by soil degradation. These
results regarding regional soil degradation are supported by the displayed average
yield data, which show also a strong dependency on precipitation (Fig. 14.12).

Further, these findings show that soil degradation phenomena are not limited to
arable land but also occur onmeadows and pasture. Especially, the pastures along the
border to Kazakhstan have severely damaged vegetation and topsoils (compaction
and humus loss) (see Fig. 14.13). Those observed degradation phenomena affect not
only the soils. Theymatch the characteristics of desertification as shown by Schreiner
and Meyer (2014, Table 1, p. 538) for the northern Kulunda Steppe outside of the
investigation area. This process was locally intensified due to the growing cattle
number during the years of the KULUNDA project. The increased private life stock
resulted also in giving up of desertified fields.

For the entire Altai Krai, Paramonov et al. (2003) developed a method for assess-
ing the degradation level as a function of both field and pasture use. The analyseswere
conducted on district (rayon) level to gather soil degradation information on a smaller
scale. The results revealed direct relations between natural and anthropogenic soil
degradation effects due to type and intensity of land use. Those results revealed that
the land use was correlated with soil information to localize degradation hot spots,
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Fig. 14.13 Fine sand deflation on a field in black fallow. Picture source Meinel (1998)

identify potentially endangered areas and recognize patterns. We used this method
in our research as well. Our study results for the Mamontovsky Rayon are displayed
in Fig. 14.14 as an example. For our analyses, the land use categories derived from
satellite data were evaluated regarding hemeroby status (Walz and Stein 2014) and
afterwards normed. Soil values of the local soils (based on KGKRF 1992) were
normed in the same way. The land-use-soil-mosaic was aggregated which evaluates
land use type and soilwith 50%each.As a result in the example displayed above, rela-
tively nutrient-poor soils (like calcic Chernozems) used as arable landwere identified
to show the highest degradation potential. Areas covered with steppe vegetation or
forests (defined as ‘herbaceous’ in the legend) have the lowest degradation potential
and the soil type is the least important.

14.8 Development Tendencies of Degradation Processes
and Outlook

Besides finding information regarding the spatial dimension (of different forms)
of soil degradation in the context of its natural and land use factors, research also
focused on finding possible temporal tendencies of degradation development. Possi-
ble changes in the factors had to be taken into consideration. Kukis and Gorin were
first to point out the relationship between the large-scale steppe conversion during the
Virgin Lands Campaign and the afterwards continuously increasing soil degradation.



14 Types, Occurrence and Tendencies of Soil … 217

Fig. 14.14 Soil degradation potential at the example of the Mamontovsky Rayon, Altai Krai

They concluded that the degradation had intensified ten years after the beginning of
the large-scale cultivation. In their opinion, the boundary to severely damaged soils
was moved 50–60 km to the north or northeast, the boundary to moderately dam-
aged soils was moved even a 100 km in the same direction. In this context, some
authors have also used the term ‘anthropogenic aridization’ and reported a northward
movement of the steppe-forest boundary (Williams 2003).

In this context, Burlakova (1999) researched the extent of the degraded areas and
the spatial development of the degradation in the Altai Krai in different time stages
(see Table 14.2). However, the numbers in the first line of Table 14.2 are questionable
because it seems difficult to understand that, in 1980, a larger area (900,000 ha) was
devastated by water erosion than by wind erosion. The results previously described
in this chapter and our geomorphological observations showed that the Kulunda
Steppe has hardly any elevation. Moreover, Burlakova (1999) points out the evident
increase in soil devastation caused by wind erosion, leading to a five-time increase
of degraded land between 1980 and 1995.

Furthermore, Morkovkin et al. (2013) also refer to indicators for an increase
and even acceleration of soil degradation phenomena. Findings of Morkovkin et al.
(2013), based on a comparative analysis of the results of two soil surveys (first survey
period between 1960 and 1970; second survey period between 1980 and 1990), show
the following interesting results:
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Table 14.2 Soil area
degraded by water and wind
erosion in the Altai region

Year Water Wind

1980 900 600

1990 1300 1600

1995 1500 3000

Based on Burlakova (1999, p. 6)
Degradation by water and wind erosion of cultivated land in the
Altai Krai (in 1000 ha)

Table 14.3 Annual changing rate (in %) of soil areas with different erosion degrees

State of soils
in terms of
erosion degree

Dry steppe Arid steppe Temperate-
arid
steppe

Central steppe Meadow
steppe

Not eroded −3.42 −4.45 −3.72 −1.11 −0.19

Slightly
washed-off

0.00 0.19 0.20 1.01 0.32

Moderately
washed-off

0.00 0.00 0.03 0.10 −0.11

Severely
washed-off

0.00 0.00 0.01 0.00 −0.01

Slightly
wind-eroded

2.99 4.12 3.27 0.00 0.00

Moderately
wind-eroded

0.43 0.13 0.21 0.00 0.00

Severely
wind-eroded

0.03 0.00 0.00 0.00 0.00

Based on Morkovkin et al. (2013)

• During these two survey periods, the greatest change in eroded area was registered
in the zone of southern Chernozems in the arid steppe with an increase of about
4.5% per year (Table 14.3)

• Chernozems of the temperate-arid steppes and Kastanozems of the dry steppe are
subject to intense erosion as well. The eroded soil area increased annually by 3.7
and 3.4%, respectively, during the monitoring period.

The decomposition rate of organic matter accelerated during the last decades.
According to Morkovkin et al. (2013), the annual loss of organic matter in cultivated
Chernozems in the Kulunda Steppe increased from 0.7 to 0.9 t ha−1 between the first
and the second soil survey to 1 t/ha since the collapse of the political system. The
annual loss of organic matter in Kastanozems increased from 0.5 t/ha to 0.7 t ha−1

in the same period.
The authors showed that especially soils with small humus contents in the

temperate-arid steppe were affected by this process.
The results are mainly based on the findings of two large-scale soil quality surveys

in the late 1970s and 1980s and the status of soil degradation in the Altai Krai. The
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Fig. 14.15 Development of arable land with low humus content in Altai Krai

findings had revealed that the area of these soils had increased annually by 2.7%. At
the same time, the depth of the humus horizon was reduced. The highest reduction
was found in the Kastanozems in the dry steppe and the southern Chernozems in the
arid steppe with an annual loss of 2.3 and 2.1% during the monitoring cycles.

Such results were echoed by Ponkina et al. (2014), who found that the area of soils
with a small humus content (less than 4%) increased in the Altai Krai (Fig. 14.15)
and, therefore, the quality of the location decreased generally and in relation to the
area. The area of soils with small humus content increased particularly after the
collapse of the Soviet system in 1990. This can be explained by the decline of the
crop production infrastructure. Almost, no fertilizer and herbicides were available
and land management had to shift to more intensive soil cultivation methods to
perform necessary tasks like weed control and provision of nutrients. Organic matter
decreased even more in the soils and the susceptibility to wind erosion increased.

It becomes clear that the land use practises during the Soviet era but also the
changed conditions after the collapse of the Soviet Union resulted in a dramatic and
catastrophic increase in soil degradation phenomena. Evennow, these land cultivation
methods, which are so conducive to wind erosion and humus loss are still widely in
use. The topsoils become even more stressed and susceptible to wind erosion and
humus loss. The nutrient supplementation is inadequate because of the insufficient
fertilization with mineral but especially with organic fertilizers.

If and to what extend these processes are affected by regional climate change
should be topic of future research. That applies also to the different climate scenar-
ios for the near and further future provided for this region, which identify various
challenges regarding sustainable land use and ecosystem development. For western
Siberia, the national report of climate change impacts on Russia (NIC 2009) states
major changes by: (a) An increase of the average temperature by 3–4 °C until 2050,
and (b) a shift of this semiarid landscape zone to the north by 30–80 km in the next
20–25 years (up to 150–200 km by 2050) and a shift of the steppe boundary to the
north. By that time, the steppe zone of southern Siberia will be extended by 30%



220 M. Frühauf et al.

and the territories affected by land degradation and desertification will be up to 50%
larger (Tchebakova et al. 2003).

These facts must be considered during today’s planning and implementation of
measurements for a future, resource-protecting agrarian land use.

References

Afonin AN, Greene SL, Dzyubenko NI, Frolov AN (eds) (2008) Interactive agricultural ecological
Atlas of Russia and neighboring countries. Economic Plants and their Diseases, Pests and Weeds
[Online]. Available at: http://www.agroatlas.ru

Ajami M, Heidari A, Khormali F, Gorji M, Ayoubi S (2016) Environmental factors controlling soil
organic carbon storage in loess soils of a subhumid region, northern Iran. Geoderma 281:1–10

Bergmann & Frühauf (2011) Regionalklimatische Untersuchungen in der Südwestsibirischen
Kulundasteppe. Geoöko 32:160–194

Bruun TB, Elberling B, Neergaard A, Magid J (2015) Organic carbon dynamics in different soil
types after conversion of forest to agriculture. Land Degrad Dev 26(3):272–283

Burlakova LM (1999) Pochvenno-zemel’nye resursy [Soil-land resources]. In: Vinikurov UI (ed)
Sostoianie okruzhaiushchei sredy v Altaiskom Kraie. OOO NEKSI, Barnaul (in Russian)

Dammann S (2005) Ursachen und Auswirkungen der Ovragbildung in der südsibirischen Kulun-
dasteppe und ihre Wechselwirkungen zur Naturraumausstattung sowie der Landnutzung [Causes
and effects of ovragi formation in the South Siberian Kulunda Steppe and its interaction with
natural region layout and land use]. Diploma Thesis, Martin Luther University Halle-Wittenberg
(unpublished, in German)

De Jong E, Kowalchuk TE (1995) The effect of shelterbelts on erosion and soil properties. Soil Sci
159(5):337–345

Eisold A (2016) Untersuchungen zur Bodenversalzung durch Bewässerung in der südwestsi-
birischen Kulundasteppe [Studies on soil salinization due to irrigation in the southwest Siberian
Kulunda Steppe]. Master’s Thesis, Martin Luther University Halle-Wittenberg (unpublished, in
German)

Frühauf M, Meinel T (2007) Desertification in the agricultural used dry steppes in Central Asia. In:
Proceedings of the international conference soil and desertification—integrated research for the
sustainable management of soils in drylands 5–6 May 2006, Hamburg, Germany, Available at:
http://www.desertnet.de/proceedings/content/Fruehauf_Meinel.pdf

Frühauf M, Meinel T (2014) Ökosystemkonversion in den temperierten Grasländern Südwestsi-
biriens: Steuerfaktoren, Etappen und Geoökologische Konsequenzen [Ecosystem conversion in
the temperate grasslands of southwestern Siberia: key factors, stages and geoecological conse-
quences]. Geoöko XXXV(1–2):05–38 (in German)

Gos Doklad - Gosudarstvennyi doklad (1998) O sostoianii okruzhaiushchei prirodnoi sredy Rossi-
iskoi Federatsii v 1997 godu [About the condition of the environment of the Russian Federation
in the year 1997]. Moscow. p 606 (in Russian)

Grunwald LC, Belaev VI, Hamann M, Illiger P, Stephan E, Bischoff N, Rudev NV, Kozhanov
NA, Schmidt G, Frühauf M, Meinel T (2016) Modern Cropping Systems and Technologies for
soil conservation in Siberian agriculture. In: Müller L, Sheudshen AK, Eulenstein F (eds) Novel
methods for monitoring and managing land and water resources in Siberia. Springer, London, pp
681–719

GUGS (Glawnoe Gidrometeopologitscheskoi Sluschba) (1977) Spravotschnik po Klimatu. Bd. 20,
Nowosibirsk

Guo LB, Gifford RM (2002) Soil carbon stocks and land use change: a meta analysis. Glob Change
Biol 8:345–360

http://www.agroatlas.ru
http://www.desertnet.de/proceedings/content/Fruehauf_Meinel.pdf


14 Types, Occurrence and Tendencies of Soil … 221

Hiederer R, Köchy M (2011) Global soil organic carbon estimates and the harmonized
world soil database. EUR 25225 EN. Publications Office of the European Union. Available
at: https://publications.europa.eu/en/publication-detail/-/publication/bab16047-419a-4aab-81a0-
1ddecc280827/language-en

Houghton RA, Hackler JL, Cushman RM (2001) Carbon flux to the atmosphere from land-use
changes: 1850–1990. Carbon Dioxide Information Center, Environmental Sciences Division,
Oak Ridge National Laboratory, Oak Ridge

Illiger P, Frühauf M, Schmidt G, Meinel T, Belyaew V, Silanteva M, Kasarjyan M (2014) Ökosys-
temkonversion und ihre Folgen bezüglich der Kohlenstoffsenken-Funktion in der westsibirischen
Kulundasteppe [Ecosystem conversion and its consequences for the carbon sink function in the
West Siberian Kulunda steppe]. In: Grunewald K, Bastian O, Drozdow A, Grabovsky V (eds)
Erfassung und Bewertung von Ökosystemdienstleistungen (ÖSD) – Erfahrungen, insbesondere
aus Deutschland und Russland. BfN-Skripten 373, Bonn, pp 300–319 (in German)

IPCC—Intergovernmental Panel on Climate Change (2014) Climate change 2014: impacts, adap-
tation, and vulnerability. Part A: global and sectoral aspects. In: Field CB, Barros VR, Dokken
DJ, Mach KJ, Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova RC, Girma
B, Kissel ES, Levy AN, MacCracken S, Mastrandrea PR, White LL (eds) Contribution of work-
ing group II to the fifth assessment report of the intergovernmental panel on climate change.
Cambridge University Press, Cambridge

Kalinina O, Krause SE, Goryachkin SV, Karavaeva NA, Lyuri DI, Giani L (2011) Self-restoration of
post-agrogenic chernozems of Russia: soil development, carbon stocks, and dynamics of carbon
pools. Geoderma 162(1):196–206

Komitet po geodezii i kartografii Rossiiskoi Federatsii (KGKRF) (1992) Pochvennaia karta
Altaiskogo Kraia i Respubliki Altai 1986 g., M. 1:200.000 [Soil map of the Altai Territory
and the Altai Republic 1986, scale 1:200.000] (in Russian)

Larionova AA, Rozanova LN, Yevdokimov IV, Yermolayev AM, Kurganova IN, Blagodatsky SA
(2003) Land-use change and management effects on carbon sequestration in soils of Russia’s
South Taiga zone. Tellus B 55(2):331–337

Lal R (2010) Beyond Copenhagen: mitigating climate change and achieving food security through
soil carbon sequestration. Food Secur 2(2):169–177

Meinel T (2002) Die geoökologischen Folgewirkungen der Steppenumbrüche in den 50er Jahren in
Westsibirien. Ein Beitrag für zukünftige Nutzungskonzepte unter besonderer Berücksichtigung
derWinderosion [Thegeoecological consequences of the steppeploughing in the 1950s inWestern
Siberia. A contribution for future usage concepts with special consideration of the wind erosion].
Dissertation, Martin Luther University of Halle-Wittenberg (in German)

Mikhailova EA, Bryant RB, Vassenev II, Schwager SJ, Post CJ (2000) Cultivation effects on soil
carbon and nitrogen contents at depth in a Russian chernozem. Soil Sci Soc Am J 64:738–745

Mikhailova EA, Post CJ (2006) Organic carbon stocks in the Russian Chernozem. Eur J Soil Sci
57(3):330–336

Morkovkin G, Litvinenko Y, Maksimova N (2013) Dynamics of soil cover state and degradation
processes intensity in natural soil zones of the Altai Region. Eurasian J Soil Sci 2(2):97–101

NIC (National Intelligence Council) (2009) Russia: impact of climate change to 2030 a commis-
sioned research report. Joint Global Change Research Institute & Batelle Memorial Institute.
Pacific Northwest Division

NN (1978) Atlas Altaiskogo kraia [Atlas of Altai krai]. Moskva-Barnaul: (in Russian)
Paramonov EG, Ischutin JN, Simonenko AP (2003) Kulundinskaia Step’: Problemy opustynivaniia
[The Kulunda Steppe: problems of desertification]. Altaiskii Gosudarstvennyi Universitet, Bar-
naul (in Russian)

Poeplau C, Don A, Vesterdal L, Leifeld J, Van Wesemael BAS, Schumacher J, Gensior A (2011)
Temporal dynamics of soil organic carbon after land-use change in the temperate zone–carbon
response functions as a model approach. Glob Change Biol 17(7):2415–2427

Ponkina E, Balaev V, Bavorová M, Prischepov A, Meinel T, Buhay Y, Frühauf M
(2014) Economical, ecological and technological factors influencing farming in the con-

https://publications.europa.eu/en/publication-detail/-/publication/bab16047-419a-4aab-81a0-1ddecc280827/language-en


222 M. Frühauf et al.

ditions of Kulunda steppe (Altaj region, Russia). Barnaul. Russia. 140p. (Pon�kina, E.,
Bel�ev, B., Bovapova, M., Ppiwepov, A., Ma�nel�, T., Byga�, �. & Fp�ayf, M.
(2014). �konomiqeckie, �kologiqeckie, texnologiqeckie faktopy i pezyl�taty
de�tel�nocti cel�ckoxoz��ctvennyx ppedppi�ti� v yclovi�x Kylyndincko� ctepi)

Rusalimova O, Savenkov O, Smirnova N, Barshukov P (2006) Soil carbon losses from seasonally-
frozen soils of agricultural ecosystems in West Siberia from the 20th century. In: Hatano
R, Guggenberger G (eds) Symptom of environmental change in Siberian Permafrost Region.
Hokkaido University Press, Sapporo

Schreiner V, Meyer B (2014) Indicators of land degradation in Steppe Regions: soil and morphody-
namics in the Northern Kulunda. In: Müller L, Saparov A, Lischeid G (eds) Novel measurement
and assessment tools for monitoring and management of land and water resources in agricultural
landscapes of Central Asia. Springer, Cham, pp 535–548

Tanasienko AA, Putilin AF, Artamonova VS (1999) Ekologicheskie aspekty erozionnykh prot-
sessov. Analiticheskii obzor [Ecological aspects of the erosion processes. An Analytical
overview], Institute of Soil Science and Agrochemistry. Ekologiia, 55, Novosibirsk, p 98 (in
Russian)

Tchebakova N, Rehfeldt D, Parfenova E (2003) Pereraspredelenie rastitel’nykh zony populiatsii
listvennitsy sibirskoi I sosny obyknovennoi v Srednei Sibiri pri poteplenii klimata [The shift of
vegetation zones of Siberian larch and common pine in Central Siberia through climate change].
Sibirskii ekologicheskii zhurnal 6:677–686 (in Russian)

Titljanova AA (2000) Osvoenie lesostepnoi i stepnoi zon Zapadnoi Sibiri uvelichilo emissiiu
ugleroda [Land reclamation in the forest steppe zone and steppe zone inWestern Siberia increased
the carbon emission]. Stepnoi biulleten’, 8, Novosibirsk. Available at: http://ecoclub.nsu.ru/
books/Step-8/index.htm (in Russian)

UNFCCC (United Nationa Framework Convention on Climate Change) (2006) Handbook. Climate
Change Secretariat, Bonn. ISBN 92-9219-031-8

van der Maarel E, Titlyanova A (1989) Above-ground and below-ground biomass relations in
steppes under different grazing conditions. Oikos, pp 364–370

Walz U, Stein Ch (2014) Indicators of hemeroby for the monitoring of landscapes in Germany. J
Nat Conserv 22(3):279–289

Williams M (2003) Deforesting the earth: from prehistory to global crisis. University of Chicago
Press, Chicago

Zonn IS (1995) Desertification in Russia: problems and solutions (an example in the Republic of
Kalmykia-KhalmgTangch). In: Mouat DA, Hutchinson CF (eds) Desertification in developed
countries. Springer, Dordrecht, pp 347–363

http://ecoclub.nsu.ru/books/Step-8/index.htm


Part II
Socio-economic, Institutional and

Demographic Dynamics Impacting Land
Use in Post-socialist South Siberia



Chapter 15
Socioeconomic, Institutional,
and Demographic Dynamics Impacting
Land Use in Post-socialist South Siberia

I. Theesfeld

Abstract This chapter deals with socioeconomic, institutional, and demographic
drivers, as well as impacts of land use change. A thorough understanding of interre-
lationships between these and ecological and production characteristics is necessary
to make sound recommendations for more sustainable land use practices in Altai
Krai and thus to fight against land degradation.

Keywords Socio-economy · Institutions · Demography · Land Use · South
Siberia

This chapter deals with socioeconomic, institutional, and demographic drivers, as
well as impacts of land use change. A thorough understanding of interrelationships
between these and ecological and production characteristics is necessary to make
sound recommendations for more sustainable land use practices in Altai Krai and
thus to fight against land degradation.

Bavarova et al. inChap. 16 lay the backgroundof various important socioeconomic
and political aspects. The authors first give information on farm structure concerning
cultivated agricultural land in the area, including the numbers and types of operating
farms. This allows a subsequent analysis of the effect of farm types on the adoption
of soil cultivation technologies. Of particular interest is the share of arable land
cultivated by various tillage systems, including no-till and mulch tillage. No-till
systems are regarded as one of the best methods to prevent soil erosion in South
Siberia (see Chap. 24). The authors show that all farm types use a mix of tillage
systems, while stating that around one-quarter of large farms have already shifted to
no-till technology. Yet, the share of large farmswho adopt no-till uses it only on about
20% of their fields. Further Bavarova et al. discuss factors that generally hinder the
introduction of reduced tillage operation from a socioeconomic perspective. Based
on an empirical survey among 92 farms between 2015 and 2016, they highlight that
the most important reason for non-adoption of no-till farming is a necessity for large
investments. The survey further reveals a lack of farmmanagers’ knowledge and thus
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casts doubts onwhether this new technology is suitable for their production condition
when combined with a general perception of expected difficulties in introduction
of no-till technology on their farms. Whereas the first reason points to financial
policy support, the others show the simultaneous need for education and extension.
The study found indications that the small-scale farmers were those needing the
most information on the suitability of this technology for their production system.
Therefore, in the last part of Chap. 16, current policy instruments are presented that
aim at supporting the adoption of innovative agricultural technologies in Altai Krai,
among them a program for farmers to receive subsidies based on interest payments.
Yet, a detailed look on spending these subsidized credits reveals a priority for fuel and
fuel materials, plant protection products, and fertilizers. In general, the authors judge
that regional policy objectives rather focus on a short-term increase in crop production
creating obstacles for adopting long-term sustainable soil cultivation technologies.

Chapter 17 by Ponkina et al. takes up the analysis of the role of the legal forms
of agricultural farms and their impact on plant production efficiency. The authors
investigate if the assumed dependency of the performance of agricultural enterprises
on the legal form can be found in the Altai context as well. A higher technical
efficiency goes in line with better profitability of farms and thus the willingness
for long-term investments, such as introducing soil protection measures. Based on a
statistical dataset of 211 agricultural organizations (period 2008–2012), representing
9% of all agricultural enterprises in the Kulunda region, Ponkina et al. show the
crucial role of agricultural production cooperatives. Although their total number
is decreasing and their technical efficiency of plant production is lower compared
to noncooperative management forms, they can play a key role when it comes to
sustainable land management. Agricultural production cooperatives do still hold a
large share of land and fulfill social functions in the rural area, both aspects not to be
underestimated. Likewise, they can provide the function of providing public goods
in the rural areas, including introducing soil cultivation techniques that in turn could
mitigate climate change.

Questioning who holds the land in ownership or tenancy, which is cultivated in
South Siberia, the next Chap. 18 gives the range of the current land tenure system.
Based on property rights theory, Fadeeva and Soliev assume that establishing a secure
and clear land tenure system is detrimental for long-term investment. Likewise, a
functioning land market for tenancy could provide more security with more long-
term contracts, in contrast to the current practices that encourages less than a year
commitment, described by the authors. In general, the authors find that the land
market is not well developed yet.

Chapter 18 presents the various steps of Russia’s land reform and the current
land reform implementation failures at various administrative levels. Complications
in registering titles and lease agreements and the weakening of the state’s role in
controlling the proper use of land resources are outlined. If formal reforms are not
implemented and administeredwell, Fadeeva and Soliev point out that informal (non-
contractual lease relations) can be expected to fill the vacuum. Likewise, the struggle
over officially unclaimed land shares has intensified. This insecurity in tenure rights,
because of its unfavorable impact on long-term investment, hinders the adoption of
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technical innovations such as soil conservation tillage systems. Particularly,measures
against soil degradation or in favor of humus accumulation in the soil will only be
considered by farm managers who perceive either their use rights as secure in the
long term or possess guaranteed ownership titles by the state.

Further, the land redistribution fund as a particular common tenure system in post-
socialist Russia plays a particular role also in the Kulunda region. Land registered
under this fund can be rented with favorable conditions from the district adminis-
tration, yet without special requirements for preserving topsoil or protecting against
erosion. This, however, indicates to leverage in possession of district administrations
that could be deployed for introducing land conservation requirements as part of
lease and sale agreements.

Another institutional perspective on land use is provided in Chap. 19. Theesfeld
and Jelinek check current agricultural land protection policies for their implemen-
tation capacity. Besides insufficient monitoring and controlling mechanism, also
particular forms of property rights such as open access (the traditional free accessi-
bility of any plot) can lead to non-suitable institutional arrangements of command-
and-control nature. The main point in considering the institutional factors of policy
implementation jointly is, however, as presented by Theesfeld and Jelinek, that if a
command-and-control policy cannot be administered and monitored, it has to rely
on voluntary commitment. If, however, the aim of the policy is not known to the
target group—that is, the farm manager—or does not fit to their value and belief
system concerning, for instance, their perception on the aesthetics of cultivated land,
they will not comply with the new regulation. Theesfeld and Jelinek exemplify this
with the help of the procedure of institutional compatibility analysis for the ban on
crop-residue burning. They show that voluntary and advisory measures might be
more cost-efficient and effective policy measures in reaching the aim of sustain-
able land management. Yet, it might be difficult in the current tradition of Russia’s
environmental policy.

In Chap. 20, first Bykov et al. look at the general demographic and migration
processes in the Kulunda region by contrasting the various districts. The declin-
ing population is a central driving factor in the area’s socioeconomic development,
particularly in relation to the availability of skilled labor for the modernization of
agriculture. It is likewise linked to the attractiveness of a region, which again has
implications on the willingness for long-term investments of the current farm man-
agers. Bykov et al. do also provide information on the population’s age structure
across individual districts. The major share of the mobile population is leaving the
Kulunda region in favor of other regions in Russia, many of them to Barnaul. Inter-
national outmigration of ethnic Germans and at the same way incoming migrants
from Central Asian states is outlined by the authors as well. In almost all districts
in the area, there is a negative migration balance of young people, the most crucial
group if we think of long-term sustainable development of farms with well-educated
young people trained in more sustainable cultivation measures.

Nikulin et al. in Chap. 21 focus on the possibility of Kulunda to become a learning
region, where the link between ecology and efficiency should be the leading idea
for development. The authors discuss various possible mechanisms of knowledge
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transfers related to new technologies for agricultural production, first of all within the
educational system in the region. Nikulin et al. suggest even concrete measures such
as the promotion of most distinguished farmers, supporting business organizations,
facilitating networking, and finally integration of ecologically oriented views into
educational programs. As a background, the authors summarize key data on the
agricultural and forestry sector and demonstrate shortage of qualified labor force as
one of the most hampering factors for both sectors’ development.

Nikulin et al. do likewise give information on indicators of residents’ living stan-
dards, such as the condition of housing and infrastructure (heating and water supply,
as well as school system and health care). A particular focus of this contribution lays
on the cultural institutions, such as rural libraries or cultural centers facing a hard
time to continue offering their public services. The cultural centers and clubs, facing
severe financial challenges, would be particularly important in letting social capital
and collective action evolve. All these are connected to the willingness of people to
stay in the region. Particularly, the authors highlight that social infrastructure would
be required to build human capital for agricultural development. Yet, there is one
particular reason for why better educated young people usually leave the area—for
other jobs, which are not agricultural.

Social capital is regarded as an engine behind innovation-driven development,
discussed in Chap. 22 by Sergienko. She highlights three aspects: the attitude toward
innovation, the readiness to adopt innovation, and the availability and accessibility
of knowledge transfer channels in the Kulunda region. Empirical data (based on
surveys conducted from 2000 to 2016) show that the opportunities for adopting new
land use technologies are perceived by local people to depend on availability of
credit mechanisms, but likewise of skilled labor force and the motivation of young
people to work in agriculture. Sergienko highlights the potential of new channels for
knowledge transfer to increase the adoption of land use innovation.

This chapter has shown socioeconomic, institutional, and demographic dynam-
ics, that is configurations of the social and institutional environment that provide
intermingled hampering and facilitating factors in the implementation of land use
policies. In this environment, actors make their decisions for or against adopting
new soil conservation measures that would not only reduce soil degradation but also
mitigate climate effects.

On the one hand, there are hampering socioeconomic factors for long-term ori-
ented investments such as regional policy objectives which focus on a short-term
increase in crop production, or insecurity in tenure rights due to short-term lease
contracts. Outmigration of young people and the demographic trends provide two
additional problems: First, the labor force basis for agricultural farms is diminishing;
and second, the declining population makes the region even less attractive for those
who might be willing to stay and invest long term.

On the other hand, there are promising ideas and opportunities: easy to be devel-
oped once such as the need to explain the suitability of minor tillage operation to
farmers or to make environmental friendly farming as a condition to rent land from
the land redistribution funds. More demanding ones are eliminating inconsistencies
in the land reform creating conflicting incentives and loopholesmaking less powerful
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smaller farmers vulnerable to inequitable outcomes, as well as strengthening agri-
cultural production cooperatives in their role of providing public goods, including
measures for more sustainable land use.

There are special conclusions which can be drawn from the studies collected
under this chapter for political and administrative actors in South Siberia where
monitoring and controlling turns out to be largely ineffective or includes prohibitive
high administrative transaction costs. Either way, one has to rely on the voluntary
commitment which needs a basis of well-educated and knowledgeable farmers, or
there should be a direct shift toward more voluntary-based policy measures such as
supporting education and advisory service in reaching the aim of sustainable land
management.
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Abstract The main aim of this chapter is to provide an overview of the current
developments in agricultural production in Altai Krai. First, the structural change
ongoing in the last decade is presented. In this part, the importance of farm types
is presented. This part is based on statistical data from the region. Second, current
plant production practices the farmers are using are described based on a survey
from 2016. We provide insight into the tillage technologies and crop rotations used
as well as into the use of fertilizers and herbicides. We present this information
separately for different farm types to be able to analyze the effect of farm types on
the plant production technology. Furthermore, we provide and discuss the factors
that—according to farmers—hinder the introduction of reduced-till technologies. In
the last, third part of this chapter, we present the policy goals on the federal and
regional levels and the main instruments for supporting the adoption of innovation
technologies in the Altai Krai agriculture.
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16.1 Farm Types and Farm Structure

The first subchapter is devoted to the description of farm types. Regarding their form,
there are four main types of farms in Russia: (1) agricultural organizations (AO), (2)
private (peasant) farms (PF), (3) individual entrepreneurs (IE), and (4) subsidiary
household farms (SHF). PF and IE are considered as very similar type of enterprises
and thus described together.

The status of a legal entity, provided according to the Civil Code of the Russian
Federation, characterizes enterprises’ requirements for accounting and tax policies.
There are 781 registeredAO inAltai Krai. TheAO cultivate the largest share of arable
land of Altai Krai (3309 thousand ha) (ROSSTAT 2016). A single AO cultivates in
average 4237ha arable land. For amore detailed analysis of agricultural organizations
as a legal form of agribusinesses split up into agricultural production cooperatives
(APC) and non-cooperative forms (LLC and JSC), see Chap. 17. A total number of
2031 registered PF and IE utilize 2016 ha arable land, and the average cultivated area
of arable land is 993 ha per enterprise. The 454,500 SHF cultivate 68.7 thousand ha
arable land. The average area a single SHF cultivates is 0.15 ha (Table 16.1).

The share of arable land cultivated by the AO has decreased from 74.6% in 2006
to 61.4% in 2015 (Table 16.2). Opposite to it, the land cultivated by PF&IE has
increased from 24.0% to 37.4% in the same time period. The share of arable land
of SHF has nearly not changed in the considered period and achieved 1.3% in 2015.
The grain farming belongs to the largest sectors of the agro-industrial complex of
the Altai region. 62.4% of the total grain was produced by AO and 37.6% by PF&IE
in 2015. The SHF produced with 82.8% the major share of potatoes and vegetables
in 2015.

16.2 Plant Cultivation Practices

In the second subchapter, we provide information on the plant production technolo-
gies—especially to the soil cultivation technologies—used in the Altai Krai (after
Bavorova et al. 2018). Our dataset was gathered through face-to-face questionnaire

Table 16.1 Farm types and arable land cultivated in Altai Krai in 2015

AOa PF&IE SHF

Number of agricultural enterprises 781b 2031b 454,500d

Arable land cultivated (thousand ha) 3309c 2016c 68.7c

Average arable land (ha/enterprise) 4237 993 0.15

aAO—agricultural organizations, PF—private (peasant) farms, IE—individual entrepreneurs,
SHF—subsidiary household farms
Source bCentral Agricultural Administration in Altai Krai (2015); cROSSTAT (2016);
dROSREESTR (2015)
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Table 16.2 Share of arable land (%) cultivated by different farm types between 2006 and 2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

AOa (%) 74.6 71.8 70.5 69.6 69.8 68.8 68.5 66.6 63.8 61.4

PF&IE (%) 24.0 26.9 28.2 29.1 28.8 29.9 30.1 32.1 34.9 37.4

SHF (%) 1.4 1.3 1.3 1.3 1.4 1.3 1.4 1.3 1.3 1.3

aAO—agricultural organizations, PF—private (peasant) farms, IE—individual entrepreneurs,
SHF—subsidiary household farms
Source ROSSTAT (2016)

survey. A total of 107 farms were interviewed between February 2015 and July
2016. We divided the farms into three groups according to their arable land size:
small (<2000 ha), medium (2000–8000 ha), and large (>8000 ha). The smallest farm
in the sample is 400 ha, and the largest farm is 26,242 ha. The sample consisted of 40
small farms, 37 medium, and 30 large farms dispersed around the Altai Krai. When
selecting the farms, our objective was to have at least one large and medium or small
farm from each rayon (i.e., district) in our sample. We closely achieved this aim as
we covered 52 out of the 59 rayons in Altai Krai (Bavorova et al. 2018).

16.2.1 Crop Rotation and Yields

Table 16.3 depicts the share of crops cultivated by the farms in 2015 (Bavorova
et al. 2018). Across all farm sizes, the main crop produced was wheat. In addition
to wheat, the small- and medium-sized farms produced mainly buckwheat (18.3 and
20.8%) and pulses (8.1 and 8.9%, respectively). The highest share of crops cultivated
by large farms after wheat was sunflower (14.7%), buckwheat (10.1%), and pulses
(5.1%) (Bavorova et al. 2018).

Table 16.4 provides information on the average yield of spring wheat for all farms
and for the three groups of farms over the period 2011–2015. In general, the average
yield of springwheatwas highly volatile,with theminimumaverage yield (11.1 ct/ha)
in 2012 and the maximum average yield (15.2 ct/ha) in 2015. When we consider the
difference between the farm sizes, we observe that the yield increased by 9.8% and
12.4% in the case of small- and medium-sized farms, respectively, from 2011 to
2015. Furthermore, the results from 2015 show that the highest yield occurred in
the medium-sized farms (17.2 ct/ha), followed by small (14.5 ct/ha) and large farms
(13.8 ct/ha).
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Table 16.3 Average share of crops on arable land (2015)

Crop Average share of crops (%)

Farms’ size

Small <2000 ha (n =
40)

Medium
2000–8000 ha (n =
37)

Large >8000 ha (n =
30)

Wheat 56.8 M 43.9 S, L 56.7 M

Buckwheat 18.3 L 20.8 L 10.1 S, M

Sunflower 3.7 L 4.8 L 14.7 S, M

Vegetables 2.6 2.9 0.3

Pulse (beans,
soybeans, etc.)

8.1 8.9 L 5.1 M

Fallow (chemical) 1.1 1.1 1.6

Fallow (mechanical) 6.8 7.4 L 4.5 M

Other 3.1 M 9.3 S 5.9

S, M, and L depict statistically significant difference in means between subsamples of enterprises
(S different to small,M different to medium, and L different to large farms), (t-test; p value = 0.1)
Source Adopted from Bavorova et al. (2018)

Table 16.4 Average yield (ct/ha) of spring wheat (2011–2015)

Year 2011 2012 2013 2014 2015

Average yield, all farms (ct/ha) 14.0 11.1 14.4 13.4 15.2

Average yield, small farms(ct/ha) 13.2 10.9 12.9 12.5 14.5

Average yield, medium farms (ct/ha) 15.3 12.3 15.3 16.6 17.2

Average yield, large farms (ct/ha) 13.5 10.0 15.1 12.3 13.8

Source Own survey, 2016; small farms (<2000 ha) n = 40, medium (2000–8000 ha) n = 37, large
(>8000 ha) n = 30

16.2.2 Soil Cultivation Practices

Table 16.5 presents the different soil cultivation practices as used by farms. In the
survey, farm managers indicated the share of arable land on which they use fol-
lowing tillage systems: no-till (without tillage), mulch-tillage (8–10 cm cultivation
depth), min-till (14–16 cm), and intensive tilling technology (20–22 cm and more).
In Table 16.5, we present the share of farmers, who use the given technology. Most
of the farms mix different tillage systems at their farms (Bavorova et al. 2018).

Regarding the share of farms that use the given cultivation practices, we may
see that the highest share of small and large farms use mulch-tillage, followed by
deep cultivation and min-till technologies. Although most medium-sized farms use
mulch-tillage, the next most often applied technology is min-till and it is followed
by deep cultivation and “until 8 cm” cultivation. Another interesting point is that
compared to small (5.4%) and medium farms (10.8%), a larger share of large farms
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Table 16.5 Soil cultivation practices of farms (2015)

Groups Farm size No-till Until
8 cm

Mulch-
tillage
(8–10 cm)

Min-till
(14–16cm)

Intensive
(20–22cm
and more)

Other

Share (%)
of farms
who use
the tech-
nology

Small 5.4 32.4 67.8 32.4 35.1 2.7

Medium 10.8 35.1 83.8 43.2 40.5 0.0

Large 40.0 30.0 63.3 46.7 66.7 6.7

Source Adopted from Bavorová et al. (2018); small farms (<2000 ha) n = 40, medium
(2000–8000 ha) n = 37, large (>8000 ha) n = 30

Table 16.6 Assessment of perspectives of no-till technology in the region by farmers (2016), %

Range Very good
(%)

Good
(%)

Fair (%) Poor (%) Very poor
(%)

Difficult to
answer (%)

Total 1.0 8.7 38.5 16.3 7.7 27.9

Small 0 2.6 44.7 13.2 5.3 34.2

Medium 0 8.3 36.1 22.2 16.7 16.7

Large 3.3 16.7 33.3 13.3 0 33.3

Source Own survey, 2016; small farms (<2000 ha) n = 40, medium (2000–8000 ha) n = 37, large
(>8000 ha) n = 30

use no-till technology (40.0%) on some share of their land. Among the most popular
soil cultivation practice counts mulch-tillage, mostly medium-sized farms are active
(83.8%), followed by small (67.8%)- and large-sized (63.3%) farms. It is also worth
to mention that large farms are the most active users of intensive cultivation system
(66.7%).

The results of the survey regarding to the question “How do you assess the per-
spectives of no-till technology in your region?” show thatmost of the farmers selected
the answer “fair” (38.5%) and “difficult to answer” (27.9%) (Table 16.6). The assess-
ment as “very good” and “good” is very low. The farmers who think that no-tillage
system is “good” are mostly observed among large-size farms (16.7%), followed
by medium (8.3%)- and small (2.6%)-sized farms. When we look at which farmers
chose the answer “difficult to answer,” we see that mostly small (34.2%) and large
(33.3%) farm managers had difficulties in assessment of perspectives of no-tillage
technology in their region.

16.2.3 Reasons for not Using No-Till Technology

As mentioned above, most farmers do not use the no-till soil cultivation practice
(Table 16.5). Because agronomists recommend no-tillage system as one of the best
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methods to prevent soil erosion in the region (Dammann et al. 2011), we looked for
the reasons preventing farm managers to use this soil cultivation system (Table 16.7)
(Bavorova et al. 2018).

One of themost important reasons named is that to implement no-till, large invest-
ments are required. The high investments are perceived to be an adoption barrier
especially by small farms’ managers (83.8%). Difficulty to get a loan for no-till
technology is important barrier especially for small farmers (33.3%). No subsidies
and (lack of) special programs of state support are seen as (very) important rea-
son of non-adoption of no-till reported especially by large (43.8%) and small farms
(35.5%). More than 50% of all interviewed farm managers state that the fact that
the positive effects of no-till technology takes too long to materialize, prevents them
from adoption. Especially small farm managers (74.2%) see this fact as a significant
no-till adoption barrier.

The majority of farm managers are not sure if the no-till technology is suitable
for their production conditions. In particular, managers of small farms considered
this reason of non-adoption as important or very important (97.2%), followed by
the managers of large farms (80.0%) and managers of medium-sized farms (77.4%)
(Bavorova et al. 2018). A number of farm managers agree that it is difficult to intro-
duce the no-till technology at their farms. A total of 65.7% of small farm managers,
60.0% of large farm managers, and 36.7% of medium-sized farm managers consid-
ered this reason as important or very important for non-adoption (Bavorova et al.
2018). Farm managers evaluated the current soil cultivation systems as no worse
than no-till. This reason was important or very important for non-adoption of no-till,
especially for managers of small farms (91.7%) and medium-sized farms (73.3%)
followed by large farms (60.0%) (Bavorova et al. 2018).

16.3 Framework of Agricultural Policy in Altai Krai’s
Agriculture

This subchapter presents the agricultural policy framework and describes the most
recent implementation of the programs in the Altai Krai. The basic laws which reg-
ulate the agricultural policy framework of the Russian Federation include the Fed-
eral Law “On Development of Agriculture” (Fedepal�ny� zakon “O pazvitii
cel�ckogo xoz��ctva” N 264-Fz) from December 2006. It is regulating the prin-
ciples of public support to the sector and the retaliation of special (initially) five-
year state programs in agriculture. One major objective of the Russian agricultural
policy aims at increasing the domestic production of a range of food products up
to certain thresholds defined in the 2010 Doctrine on Food Security (Doktpiny
ppodovol�ctvenno� bezopacnocti) (OECD 2013). Most thresholds are close to
the level of self-sufficiency. Further objectives relate to a sustainable development of
rural areas, an improvement of rural population’s living conditions, the enhancement
of domestic agricultural products’ competitiveness as well as a better environmental
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performance of agriculture. The policy instruments directly affecting the formation
of agricultural prices largely protect livestock products and sugar but tend to (tem-
porarily) tax-exportable goods like grains and oilseeds. Direct payments have been
mainly directed toward livestock products. Additionally, concessional credit forms
the most important measure of agricultural support and represents one of the largest
budgetary transfers. Farmers can receive subsidies on interest payments, which have
to be co-financed from federal and regional budgets, as well as subsidies for variable
inputs. Finally, area payments gained in importance with the new state program. In
recent years, all agricultural policy-related support to producers can be classified
as “coupled support” following the definition of the OECD. That is, in order to be
eligible for direct payments farmers have to produce the products of interest.

The agricultural policy framework for Altai Krai’s agricultural producers is devel-
oped at two different policy levels. Agricultural policy is formulated at the level of
the federal government and at the level of the Altai Krai. Both governments publish
medium-term programs which will be implemented by central and regional author-
ities. Regions in Russia adjust their requirements on federal programs, which have
the power of laws. Accordingly, all budget regulations adopted in federal programs
have to be realized, whereas border measures and market interventions fall under the
exclusive responsibility of the federal government, and other measures have to be
implemented by provincial governments, often involving co-financing commitments.

The most recent state program for development of agriculture
(“Ppogpamma pazviti� cel�ckogo xoz��ctva i pegylipovani� pynkov
cel�ckoxoz��ctvenno� ppodykcii, cyp�� i ppodovol�ctvi� na 2013–2020
gody”) was adopted by the central government for the period 2013–2020. The
overall financial volume of the program is subject to annual revisions due to the
formation of the federal and regional budgets for the next year. According to
OECD (2016) calculations, support for agriculture from public sources amounts
to 0.93% of the Russian Gross Domestic Product (GDP). Over the eight-year
period 2013–2020, financial resources from all sources are estimated to be 2498
billion Rubles. The largest share of it, 61%, is provided from the federal budget,
followed by the provincial budgets (31%) and private sources (8%) (OECD 2013).
The federal program contains six subprograms such as crop and livestock sector
development, meat cattle breeding, small-scale farming, technical and technological
modernization, and outlays for the state program’s implementation. Furthermore,
two so-called federal target programs are part of the federal agricultural policy
framework.

From the perspective of sustainable land use, the target program on land improve-
ment («O Fedepal�no� celevo� ppogpamme (“Coxpanenie i vocctanovlenie
plodopodi� poqv zemel� cel�xoz naznaqeni� i agpolandxaftov kak
nacional�nogo docto�ni� Poccii na 2006–2010 gody i na pepiod do 2013
goda”) is of special interest. This previously separated program finished in 2013.
Similar measures, mainly focusing on melioration, have been now integrated into
the 2013–2020 state program.

The main recent agricultural program for Altai Krai is called “Development of
Agriculture in Altai Krai in 2013–2020” (Dolgocpoqna� celeva� ppogpamma
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Fig. 16.1 Financing of Altai Krai’s agricultural program 2013–2020. Source Administration of
Altai Krai (2012), pp. 18–19

“Pazvitie cel�ckogo xoz��ctva Alta�ckogo kpa�” na 2013–2020 gody). In
the regional program, there are four subprograms such as crop development, live-
stock development, support of small-scale farms as well as technological modern-
ization and innovational development of the agro-industrial complex. The financial
resources initially foreseen for the period 2013–2020 reach 44.3 billion Rubles. The
overwhelming majority of the financial resources have been allocated to the first
two subprograms. However, whereas the subprograms on crop and livestock devel-
opment are largely covered by federal contributions (87 and 82%), the subprogram
technological modernization relies heavily on regional finances (94%) (Adminis-
tration of Altai Krai 2012). The distribution of funding from federal and regional
budgets across the four subprograms is shown in Fig. 16.1.

At the level of the Altai Krai, the federal policy objectives translate into regional
objectives to increase crop production by 25% until 2020. This goal is supported
by precise production targets for grain, sunflower, sugar beet, potatoes, and flax as
well as for livestock products. Within the subprogram “Development of crop sub-
sector,” the regional government provides funds to realize two different tasks. The
first task comprises measures to increase crop production, credit subsidies, and sub-
sidies for crop insurance. Out of the financial resources planned for the subprogram
crop sector development, 90% have been allocated to this first task. The execution
of the plan reported for 2015 reveals that per hectare subsidies (52.3%) and subsi-
dies for compensation of interest rates on loans (41.4%) continue to represent the
main areas of support in the subprogram crop production. On average, 2541 agricul-
tural producers and enterprises received 298 Rubles per ha in 2015. However, the
amount varies from district to district and ranges from a minimum of 159 Rubles/ha
(Bystroistoksky raion) to a maximum of 581 Rubles/ha (Nemetsky national raion).
A more detailed look at the spending behavior of Altai farmers benefiting from sub-
sidized short-term loans reveals that fuel and fuel materials (43%), plant protection
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products (20%), and fertilizers (10%) represent the most prominent items (Central
Agricultural Administration 2016).

The second task, for which the remaining 10% of finances are foreseen, includes
rather diverse measures like support for elite seed development, the protection and
restoration of soil fertility, and support for the horticultural sector. From the perspec-
tive of the Kulunda project, the support for the plantation of wind strips is of special
relevance. The plan foresees the realization of plantations on 9900 ha and plans a
total financial support of 495 mio Rubles (Administration of Altai Krai 2012). In
the year 2014, 891 thousand Rubles and in the year 2015, 417 thousand Rubles have
been spent on planting wind strips in Altai Krai. The funding in both years has been
to a large extent provided by the Krai’s budget (718 thousand Rubles) and so-called
non-budgetary sources (417 thousand Rubles) (Central Agricultural Administration
2016).

From the perspective of a sustainable and location-specific land management,
the current policy framework carries potential conflicts. Obviously, the dominating
focus is on short-term production goals instead of the long-term preservation of soil
resources. Coupled direct payments for grain production increase farmer’s opportu-
nity costs to convert arable land into grassland at places where such a measure would
be preferable due to soil erosion. Furthermore and with the exception of support to
wind strip plantation, nomeasures aim at providing direct incentives to diversify crop
rotation or to monitor soil indicators such as humus content. The implementation of
the framework by local authorities plays an important role in determining precise
incentives faced by farmers.
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Chapter 17
Effect of Legal Form of Agricultural
Organizations on Plant Production
Efficiency in Russia: The Case
of Kulunda Steppe

E. V. Ponkina, M. Bavorová and S. V. Lobova

Abstract During the transitional period since 1992 until today, many transformed
and new legal forms of business were established in Russia. The main objective
of this chapter is to analyse the effect of legal form of agricultural enterprises on
efficiency of crop production in the Kulunda Steppe in Altai Krai in 2008–2012. We
analyse statistical data collected throughmonitoring of agricultural enterprises by the
Main Department of Agriculture in Altai Krai. Results of data envelopment analysis
(DEA) show lower efficiency of plant production of agricultural organizations with
cooperative legal forms (APC) compared to non-cooperative forms (LLC and JSC).
The analysis identifies differences in use of human resources and in plant production
intensification.

Keywords Legal form · Crop production · Efficiency · Data envelopment
analysis · Agricultural productive cooperative

17.1 Introduction

In the planned economy, the main legal forms of agricultural enterprises in Russia
were collective (kolkhoz) and state (sovkhoz) farms both in state ownership. In 1990,
in theAltai region, therewere 686 agricultural enterprises, 226 of themkolkhozes and
460 sovkhozes, using in total 12,653 thousand hectares of agricultural land (Tsarev
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et al. 1997). The average size of enterprises achieved up to 18.4 thousand hectares
of agricultural land, with an average arable land of 5.8 thousand hectares.

During the reforms in 1991–1997, the legal forms of agricultural enterprises were
transformed and new enterprises were established through restructuring of kolkhozes
and sovkhozes. The state properties were partially privatized and transformed enter-
prises based on private, public, municipal and mixed forms of ownership.

The transformation of kolkhozes and sovkhozes resulted in the following main
legal forms of agribusinesses: (a) “Aktsionernoe obshchestvo”—joint stock company
(JSC); (b) “Tovarishchestvo s ogranichennoi otvetstvennost’iu”—limited liability
partnership, which later became “Obshchestvo s ogranichennoi otvetstvennost’iu”—
limited liability company (LLC); (c) “Selskokhozyaistvennyi proizvodstvennyi
kooperativ”—agricultural production cooperative (APC); (d) “Krest’ianskoe (fer-
merskoe) khoziaistvo”—private (peasant) farm (PF); (e) “Individualnii predprin-
imatel”—individual entrepreneur (IE). Furthermore, “Lichnoe podsobnoe khosi-
aistvo”—subsidiary household farm (SHF) gained on importance (see also Chap.
16).

The development of family farms was limited particularly because of unwilling-
ness of the population to run business independently. At the beginning of the reforms,
only 10–15% of rural residents expressed a desire to own a farm (Chernyakov 1999;
Serova 2016).

The agribusinesses of different legal forms in Russia differ in particular in owner-
ship concentration, production management and decision-making, profit allocation
and liability (Appendix 14.1). Based on the differences in legal forms, the effect of
legal form on performance of agricultural enterprises may be expected (Jones 1998;
Jones and Kalmi 2012; Kapelushnikov 2001; Chaddad 2014; Lerman et al. 2016).
The comparison of technical efficiency for the corporate and cooperate farms was
studied for example in Czech Republic for 1996–1998 (Curtiss 2002).

With a large number of proprietors in an enterprise for example, the management
structure is more complicated and it is necessary to implement procedures to har-
monize decisions and resolve conflicts of interests. This increases the transaction
costs. The main differences in management are prevalent between the cooperatively
owned agricultural organizations (APCs) and the other types of agricultural enter-
prises (JSCs, LLCs and PFs). The completion for leadership in APC leads to the need
to create conditions that meet the needs of APC members but which often results in
uneconomic decisions. In addition, APC is characterized by a high degree of social-
ization of the production results, which leads to the alienation of workers from the
results of their work, although they may be co-owners. The main disadvantage of
APC is that in practice it is difficult to attract direct investments, to sell the shares
and to receive loans.

The effect of legal forms of agricultural enterprises on profitability and pro-
ductivity was studied in Russia in the past in particular in the Nizhny Novgorod
region (Altuhov and Rassadin 2015), Tambov region (Minakov 2015), Omsk region
(Marakaeva and Scherba 2016), Belgorod region (Belchenko 2012) and Stavropolsky
Krai (Didienko 2004). However, there is no recent research on the effect of legal form
on technical efficiency of agricultural organizations in Altai Krai, the most important
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agricultural region in Siberia. A higher technical efficiency goes in line with better
profitability of farms and thus the willingness for long-term investments, including
soil protection measures. To close this gap, the main objective of this chapter is to
analyse the effect of legal form of agricultural enterprises (APC, LLC and JSC) on
technical efficiency of crop production in the Kulunda Steppe in Altai Krai.

Quantitative evaluation of business efficiency is based on the ratio of final results
(outputs) and costs (inputs). One of the approaches to comparative analysis of pro-
duction efficiency of different economic entities is frontier approach developed by
Debreu (1951) and Farrell (1957), who identified the category of overall efficiency
and its decomposition into allocative (AE) and technical efficiency (TE). In line with
this approach, efficient business provides the most productive generation of multiple
outputs through the use of multiple inputs (Green 1993; Murillo-Zamorano 2004).

To assess TE, different nonparametric and parametric methods can be used, the
most popular of which are Data Envelopment Analysis (DEA) (Charnes et al. 1978;
Banker 1984; Deprins et al. 1984) and Stochastic Frontier Analysis (SFA) (Aigner
et al. 1977; Battis and Coelli 1992; Green 1993). The DEA method used in this
work is widely applied in studies of technical efficiency of agricultural enterprises
(Abtania et al. 2012; Hassanov and Nomman 2011; Houshyar et al. 2010; Svetlov
and Hockmann 2009; Murthy et al. 2009; Wadud and White 2000). We use DEA as
it does not require finding a functional form depending on the production function
and allows the use of multiple inputs and outputs.

The analysis of crop production efficiency in enterprises of cooperative form of
management (APC) and themost common non-cooperative form (LLC and JSC)will
identify the most efficient legal form of plant production under current conditions.

After the introduction, in the second part of the chapter, we describe the region of
our interest. The third part of the study presents the used methodology and the data
set. In the fourth part, we provide results of measuring technical efficiency. In the
fifth part, we discuss the results, and in the last, sixth, part, we derive conclusions.

17.2 Description of the Region

Out of 2812 enterprises in the Altay Krai in 2015, 2031 (72%) had the legal form
of private (peasant) farm (PF) or individual entrepreneur (IE), 543 (19%) of limited
liability company (LLC), 150 (5%) of agricultural production cooperative (APC),
60 (2%) joint stock companies and 28 others (Table 17.1). The number of APCs
decreased by 53 enterprises from 2012 to 2015. The comparison of different legal
forms in Russia is provided in Appendix 14.1. On the territory of Kulunda Steppe,
which is a part of Altai Krai, the structure of agricultural enterprises is similar to the
one of the region (REESTR 2012).

Agricultural organizations (LLC, JSC and APC) play an important role in agri-
cultural production in the Altai Krai. They cultivated 61.4% of the arable land in the
region in 2015. PF and IE cultivated 37.4% of the arable land in 2015 (ROSSTAT
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Table 17.1 Agricultural enterprises’ structure, Altai Krai, Kulunda, 2012 and 2015

2012 2015

Altai Krai Kulunda Altai Krai Kulunda

Number % Number % Number % Number %

Agricultural
enterprises,
total

2896 100 1914 100 2812 100 1802 100

of which:

APC 203 7 121 6 150 5 80 4

LLC 661 23 388 20 543 19 293 16

JSC 90 3 48 3 60 2 30 2

PF&IE 1908 66 1350 71 2031 72 1381 77

Other 34 1 7 0 28 1 18 1

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company
(JSC); private (peasant) farm (PF); individual entrepreneur (IE)
Source Calculated by authors on the basis of data from REESTR of agricultural enterprises in Altai
Krai (REESTR 2012–2015)

2016). The share of arable land cultivated by different farm types between 2006 and
2015 is presented in Chap. 16.

Climatic conditions of the crop production are instable in Kulunda Steppe. The
past 15 years have seen two extreme periods that significantly affected the crop yield.
In 2009, there were favourable climatic conditions that resulted in high yield of grain
crops. The average yield of wheat achieved 1.5 t/ha. High yield in the region during
that period led to grain price decrease. Price dropped from 5512 roubles per ton in
August 2009 to 4309 roubles per ton in December 2009. Price falling continued until
June 2010, when it reached 3398 roubles per ton (Grain-Online 2014). Otherwise, in
2012, the region suffered a drought that resulted in reduced crop yields. The average
yield of spring wheat in Kulunda amounted to 0.7 t/ha. The fall in grain harvest
resulted in a price increase on the market. The price of wheat in July 2012 was
5921 roubles per ton and in December 2012 increased up to 8499 roubles per ton
(Grain-Online 2014).

17.3 Methodology

17.3.1 Data set

The statistical data collected by theMain Department of Agriculture of Altai Krai for
the period of 2008–2012were used for the analysis. From the total of 211 agricultural
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organizations (LLCs, JSCs and APCs) in the database, 150–174 farms (depending
on the year) specialized in cultivation of spring wheat and sunflower were selected.
The data obtained are independently generated samples for each year of study and
cannot be treated as panel data. Enterprises cultivating sugar beets were excluded.
The reasonwas that sugar beet cultivation has a significant impact on the crop rotation
and on the structure of production costs. In order to improve the uniformity of the
sample and form a “thick” efficiency frontier, we excluded abnormal objects that are
significantly different by the indicators of yield, price and total costs per hectare of
cultivated area. The proportion of PFs in the sample the statistical data are collected
for is insignificant (3–4 enterprises); it is due to the fact that most PFs provide
accounting information in very simplified form. Therefore, PFs were excluded from
our analysis.

Businesses in the sample cover 9% of the total number of agricultural enterprises
in the territory ofKulunda (59%ofAPCs, 18%ofLLCs and 63%of JSCs) (2012 data)
located in 21 districts (out of 32). In 2012, the area of agricultural lands covered by
the enterprises amounted to 1750 thousand hectares of which 1345 thousand hectares
are classified as arable land (Table 17.2) (39% of the total area of the arable land in
Kulunda). According to the volume of crop output, the sample covers 33% of crop
production and 34% of sunflower production in Kulunda.

Table 17.2 Sample description, Kulunda, Altai Krai, 2008–2012

Units 2008 2009 2010 2011 2012

Number of enterprises, total Number 150 168 172 169 174

of which:

APCs Number 62 67 71 62 71

LLCs Number 60 73 69 75 69

JSCs Number 24 25 28 28 30

Agricultural land th. ha 1397 1530 1612 1529 1750

of which:

APCs th. ha 597 670 710 592 727

LLCs th. ha 407 489 476 504 560

JSCs th. ha 368 359 399 403 432

Arable land th. ha 1092 1176 1240 1202 1345

of which:

APCs th. ha 470 508 543 450 540

LLCs th. ha 318 393 368 422 454

JSCs th. ha 279 264 304 300 324

Size of farm (by arable land) th.
ha/farm

7.3 7.0 7.2 7.1 7.7

(continued)
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Table 17.2 (continued)

Units 2008 2009 2010 2011 2012

of which:

APC th.
ha/farm

7.6 7.6 7.7 7.3 7.6

LLC th.
ha/farm

5.3 5.4 5.3 5.6 6.6

JSC th.
ha/farm

11.6 10.6 10.9 10.7 10.8

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company
(JSC)
Source Authors’ calculation

17.3.2 Sample Description

According to the land, JSCs are largest enterpriseswith an average area of 14 thousand
hectares of agricultural land and 10 thousand hectares of arable land (Table 17.2).
The average size ofAPC is 10 thousand hectares of agricultural land and 7.5 thousand
hectares of arable land. The area of land cultivated by LLC is on average 7 thousand
hectares and of arable land 5.6 thousand hectares for 2008–2012. Average yield per
hectare of cereals and sunflower varies by the year. The highest yield of grain crops
was achieved in 2009, when there was a record harvest in the region, and the lowest
was due to drought in 2012.

Comparing to JSCs and APCs, LLCs are more oriented on crop production. The
LLC average share in the revenue of plant production is 74%, while JSC and APC
46 and 48%, respectively (Table 17.3).

The share of fallow is about 8% in all organization types in average of the years
2008–2012.

Per 1000 hectares of cultivated arable land, in average 8 employees are employed
in APC, 7 employees in JSC and 5 employees in LLC. The average age of the heads
of APC and JSC is 53–54 years; slightly younger are LLC heads that are in average
51 years old.

The yield of cereals is in average highest in LLC and the yield of sunflower in
APC in average of 2008–2012 (Fig. 17.1).

The comparison of main inputs in the crop production, such as costs for seeds,
fertilizers and herbicides and fuel costs, shows that APCs use more extensive form
of production (Fig. 17.2 and Appendix 14.2). The proportion of the total number of
enterprises using fertilizers in the farm sample ranges from 25 to 48% for JSCs, from
23 to 34% for LLCs and from 13 to 32% for APCs. The cost of fertilizers per ha are
in average 4 times lower in APCs than in LLCs, and 1.8 times lower than in JSCs.
Average costs of herbicides per ha in LLCs are 1.8 times higher than in APCs. JSCs
spend on herbicides in average 16% less than APCs. The costs of seeds (thousand
roubles per ha) are on average 18 and 4% higher in LLCs and JSCs comparing with
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Table 17.3 Sample description, Kulunda, Altai Krai, 2008–2012

2008 2009 2010 2011 2012 Average

Share of revenue
from plant
production

% 63 61 61 58 54 59

of which:

APC % 52 50 51 46 41 48

LLC % 77 76 74 71 72 74

JSC % 55 45 46 43 38 46

Share of cereals area
in total sown area

% 64.4 64.8 60.2 60.8 58.7 61.8

of which:

APC % 61.6 60.9 57.7 58.9 56.1 59.0

LLC % 67.2 68.7 63.4 64.0 62.3 65.1

JSC % 62.2 61.9 57.6 55.4 55.8 58.6

Share of sunflower
area in total sown
area

% 7.4 7.8 9.1 9.6 10.3 8.8

of which:

APC % 6.6 6.8 7.5 7.6 8.1 7.3

LLC % 7.8 9.7 10.6 11.9 12.9 10.6

JSC % 7.7 4.9 8.0 7.1 8.6 7.2

Share of fallow in
total sown area

% 7.4 7.2 9.1 7.8 8.3 8.0

of which:

APC % 8.1 7.8 9.4 7.4 8.0 8.1

LLC % 7.3 7.3 9.2 7.7 8.2 7.9

JSC % 6.4 6.1 8.1 9.3 9.3 7.9

Employees Persons/th. ha 7.5 7.1 6.8 6.1 5.9 6.7

of which:

APC Persons/th. ha 9.1 8.7 8.1 7.9 7.6 8.3

LLC Persons/th. ha 6.1 5.2 5.4 4.7 4.1 5.1

JSC Persons/th. ha 7.9 8.8 7.4 6.6 6.5 7.4

Age of manager Years 53 53 53 52 53 53

of which:

APC Years 54 54 54 53 53 53

LLC Years 51 52 52 52 51 51

JSC Years 55 54 54 53 54 54

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company
(JSC)
Source Authors
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(а) cereals yield                                          (b) sunflower yield

Fig. 17.1 Wheat yield and sunflower yield, centner per ha, 2008–2012. (agricultural production
cooperative (APC); limited liability company (LLC); joint stock company (JSC). Source Authors.)

(a) fertilizers costs  (b) herbicides costs

(c) seeds costs (d) labour costs

Agricultural Production Cooperative (APC); Limited Liability Company (LLC); Joint Stock Company (JSC).

Fig. 17.2 Costs of plant production, thousand roubles per ha. (agricultural production cooperative
(APC); limited liability company (LLC); joint stock company (JSC). Source Authors.)

the average costs for APCs (Appendix 14.2). Fuel costs per ha by LLCs and JSCs
are lower than in cooperative farms.
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17.3.3 Data Envelopment Analysis

We use the data envelopment analysis (DEA) to assess technical efficiency of plant
production in agricultural enterprises of three legal entities (APC, LLC and JSC)
engaged in crop production in the Kulunda Steppe located in the Altai Krai. As
inputs, we use the following variable costs of plant production (including fallow):
seeds, fertilizers, herbicides, fuel, spare parts, labour costs (Curtiss 2002;Wadud and
White 2000).

We assess technical efficiency of plant production for two output options:

Option 1—output is measured by gross production value of agricultural enterprise,
calculated in average annual sale prices of the agricultural enterprise and gross yield
of crops (thousand roubles).
Option 2—outputs are measured by gross yield (cereals and sunflower, centner).

As the basic model, a CCR-output model is used with constant return to scale
(CRS) (Charnes et al. 1978) and BCC-output model with variable return to scale
(VRS) (Banker et al. 1984). As a result of the decision of linear programming task for
each evaluated object, we obtained evaluation of technical efficiency (TE). Assess-
ment of technical efficiency can be expressed in quantitative form by a TE index
ranging from 0 to 1.

Efficient enterprise has TE index that equals to 1 and lies on the efficiency frontier.
It means that the evaluated object cannot increase the output at lower input; i.e., in
the group of evaluated objects, it is the most effective. The average value of TE of
the sample reflects the overall situation in the sector and can be an indicator of the
general level of technical efficiency of the industry.

Comparative analysis of efficiency of plant production for those options makes it
possible to assess the effect of sales prices of enterprises of different legal forms in
achieving efficiency.Wewill refer to the role of being efficient in crop production and
the willingness to produce more sustainable and adopt soil conservation measures in
the discussion part of this chapter.

17.4 Results

As a result of application of the DEA model method CCR-output and BCC-output
(CRS and VRS) for each year of the study, we received index estimates of technical
efficiency (TE). Many agricultural enterprises are characterized by variable return to
scale. Therefore, TE values for VRS variant are considered baseline assessments.

The results of the evaluation showed that minimum of TE in gross yield
of cereals and sunflower (Option 2) was achieved in 2012 (dry conditions)
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Table 17.4 Technical efficiency of plant production, average of farm sample, Kulunda, Altai Krai,
2008-2012

2008 2009 2010 2011 2012

Option 1: TE 0.74 0.75 0.72 0.76 0.65

of which by legal entities:

APC 0.70 0.72 0.69 0.74 0.64

LLC 0.76 0.77 0.76 0.74 0.64

JSC 0.80 0.75 0.68 0.80 0.69

Option 2: TE 0.81 0.84 0.83 0.75 0.73

of which by legal entities:

APC 0.78 0.81 0.83 0.74 0.70

LLC 0.83 0.85 0.83 0.75 0.72

JSC 0.86 0.87 0.82 0.78 0.76

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company
(JSC)
Source Calculated by authors on the basis of DEA, BCC-output model

(Table 17.4). Similarly, dynamics of average TE in gross production value (Option
1) show that the lowest value was achieved in the same period; i.e., the rise of prices
in August–December 2012 did not provide compensation for falling yields and pro-
duction costs for most farms proved ineffective. The share of enterprises that did not
receive outputs of more than 75% (TE ≤ 0.25) in this period is the highest for all
enterprises of all legal forms (Table 17.5).

The maximum of TE (0.84) in gross yield (Option 2) was achieved in 2009. In
this period, despite a significant drop in prices during the sales period, TE (Option 1)
was high (0.75). Delayed market reaction led to a decrease in the efficiency of plant
production estimated by output value (Option 1) in 2010.

Comparison of TE for enterprises of different legal forms indicates that the APC
is inferior in its efficiency of plant production to LLC and JSC. The average TE for
5 years of study (Option 1) for JSC was 6% and for LLC 5% higher than in the APC.
Generation of gross yield (Option 2) due to the used inputs was by 6%more efficient
in JSC than by APC and by 3% more efficient in LLC. The comparison of TE value
of enterprises of various legal forms is presented in Table 17.4, which depicts that in
all years under study, there were statistically significant differences of TE value in the
researched sample. The average share of enterprises leading in technical efficiency
of plant production with TE of more than 0.75 for LLC and JSC is higher than for
enterprises of cooperative form APC (Table 17.5).
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17.5 Discussion

Our results show that APC is in general inferior in the technical efficiency of plant
production to non-cooperative forms of organization LLC and JSC. A similar result
was obtained when comparing the main economic indicators of cooperative and non-
cooperative agricultural organizations in other regions of the Russian Federation, in
particular in the Nizhny Novgorod region (Altuhov and Rassadin 2015), Tambov
region (Minakov 2015), Omsk region (Marakaeva and Scherba 2016), Belgorod
region (Belchenko 2012) and Stavropolsky Krai (Didienko 2004). Analysis of profits
for various legal forms in general in the Russian Federation in 2011–2013 showed
that profitability of production in APCs is almost 2 times lower than in LLCs and 6
times lower than in JSCs (Minakov 2015).

Modern APCs are generally large, diversified organizations which inherited from
Soviet sovkhozes and kolkhozes economic relations and management structure. In
decision-making, each member of cooperative has only one vote at the general
meeting regardless of the size of his share and it may lead to irresponsibility in
decision-making (Altuhov and Rassadin 2015). A number of studies show (Altuhov
and Rassadin 2015; Antsiferova 2010; Minakov 2015; Kolobova and Vorobev 2009)
that development of APCs is hampered by the existing system of profit distribution
and work motivation. Usually, the whole profit is invested into production develop-
ment. The members of APC do not see any personal benefits of cooperation. The
main income for members of cooperative is wage, which do not fully satisfy their
economic interests.

The productivity of using land, labour and material resources in APCs is also
low (Altuhov and Rassadin 2015; Minakov 2015; Marakaeva and Scherba 2016).
The study shows that APCs applies extensive technology with low use of fertilizers
and herbicides. Lower costs of seeds indicate that seed quality is lower than in non-
cooperative farms. Labour resources are used less efficiently in the APCs. The gross
production value of plant production per employee in APC is 16 and 50% lower than
in JSC and LLC, respectively, in average of 2008–2012.

Lower technical efficiency may be explained by the lack of funds for intensifica-
tion and development of production. As several studies show (Voronin et al. 2015;
Minakov 2015; Rozhkova 2014; Myindrya 2010; Treskova 2008), cooperative enter-
prises such as APC have low investment attractiveness and have difficulty in getting
loans. Investors are less interested in investing into the development of this legal-
organizational form, as there are many owners and low responsibility. This has also
implications on the manager’s willingness to get engaged in long-term investment,
such as into soil conservation and no-till farming. As data analysed by Bavarova et al.
in Chap. 16 have shown that among those 25% of large farms who state using no-till
farming at all, the adoption of this technology is only on 20% of their arable land.
Although the APCs do only comprise 5% of all agricultural enterprises in Kulunda,
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and their share is decreasing (see Table 17.1), they still cultivate over the half of the
arable land, thus representing an important actor, when considering the share of land
they control. In Chap. 16 particularly the hampering factor of investment capital for
implementing new cultivation measures has been mentioned. Referring to the APCs
in Russia, the difficulty in receiving loans is connected with problematic collateral,
because members of cooperative are not liable for cooperative obligations by their
land shares (Kolobova and Vorobev 2009; Treskova 2008).

17.6 Conclusion

The lower profitability of the existing APCs has led to their replacement by more
competitive forms of business such as JSC or LLC in the considered years. The
number of APCs in the Altai Krai decreased from 203 to 150 from 2012 to 2015. A
similar trend may be observed in the Russian Federation as a whole. This shows that
the APC is less competitive organizational form of agricultural production in market
conditions.

Even though our results show that APCs are less technically efficient in Kulunda
Steppe in Altai Krai, we would like to stress that for the development of rural areas it
is an important form of farming. APC is a social form of farming aimed atmeeting the
needs of its members. APCs inherited social responsibility of agricultural business
from kolkhozes and sovkhozes (Minakov 2015; Kolobova and Vorobev 2009). The
kolkhozes and sovkhozes in Soviet times developed social and engineering infras-
tructure of rural areas (schools, kindergartens, housing, water supply, etc.) (Serova
2016; Chernyakov 1999; Kalugina 2001). Many of APCs nowadays support social
facilities in the rural areas. APCs aim to provide work for rural population. Weak
market adaptability and orientation to economic results, however, makes them less
competitive.

Some studies demonstrated the possibilities to increase profitability of APC activ-
ities through modification of the management system and profit distribution in the
cooperative (Antsiferova 2010). APC is an organization form that provides and has
even higher potential to provide public goods in Russian rural areas in the future
including soil protection against degradation and more sustainable soil cultivation
techniques such as no-till farming that help mitigate climate effects. It should be
taken into account when building agricultural and rural policy. Still, policy measures
that would support the development of APCs and support by that the assurance of
public good provision in remote rural areas do not exist in Russia yet.
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Appendix 14.1: Differences Between Legal Entities in Russia
on Principles of Organizing Management System

APC LLC JSC PF SHF

Goals

Making profit
Social goals

Making profit Making profit Making profit Satisfaction of family’s
demand for food

Owners

Members of
workforce,
associate members

Founders Shareholders Members of farm Members of farm
(family)

Limitations on the number of owners and scale of production

≥5 members
Members of
workforce must
do ≥ 50% of all the
production works.

≤50 founders Public JSC—none,
closed JSC—≤50
shareholders

Members of farm
are relatives (≤3
families) and
members who are
not relatives ≤5

Members of farm are
relatives. Area of land
is limited

Personal labour participation

Necessary
Number of
workforce who do
not work in person
must be ≤25% of
total number of
working
cooperative
members

Not necessary Not necessary Necessary Necessary

Principles of appointing the head

Election out of
members of
workforce

Appointment/election
by founders

Appointment/election
by shareholders

Appointment/election
by members of
farm

Appointment/election
by members of farm

Weight of individual decision of owner in voting at the general meeting

Equality of rights,
each member has
one vote

It depends on
owner’s share in the
total funds

Depending on the
proportion of shares

Equality of rights Equality of rights

Principals of profit allocation

By the decision of
workforce,
dividends are
allocated according
to participation in
work and share size
Up to 30% of profit
can be used for
bonus and dividend
payment

By the decision of
the meeting of
founding members,
dividends are
allocated according
to the number of
shares

By the decision of
the meeting of
shareholders,
dividends are
allocated according
to the number of
shares

Independent use of
profits

Independent use of
profits

(continued)
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(continued)

APC LLC JSC PF SHF

Responsibility for enterprise commitments

Cooperative
member is
responsible by a
share no less than
5% of its value

A participant is not
liable in person and
has limited liability

A shareholder is
not liable in person
and has limited
liability

Unlimited liability,
all property

Unlimited liability, all
property

Conditions of participants exit

Current share value
is paid, or property
of corresponding
value is given

Property value
corresponding to
the share in the
company’s capital
is paid, or property
of corresponding
value is given

In public JSC—sale
of shares to the
public, in ZAO
(LLC) shares are
offered to other
shareholders

Only in case of
ceased business

Only in case of ceased
business

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company (JSC); private (peasant)
farm (PF); subsidiary household farm (SHF)
Source Authors

Appendix 14.2: Inputs and Outputs, Average by Farm
Sample, Kulunda, Altai Krai, 2008–2012

Unit 2008 2009 2010 2011 2012

Outputs:

Variant 1—Gross
production value of
plant production

th. roubles/farm 24,676 24,682 21,173 20,618 19,508

of which:

APC th. roubles/farm 23,731 25,258 22,863 19,941 17,625

LLC th. roubles/farm 21,290 21,308 18,384 19,311 21,218

JSC th. roubles/farm 32,765 32,572 23,447 21,789 17,338

Variant 2—Gross yield

Cereals tonnes/farm 4166 6018 4626 3648 2307

of which:

APC tonnes/farm 4350 6108 5089 3942 2363

LLC tonnes/farm 3342 4994 3685 3039 2249

JSC tonnes/farm 5714 8851 5769 4383 2183

Sunflower tonnes/farm 303 290 296 342 310

of which:

(continued)
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(continued)

Unit 2008 2009 2010 2011 2012

APC tonnes/farm 313 268 317 344 288

LLC tonnes/farm 249 331 284 360 310

JSC tonnes/farm 314 223 265 203 270

Inputs:

Seeds th. roubles/farm 2985 3699 3122 3787 5012

of which:

APC th. roubles/farm 2876 3823 3144 3495 4717

LLC th. roubles/farm 2480 2890 2554 3620 5042

JSC th. roubles/farm 4544 5626 4249 4524 5521

Fertilizers th. roubles/farm 368 269 226 382 314

of which:

APC th. roubles/farm 206 173 100 174 241

LLC th. roubles/farm 455 337 359 478 308

JSC th. roubles/farm 416 346 249 436 470

Herbicides th. roubles/farm 723 569 693 839 1048

of which:

APC th. roubles/farm 488 536 521 749 750

LLC th. roubles/farm 913 585 928 952 1282

JSC th. roubles/farm 459 617 557 514 995

Fuel th. roubles/farm 5632 4623 4607 4849 5602

of which:

APC th. roubles/farm 6487 5443 5166 5470 6358

LLC th. roubles/farm 3739 3261 3232 3749 4419

JSC th. roubles/farm 8317 6614 6624 6236 6387

Spare parts th. roubles/farm 3197 2874 2846 2796 3258

of which:

APC th. roubles/farm 3536 3141 3067 3037 3450

LLC th. roubles/farm 2288 2305 2306 2253 2770

JSC th. roubles/farm 4763 3866 3633 3472 3697

Salary and wages th. roubles/farm 3877 4336 4644 5360 5801

of which:

APC th. roubles/farm 4261 4973 5359 6101 5846

LLC th. roubles/farm 2563 3115 3309 3963 5077

JSC th. roubles/farm 6118 6258 6086 7095 7300

Agricultural production cooperative (APC); limited liability company (LLC); joint stock company
(JSC)
Source Authors
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Chapter 18
Institutional Analysis of Land Tenure
System in Post-socialist Russia: Actors,
Rules and Land Use

O. P. Fadeeva and I. S. Soliev

Abstract Governing land tenure and particularly ownership rights to land in post-
socialist Russia is a long-term process that involves changes in norms, rules and
administrative procedures. We analyse the land privatization reform in the context
of evolving institutional limitations caused by the discontinuity and inconsistency of
reform: domination of common (shared and joint) ownership, complications related
to registering titles and lease agreements, and weakening of the state’s role in con-
trolling sustainability of land use. The agricultural districts of the Kulunda region of
Altai Krai serve as a case study to show that, because of the development of informal
local practices, the institutionalization of land relations is increasing as the invest-
ment appeal of the agricultural sector grows. Materials from in-depth interviews,
participant observation, informal conversations and interactions, stakeholder work-
shops and statistical reports, are used to analyse existing practices in the interaction
of the key actors in processes that are shaping up the current land tenure system. We
discuss implications of the identified inconsistencies for long-term stability of the
land tenure system and sustainability of land use. We will show that insecure formal
land rights and the partly not functioning governance system pose high risks for
innovation in agriculture. We observe that informal practices emerge to fill the flaws
in the formal institutional arrangements, thereby increasing the relative stability of
the resulting land use model. However, the overall prevalence of informal practices
hinders the ability of actors to make long-term plans based on reliable expectations,
raising equitability concerns and undermining efforts to shift to new technologies.
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18.1 Introduction

Russian land reform, with its first and most radical steps taken in the early 1990s,
represents an attempt of transition to a new model of institutional regulation of land
tenure system in agriculture (Buzdalov 2012; Uzun 2008). The reform aimed at
bringing about a complete replacement of collective and state farms with a multitude
of private farms and independent peasant landholders (Kalugina 2016). The priva-
tization of farmlands and their redistribution based on needs and capacities were at
the core of the reform. At the same time, the reform required that certain institu-
tional adjustments be made, at least: to establish a new regulatory framework for
privatization and trade of farmland; to regulate processes and records in relation to
accounting, monitoring and control of land use; to develop standards and measures
to ensure environmental sustainability of land use, as well as more fundamental
norms for development and implementation of land use projects (Barsukova and
Zvyagintsev 2015; Uzun and Shagayda 2015).

According to new economic institutional theory, clear and secure tenure system
plays a major role in sustainable and equitable allocation and use of key resources
such as land (Demsetz 1967; Barzel 1989; Feder and Noronha 1987). The estab-
lishment and protection of property rights, which define ownership and access to
land, help cope with market fluctuations and shocks, as well as create conditions
for increased investment activity and adoption of new technologies (such as those
described in Chap. 16, for example, no-till systems to prevent soil erosion). These
processes, in turn, are expected to contribute to the improvement of the quality of
land use in the long run (Ault and Rutman 1979; Featherstone and Barry 1993).

At the same time, new institutional theory puts a strong emphasis on the necessity
of taking a holistic approach in analysing and implementing policy interventions.
Increasingly influential scholarship on institutions, transaction costs and larger-scale
societal transformations (e.g. Ostrom 1986; North 1990;Williamson 1998;Meadows
1999) stresses that, particularly in cases of reforms with multitude of actors and
priorities, changes are often needed onmore than any single institutional level to bring
about the targeted outcomes; and while the land reform discussed here represents
a formal institutional change, it is often existing institutional arrangements that are
formed over decades to centuries and millennia (e.g. norms, beliefs, perceptions, see
also, next Chap. 19 on importance of institutional compatibility) and accompanying
informal institutional practices (e.g. rules not defined in formal documents such as
oral agreements), which reinforce or resist the change, determine the success of the
reform. This is also in line with path dependency theory that views a change as an
outcome of clash between drivers pushing towards a change and sources of path
dependency resisting a change (for a summary of theoretical debate see Soliev et al.
2017).

The post-Soviet land reform in the Russian Federation, due to its discontinuity
and inconsistency, provides an opportunity to analyse why formal institutions did not
function efficiently or help to achieve the main goal of the introduced regulation—
the creation of secure land tenure system and support for stable land markets. The
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liberalization of markets, if not reinforced by the appropriate formal and informal
institutions, can lead to outcomes contrary to desired expectations. One risk associ-
ated with market liberalization is that a price mechanism that balances demand and
supply in a market may destabilize the positions of producers (in our case previous
state employees) during the transition. Fromabroader sustainability perspective,with
the lack of knowledge, skills, technologies and initial capital, which would allow a
competitive participation in a more openmarket, local producers might have to lower
prices, which jeopardizes their financial stability potentially leading to collapse of
the internal market (Fligstein 2001; North 1990). From an equitability perspective,
in a transition where knowledge and skills of a vast majority of population suddenly
becomes largely irrelevant in light of privatization, market liberalization might as
well create an environment leading to a concentration of wealth in the hands of few
individuals who might take advantage of those more vulnerable (Theesfeld 2018).
This goes as well for markets for localized resources, primarily land and labour. In
this instance, however, it is reasonable to expect high costs for skilled labour due to
lack of sufficient supply, which produces the same results as in the commodity mar-
kets—a rise in (agricultural) producers’ costs and a decline in profit. In themeantime,
discontinuity and inconsistency in formal institutions (e.g. new official regulation)
might increase transaction costs (e.g. administrative costs of implementation of a new
reform that does not clearly define roles and responsibilities) further jeopardizing
the establishment of a secure land tenure system.

In the remainder of this chapter, we concentrate on disentangling the formal and
informal elements of the complex land reform in post-socialist Russia and the impli-
cations from their interaction. First, we describe the materials and methods applied
in the research and establish key developments at the outset of land privatization
processes relevant to our study. Then, we discuss the curious case of collective land
ownership formed as a result of reform and particular limitations associated with
the current land tenure system such as procedures undertaken to allocate and reg-
ister ownership rights. It is followed by a discussion of findings documenting the
emergence of informal practices accompanying the reform, their implications for
establishing a secure land tenure system, equitability among actors participating in
the emerging land market, and sustainability of land use.

18.2 Research Materials and Methods

Institutional arrangements affecting the land reform inMamontovskiy district, one of
the agricultural districts of Altai Krai in Russia, as well as the combined effect from
these arrangements on the implementation of the land reform and on introducing
technological innovation in the agricultural sector, were investigated as a case study.
Specific attention was paid to causes leading to the emergence of informal practices,
and their effects on the overall land tenure system. Data collection included archival
research to identify official government documents introducing land reforms, par-
ticipant observation during the research period from 2013 to 2016, a number of
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informal conversations and interactions, semi-structured interviews with key infor-
mants on specific topics, and a number of workshops with the participation of local
stakeholders within the framework of the Kulunda project. Further, official statistics
for Mamontovksiy district on agricultural activities of employees of the agricultural
enterprises and farms within the territory of the district, as well as broader statis-
tics for Altai Krai on land tenure were used to verify some of the findings from
the field research. The semi-structured interviews were conducted with a total of
24 decision-makers, which included heads of district and federal authorities (n =
3), heads of agricultural enterprises (n = 3), heads of farms (n = 15) and heads of
local municipalities (n = 3). Further data were obtained from seven interviews with
farmers from four other districts of Altai Krai to understand broader validity of the
findings within the same administrative division of Russia. Application of a variety
of research methods allowed for triangulation to ensure that complexities of the local
reality were correctly understood.

18.3 The Post-Soviet Land Reform of Russia in the 1990s

During the reform, state farmlands were divided into four groups. First, about 60%
of lands of former collective and state farms were transferred to a common (joint or
shared, discussed in the next section) ownership of their current and former employ-
ees, and to those employed in the social sector; while occasionally some of these
lands were transferred directly to individuals without having to share with others
(National Report 2015). Second, some lands of former collective and state farms
were transferred to the so-called district redistribution funds to be managed by dis-
trict administrations who became responsible for their further transfer. Third, rural
(village) administrations received a certain share of lands of the former collective
and state farms for development purposes not directly related to agriculture. Fourth,
some of the lands remained the property of the state at the federal level.

The lands transferred to individuals included croplands, pasture lands, and hay
fields. They were distributed according to norms that were defined by decision of
the heads of district administrations. The size of the land share for each new owner
was calculated based on two indicators—the total areas of farmland to be transferred
to common ownership and the total number of applicants for those lands. A district
norm in hectares of average-quality land was therefore determined. Differences in
soil fertility were factored into even out variation in the quality of croplands to be
privatized. The shares allocated as part of the common property were measured not
in hectares, but in point/hectares, with the idea to allow for a fairer evaluation of
the land parcels’ quality. Land belonging to private citizens could be used to expand
private household farm plots or establish private farms. It could be sold, given away,
exchanged, or inherited. Land ownershipwas not tied to the requirement to personally
use the land. Shareowners could lease their land to an enterprise or to local farmers.

The farmlands that left after the land was transferred to the employees of agricul-
tural organizations and equivalent groups of rural residents were consolidated into



18 Institutional Analysis of Land Tenure System … 263

district redistribution funds. The lands in these funds were leased to existing business
entities. These funds were formed under the responsibility of district administration
heads. Interview information indicated that according to a tacit understanding, the
least valuable lands were transferred to the fund. In the early days, up to 10% of the
farmlands of former collective and state farms were concentrated in funds, and early
in the reform, they could be used by their former users without a lease until legal
claimants for these lands showed up. Later, lands confiscated with court order due to
legal violations or of out-of-business farmers were added to the fund, if they had the
right to use the land for life (or if the right was inheritable). Lands with unidentified
owners were also included in these funds.

Land under the management of rural administrations was intended for the devel-
opment of settlements and for individual housing construction. Some of the lands
became the property of owners of private farmsteads within the boundaries of the
parcels they were actually using. In addition, lands were set aside for the needs of
orchard and gardening associations, summer cottage construction, and the develop-
ment of animal husbandry according to norms established by administrative divisions
of the Russian Federation.

Finally, non-farm lands used for infrastructure, roads and other facilities within
the boundaries of former collective and state farms remained state property on the
federal level. They were transferred for perpetual use to the enterprises that were the
successors to the former collective and state farms (business partnerships, associa-
tions, production cooperatives).

18.4 The Curious Case of Collective Land Ownership

An important feature of land reform was the collective nature of the allocated prop-
erty rights to land. Instead of individual parcels with clear boundaries, rural residents
received the right to land within the limits of common—either joint or shared—
property. In the first case, the title to the land (land parcel) was indivisible. In the
second case, each participant received the right to a land share, whereby any indi-
vidual shareholder could enter into transactions (lease, sell or divide into individual
parcels) provided that the other shareholders agreed with the intentions of this indi-
vidual shareholder. Operationally, the process of privatization comprised several
steps. First, a list of applicants for common tenure had to be approved at a meeting.
Second, the head of district administration had to accept the request of the appli-
cants on transferring the state land to their ownership (whether joint or shared). Each
applicant could apply for an individual parcel before the parcel was transferred to
common ownership. This required the filing of a separate application to the head of
the administration. Farm enterprise employees could also submit a request for indi-
vidual parcels. They could increase the sizes of their holdings by combining their
land shares with the shares of their relatives and friends.

The collective nature of land ownership assumes a consensus among and the
obligatory participation of each of the right holders in the registration of the title.
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Not all shareholders were able to conform to established rules, which increased
the transaction costs in the creation of the new tenure system. This approach to
privatization was an impediment to the intended rapid redistribution of land. In 1996,
a moratorium on the sale of farmland was introduced, which led to the development
of a market for leasing land shares. In 2002, this moratorium was lifted. Early in
the reform, it was assumed that land (as well as other state property associated
with agricultural land) would be privatized in several phases. In the first phase, the
former collective and state farms were appointed as intermediaries in the transfer
of land titles to individuals. The land and the private titles were transferred to the
operational management of the heads of entities that were supposed to facilitate
the next phase of privatization. However, this process largely lacked transparency,
and there were no mechanisms for overseeing the procedures of transfer, which in
many cases prevented potential shareholders from registering their rightful claims.
As Fadeeva (2013) and Shagayda (2013) document, a significant proportion of them
did not come into possession of their rights, partly because their landwas registered as
the authorized capital of private companies (joints stock or other form) and was later
seized or sold to third parties as a result of bankruptcy or resale of those enterprises.

18.5 Procedures for Allocating Land Parcels

During the earlywaves of reform in 1992–1993, the privatization of land administered
by a separate enterprise led to the appearance of indivisible vast parcels that included
tens and hundreds of individual fields, hay lands, and pastures. The total area of a
parcel could reach thousands of hectares, and it could have hundreds of owners,
who were supposed to meet to discuss all the issues related to land use and reach
unanimous decisions. This made management of the common land very difficult
and hindered the attempts to carve out individual smaller parcels from it, including
for establishing smaller private farms. Procedures for sharing common ownership
were therefore developed further. The new procedures introduced in 1994 (see also
Chap. 17 by Ponkina et al.) enabled a shareholder or a group of shareholders to set
aside parcels within their shares for private farms or for leasing, sale, or contribution
to authorized capital. On the level of Russian regions, restrictions against over-
fragmentation of lands were introduced. The federal-level administrative divisions
of the Russian Federation were given the right to set dates for the beginning and
ending of farmland privatization, and to develop regional land allocation rules, set
the lengths of land leases, etc. The legislative bodies of Russian regions set their own
standards for the minimum size of parcels that could be formed (surveyed) towards
consolidated land shares. This decision reflected the regional authorities’ preference
regarding the size of business entities engaging in farm production in their area. The
enlargement of land parcels gave the advantage to medium and large land users.

The physical allocation of new land parcels for farming took place after share-
holders’ collectives formed. Those who organized themselves in collectives were
primarily shareholders who agreed to lease their lands to private or other farms.
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Potential land users (tenants) took the minutes of shareholder (owners) meetings
to land authorities, requesting the allocation of parcels from the land on which the
Soviet farm organizations located there once worked. The allocation of parcels for
newly formed private farms was not always accompanied by the provision of public
land planning services or even with works to identify boundaries. This prompted the
growth in cases of land grabbing and other violations of the law (Shagayda 2013).

18.6 Problems Registering Land Titles

Registration of land titles began only five years after privatization was launched. In
1998, Russia established a unified electronic public register of real-estate titles and
transactions. The register keeps record of changes in relation to property rights and
includes acts of registration of the property rights to land, lease agreements, purchase-
sale transactions, and inheritance acts. Rights are registered only when parcels are
registered in the cadastre, which assumes the existence of surveys of specific parcels,
including those newly formed from land shares. The cadastre work is done at the
expense of parcel owners. When the register was created, with the rush to get it into
operation, a part of the paper-based information on parcel boundaries and rights to
land shares was not included. As a result, many existing titles had to be re-registered
(Uzun and Shagayda 2015).

To confirm their land rights, all owners had to have a land survey at their expense.
In the case of common shared ownership, the shareholders were responsible for
handling registration and cadastre matters. This involved serious outlays in terms
of money, as well as time, since they had to conduct the physical survey to clarify
the boundaries of the land shares they want to register, visit various departments
and organizations at district centres as well as go through the lengthy processing of
documents.

On the one hand, because cadastral registration and registration of land titles
and transactions were based on applications, this procedure was largely voluntary
for shareholders. On the other hand, the state lost important levers to influence and
monitor the status of land resources, and large amounts of land went unregistered.
In addition, according to the law, a lease agreement with a term less than a year
does not have to be registered. This makes it possible to put into circulation parcels
that have not undergone cadastral registration and do not have definite legal status.
As a result, this loophole combined with the high transaction costs of registration
procedures led to an expansion of the practice of informal (non-contractual) short-
term lease relations. This practice, however, seriously weakens the position of the
parties in such an informal transaction. Tenants (land users) have no guarantees that
the lease term is sufficient to pay back the investment. Property owners (landowners),
in this instance, likewise, cannot be certain that their rights will be protected. At the
same time, this creates a situation making it hard to consider long-term oriented
investments, for example, in soil quality.
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18.7 Consequences and Institutional Limitations of Land
Reform

Summarizing the results of 25 years of land reform, one should acknowledge that its
results do not entirely match the expectations of reformers or of society as a whole.
Privatization did not create a class of full-fledged landowners interested in preserving
the land and in increasing its fertility and market value. The allocation of land shares
on the basis of place of employment and place of residence rather resembled the
distribution of free gifts, not the transfer of rights and obligations to responsible
owners. Today, many shareholders cannot control the actions of the actual land users
or influence the selection of agricultural technologies that will be used. They are not
always able to influence the lease rates or the terms of the agreements, they conclude.
In general, the strengths of actors on local markets are not equal, so the weaker ones
have to accept the terms of the more powerful (larger) actors, especially as local
authorities often promote the interests of the latter.

One might state that in post-socialist Russia opportunities for efficient trading
in farmlands and for the dissemination of new land use technologies are facing a
number of institutional limitations, which include but are not necessarily limited to
the following:

– the land tenure system, as well as specification and registration of titles, is not
fully formed;

– transaction costs associated with bringing unclaimed and unworked land into cir-
culation are sufficiently high to hinder the process;

– the rights of landowners, especially in relation to common shared ownership, and
land users are insufficiently protected;

– the role of local authorities in monitoring the terms of and quality of land use was
lost or significantly weakened.

18.8 Structure of Land Tenure in Altai Krai

In 2013, farmland in Altai Krai occupied an area of 11,537.2 million ha, which was
about 70% of the region’s area. Agricultural lands (arable land, pastures, hayfields,
perennial plantings and fallows) occupied an area of 10,597,000 ha (Report on the
Status and Use of Land in Altai Krai for 2013 2014).

In Russia as a whole and in Siberia, in particular, large areas of land have been
taken out of production. According to a report from theMinistry of Agriculture, as of
1 January 2014, some 26% of agricultural land in the Russian Federation was not in
use (Report on the Status and Use of Agricultural Land for 2013 2014). Most of the
unused land was in the Siberia Federal District (57%), followed by the share of Altai
Krai of 5.04 million ha (44%). These data, however, are estimates only. They were
obtained based on information from land users, who had an interest in distorting data
on the areas in use (at least due to the expanding informal contractual relations), and



18 Institutional Analysis of Land Tenure System … 267

from space images, methods for the analysis and interpretation of which are highly
contested (Barsukova and Zvyagintsev 2015).

The structure of agricultural land ownership inAltai Krai differs from the national.
In Russia as of 1 January 2014, roughly two-thirds of land belonged to national and
municipal entities, but in Altai Krai, the dominant stratum of landowners was private
citizens, who possessed more than half of the land (53.4% or 6161.2 million ha).
The dominant form of land ownership by individuals was common shared owner-
ship (89.1%). Formally, common shared ownership meant that former members of
Soviet collective and state farms inherited an equal share in newly organized agricul-
tural production cooperatives. The number of participants in this form of ownership
totalled 313,008 people (Report in Altai Krai, 2014). At the time of privatization,
applying the allocation criterion discussed earlier, each member of agricultural pro-
duction cooperatives in Altai Krai was entitled to a land share of 10–12 ha depending
on its location. The location of each share was, however, only approximate, largely
based on districts, without specified boundaries.

Among the major players on Altai Krai’s local markets are business partnerships
and companies (e.g. in the form of Limited Liability Companies, Joint Stock Compa-
nies), agricultural production cooperatives, and individual private farms. In 2013, a
major portion of agricultural landwas assigned to agricultural organizations: partner-
ships and companies accounted for 29% of land (3175.2 million ha) and production
cooperatives for 21% (2346.2 million ha). Private farms occupied an area of 2003.1
million ha, which represented 18% of the land of Altai Krai. The average size of one
private farm considering the land in use was 447 ha (see further details on the legal
forms of actors and statistics of their structure in Chap. 17 by Ponkina et al.).

The Krai’s land users mostly cultivate the land they have on the basis of a leasing
agreement. By and large, they conclude lease agreements for land parcels formed
from the land shares that villages received during privatization (58% of all land in
use), as well as for land in district redistribution funds that are managed by district
administrations (from 27 to 37%). Out of all the farm entities in Altai Krai, only
individual private farms worked on their own land, that is, not on the basis of a
lease agreement, and this land represented 15% of the total used by farmers. The
proportion of cultivated land owned by business partnerships and companies was
far lower—around 5%; that of agricultural production cooperatives was only 1%
(Report in Altai Krai, 2014). To accelerate the turnover of land parcels formed from
shared land, the Krai rescinded the minimum term for leasing land, that is, this land
can change tenants almost every year. The minimum threshold for leasing land from
district redistribution funds is seven years.

The local land markets have certain specific features. A number of the rural dis-
tricts that were studied had a shortage of available land and intense competition
among land users. This is despite the apparent abundance of unused land in Altai
Krai (44%). However, unused lands are not spread out evenly across districts often
making land consolidation and access to infrastructure very difficult. At the same
time, as was discussed above, high transaction costs associated with registering land
titles and more generally related to procedures of bringing new lands into ‘produc-
tion’ reinforce the artificial shortage of land, which will be discussed in more detail
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in the subsequent section. In some instances, a few large agricultural enterprises
and numerous private farms ensured a high demand for land. In other instances, the
demand for land increased after outside actors—the owners of processing enterprises
planning to integrate agricultural production into their business or even development
companies focusing on housing development in rural areas—came to the district. An
entirely different competitive environment developed in districts with an especially
arid climate and poor soil quality, where large quantities of cropland were abandoned
and the authorities did not know how to attract new producers or restore these lands’
quality.

18.9 Secure Land Tenure: A Combination of Formal
and Informal Practices

Our field research showed that, in addition to formal rules, there were specific infor-
mal rules for interaction among the various actors on local land markets—different
groups of agricultural producers, landowners and representatives of local authorities.
Informal practices, which compensate for flaws in legislation, help to create condi-
tions for the formation of a relatively secure local land tenure system, the introduction
of technological innovations, and the alignment of the interests of landowners and
tenants.

Agricultural producers turn out to have themost interest in the legal registration of
land titles and suffer most from the flaws in the existing land tenure system. It is land
users, not owners of land shares, who often organize and cover the monetary costs
associated with title registration. They also organize surveys of parcel boundaries,
put parcels on the cadastral register and prepare documents for registration. They,
thereby, help to create conditions for extending the time for beneficial use of land
parcels and ensuring the return on their investments. The drivers for the formalization
of a secure land tenure system are, as a rule, the heads of private farms and enterprise
owners, who have a stake in the long-term development of their businesses.

The interviewed farmers have explained that they undertook the registration of
the land of their shareholders around ten years ago. Some of them did not manage
to register land according to the old rules with the initial wave of land reform in
1992–1993 (see also the chronology of reforms discussed in Chap. 17 by Ponkina
et al.). They had to start from scratch after the legislation on privatization changed
numerously till 1997. Some farmers had problems identifying shareholders or their
heirs in order to obtain powers of attorney to complete registration. Another obstacle
on this path was that the majority of land users lacked the necessary legal knowledge
and money to complete the procedures.

Problems related to establishing boundaries of land parcels pertain not only to
shared land but also to lands in district redistribution funds. In a number of instances,
the authorities requested land users, who won the right to lease at auction, to bear
the costs of the cadastral registration, promising to compensate these costs by a
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reduction in future rent. The fact that municipal land is not registered is an obstacle
to attracting investments and implementing major projects. As a result of difficulties
and costs related to registration, in many cases instead of concluding a long-term
lease, municipalities and land users agree on an 11-month lease term, for which
cadastral registration is not required. However, the land remains outside the register
with dubious legal status and the legal grounds for land use can be easily challenged
(Alakoz and Nikonov 2013).

Nevertheless, once registration is completed, as agricultural producers noted in the
interviews, leasing land from redistribution funds is themost appealing to them, since
this land comes with lower lease rates and a minimum (more reliable seven years)
lease term. In this instance, there is no need to enter into negotiations and contractual
interactions with numerous parties, as happens when one attempts to lease shared
property. At the same time, for local authorities, redistribution fund land is one of
many tools for influencing the behaviour of agricultural producers. For example,
administration of Altai Krai sets a priority for livestock farms in leasing land from
redistribution funds. Another environmental policy option would be to set conditions
on particular modes of allowed tillage operation.

Shared land requires that land users take shareholders’ demands seriously and
seek compromises. In rural settlements where different business entities—large farm
enterprises and private farms—engage in production, a fight over shareholders’ land
is foreseeable. Elements of the fight over shared land are competing for proposals for
lease rates and additional services that the land users will provide. Competitors agree
on the ‘rules of the game’ and find compromises in land disputes, thereby guaran-
teeing long-term land use. The arrangements of the land lease allow rural families to
receive rents, monetary or in-kind (feed, land tilling services, freight transport, etc.),
which in turn allows these households to preserve their private farms, raise livestock
and poultry, and produce meat and milk for sale. Land users occasionally also take
over the responsibility to pay the land tax for shareholders.

In the farm milieu, it is also common to encounter ‘gentlemen’s agreements’,
prohibiting the enticement of shareholders and employees from some farms to others
with more generous offers. In addition, subleases are arranged and arable fields are
exchanged often by oral agreement. As a result, these informal arrangements slow the
transfer of croplands from inefficient land users to those whomanaged to increase the
land productivity through, e.g. modernization or introduction of new technologies
and crop rotation. Likewise, they slow down the consolidation and expansion of lands
that might have been more productive and more sustainable.

Moreover, to counter the expansion of large companies, representatives of farm
communities agree to act unanimously at land auctions held by district administra-
tions. To prevent the total buy-up of adjacent fields by stronger competitors, they buy
some of the parcels they cultivate to create ‘overlapping field strips’ which does not
allow the consolidation of the land.

In districts with a high demand for land, landwith unidentified owners has tremen-
dous financial potential. According to the current law, the administrations of rural
districts have the right to register the so-called unclaimed shares of villagers. The
administration’s task is to find out about the nominal owners, collect documents about
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their loss of land rights (in case of death and if there are no heirs, or if a notarized
abandonment of the land is presented), and then declare these lands ‘unclaimed’ in
court. Then, the administrations can transfer ownership of these lands to district redis-
tribution funds with the right to sell or lease them. On the one hand, the procedure
is alarming as it seems to provide room for expropriation of less powerful, given the
well-documented events of extortion and other threats to property in Russia’s post-
Soviet history (see, e.g. Gans-Morse 2013). Although we have not come across such
cases in our study, this clearly shows the necessity for a stronger protection of more
vulnerable property right holders, on the level that could eliminate loopholes such
as the above. On the other hand, this procedure provides a platform to bring new or
abandoned lands into production, which appears crucial in Altai Krai for attracting
investments and transferring technologies, and generally for moving towards more
sustainable land use. There are numerous obstacles on this path, to which one may
add that administrations lack personnel and financial capacities necessary to register
titles and put land in the cadastral register. If, however, there are actors interested
in obtaining access to these resources, the ‘no man’s land’ can quickly gain a legal
status.

Powerful Altai farm producers do not hide their plans to expand their land hold-
ings. Some of the private farmers that were interviewed stated that they increased
their land by about 10% annually. This growth is delayed by the fact that some share-
holders do not want to part with their land rights. Yet, Altai farmers believe that the
low cost of land (about 500–700 Euros per share—10–12 ha) and low lease rates
(about 70–100 Euros per share or 1–2 tons of grain) are their important competitive
advantages which help to keep the cost of production relatively low.

18.10 Land Use Quality Control and Sustainability

Regional offices of Rosselkhoznadzor (the Russian Federation Federal Service for
Veterinary and Phytosanitary Surveillance) are responsible for the quality control of
land use. Performing this function competently requires efficient, mobile units on
the ground staffed with specialists in land issues. However, the agency does not have
these human or administrative resources (see this chapter).

By law, regulatory authorities audit agricultural producers once every three years.
Audits are largely perfunctory. The main function of audits is to confirm the proper
use of agricultural lands and compliance with certain technological requirements.
Inspectors by looking at documents confirm that plant protectants and mineral fer-
tilizers are on hand and correctly applied, that seeds are certified, and that wastes
are disposed of, etc. The audit objectives do not include environmental assessment
of technologies, crop rotation or the change in soil fertility. The perfunctory nature
of audit procedures and regulatory authorities’ non-interference in production pro-
cesses would allow land users to easily pay off claims against them (they pay fines,
give small bribes) and keep inspectors out of areas where they might do real harm to
the business.
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In the land users’ opinion, nominal landowners (shareholders) have little interest
in preserving the quality of their land. They are interested only in the amount of the
lease fee—and there have been more than a few instances when they were ready
to lease their land quickly to another user, if that potential user orally promised
a higher payment. They are usually indifferent to the fact that their lands are not
planted or cultivated or that weeds and shrubs are overgrowing them. As a rule,
lease agreements with owners of land shares, as well as with district administrations
when it comes to land in the redistribution fund, contain no special environmental
requirements or conditions ensuring long-term sustainability of land resources, for
example, on preserving topsoil or protecting against wind and water erosion. There
seems to be a naïve expectation that agricultural producers, most of who are on
a lease agreement with little long-term security, will assume the responsibility for
ensuring sustainability of land resources. In the absence of any serious consequences
envisioned in legislation or in lease agreements, this tenure system does not prevent
short-term destructive uses of land either. With the lack of interest from the owners
to maintain the quality of land and establish tenure systems that are secure in the
long-term, it remains a challenge to incentivize producers to invest in preservation
and improvement of land quality.

18.11 Conclusions

The institutionalization of the land tenure system through development of informal
local practices is increasing as the investment appeal of the agricultural sector grows.
The inconsistency and lengthiness of the land reform pose high risks for innovation
in agriculture, but low land lease and purchase prices are strengthening the compet-
itive positions of Altai’s producers. A combination of formal and informal practices
ensures the relative stability of the resulting land use model, but does not always
contribute to a growth in the efficiency in agricultural production or to sustainability
of land resources. As a rule, farmers do not see investments in land in the context of
improving or maintaining the quality of their land resources or increasing the market
value of their farms. Evidence shows that most share motives of current profitability
and preservation of the business to pass it onto their heirs.

One of the adverse consequences of land reformwas the government’s loss of con-
trol over and management of land resources, on all—federal, regional and local—
levels. Local public authorities lost tools and resources for routine monitoring of
land use by different groups of agricultural producers, for land planning and cadas-
tral work, and for legal registration of land parcels and lease agreements. Public
authorities became unable to obtain accurate, real-time data about the structure and
quality of lands or information on the actual land users.

Existing government support measures do not directly encourage the introduc-
tion of new technologies. New support mechanisms are needed to encourage (i) an
increase in the quality of land use and introduction of technologies aimed at more
sustainable land use; (ii) less burdensome procedures for legalizing titles (with com-
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pensation of costs to survey and register land, especially in areas with challenging
natural conditions and climate) and putting unclaimed, abandoned lands into circu-
lation; and (iii) better—clear and long-term—protection of the rights of landowners,
particularly in the case of common shared ownership, as well as land users, especially
those who might not be in the position to bear high transaction costs of the current
land tenure system.
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Chapter 19
The Role of Institutional Policy
Congruity for Sustainable Land Use
in the Kulunda Steppe

I. Theesfeld and L. Jelinek

Abstract In Russia and likewise in the Kulunda steppe, only recently,
environmental-oriented policy measures have been introduced. Yet these are con-
fronted with the prevailing post-socialist institutional environment, such as de facto
property rights on land, administrative inertia, values and production habits of farm-
ers. Revealing institutional factors with the help of the Procedure of Institutional
Compatibility Assessment (PICA) that prevent effective and cost-efficient policy
implementation can help to better support the prevention of soil erosion, nutrient
loss and climate gas emission in the future and to work toward more sustainable land
use. We investigate Russian agricultural land protection policies and specific regula-
tory instrument to explore and structure critical socioeconomic, administrative and
institutional factors that diminish the effective execution of the instruments. Credi-
ble monitoring and sanctioning turned out to be almost impossible in the Kulunda
region. Further, we argue that the servitude right, or farmers‘ perception on positive
effects of inadequate soil practices, could not be addressed by short-term administra-
tive solutions. We rather suggest information provision and subsidies for voluntary
conservation measures to reach more sustainable agro-ecological practices.
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19.1 Introduction

Due to unsustainable agricultural production practices in the Kulunda Steppe, we
face severe land degradation including a drop in humus content in Russia’s black soil
region. Agri-environmental policies could help to stop unsustainable land use. Yet if
such policies are not in line with the prevailing institutional context and, particularly,
if they mainly rely on command-and-control measures, they might be ineffective,
meaning they do not reach their aim or only at prohibitive high transaction costs.
We will exemplify this for the ban on crop residue burning, otherwise a common
agricultural practice in the Kulunda region. In the following, we will shortly provide
evidence for the loss in organic content of the soils and the need for an expansion of
conservation tillage instead of residue burning. Thereafter, we will discuss the role
of institutions to make policies effective. In Sect. 19.2, we will introduce the Proce-
dure of Institutional Compatibility Assessment which guided the empirical analysis.
After introducing the extent and effects of crop residue burning, we will present
the actual monitoring mechanism of the responsible agencies. Section 19.4 gives
results on crucial institutional aspects that hinder a more successful implementation
of that regulation. At the same time, such institutional aspects are also relevant to
be considered for other agri-environmental measures constructed in a similar way.
We draw conclusions suggesting more measures that aim at long-term institutional
change, addressing the perception of farmers and investing in information spreading
and education campaigns, all with the aim to count more on voluntary compliance
and less on monitoring and sanctioning to achieve the same aim: more sustainable
land use.

19.1.1 The Agricultural Conversion of the Kulunda Steppe
and Its Degraded Soils

The cultivation of the Kulunda region begun in the nineteenth century, but within
the framework of the Virgin Land Campaign in the 1960s, 2.3 million ha natural
steppes in the Altai Krai of South-Western Siberia were largely transformed into
arable land (Frühauf et al. Chap. 8 this volume) (Durgin 1962). The Kulunda steppe
in Altai Krai accounts currently for 6.7 million hectares utilized agricultural land, of
which 75% are to some extent environmentally degraded (ROSREESTR 2013). The
original humus content before cultivation has been estimated on average being 9.6%
in the forest-steppe zone (Belajev 2009). Being aware that data show large variances
between regions and plots, Meinel (2002), Charlamova and Revyakin (2006) and
Guggenberger et al. (Chap. 14 this volume) point to a continuous reduction of soil
organic content as well as to long-term nutrient loss (Bivalkjevich 2002).
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19.1.2 Agri-Environmental Policies and the Role
of Institutions to Make Them Effective

The question is how to politically facilitate agro-ecological practices on land that
would lead to a more sustainable land use and which institutional factors led to
the current ineffectiveness of policies, particularly those trying to fight the degra-
dation of the soil. Environmental reforms in Russia in general are not regarded as
accomplishing their intended effects (Mirovitskaya and Soroos 1995).

Studieswith a comparable post-socialist legacy that focus on the institutional envi-
ronment of soil protection policies are Prager et al. (2012) or Stupak (2016), showing
that it is rather a mix of personal, sociocultural, economic, but also institutional and
political factors that influence the behavior toward soil conservation efforts and that
limit the effectiveness of existing laws that are being insufficiently put into practice
(Prager et al. 2011, 2012).

Supporting land-use change toward a more environmental sustainable outcome is
an agronomic and economic question, but to a large extent, it is also an institutional
one. Institutions such as property rights on land and the corresponding governance
structures play a central role in supporting policy measures that could be effectively
implemented. The governance structures facilitate how the game is played or “the
governance of contractual relations takes place,” including issues of contract moni-
toring and enforcement, conflict resolution mechanisms, information sharing mech-
anisms, education systems, as well as market systems or voluntary self-organization.

In Russia, the corresponding governance structuresweremostly rooted in a simple
command-and-control measure. But also informal rules, norms and traditions are
different to those of most Western European countries.

As a consequence resulting from the US dust bowl in the 1930s, we find early
studies such as Uri (1999) who points out that it is difficult to quantify economic,
demographic andpolicy factors’ impact on the adoptionof conservation technologies.
Recently, Pereira et al. (2016) have shown that it depends on the perception of farmers
on the environmental impact of their action, how they get engaged with conservation
measures and follow legal regulations (see also Chap. 16). Prishchepov et al. (2012)
highlight the importance of institutions for post-socialist countries, including Russia,
relating mainly to differences in land privatization strategies and land markets on
land-use decisions, particularly to abandon land.

Further, “command-and-control” agri-environmental measures can only be effec-
tive if applied to easily observable soil conservation problems (Prager et al. 2011).
Just like the insufficient governance and administrative capacities to allow for a
functioning land market in Russia, described by Lerman and Shagaida (2007), the
capacities to govern environmental measures are comparably inadequate. The iden-
tification of the rule-breaker often suffers from the asymmetric information between
controllers and land users.

The facilitating and hampering factors crucial to implement command-and-
control measures can likewise be used to make predictions on the effectiveness and
cost-efficiency of similar command-and-control policy types. It can further stimu-
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late policy-makers and regional administrators to initiate ex-ante evaluation of future
measures, a strategy that still is found rather seldom in a Russian context.

19.2 The Procedure of Institutional Compatibility
Assessment (PICA) Method

The literature suggests that particular land policy implementation may fail because
implemented rules are not compatiblewith the prevailing institutions (Theesfeld et al.
2010). If the individuals who are crafting and modifying rules do not understand
how particular combinations of rules affect actions and outcomes in a particular
ecological and cultural environment, rule changes may produce unexpected and, at
times, disastrous outcomes (Ostrom 2005).

To shed light on different sources of policy incongruity, related to a regulatory
policy, we follow the Procedure for Institutional Compatibility Assessment Method
(PICA). PICA has been developed as a formalized methodology to assess the com-
patibility between policy options and various institutional contexts. Original PICA
comprises four distinct working steps: 1. clustering policy options according to the
type of intervention, the area of intervention, possible changes involving property
rights, and the type of natural resources addressed by the policy options; 2. link-
ing each policy cluster to specific sets of crucial institutional aspects (CIA); 3. using
institutional indicators to evaluate the respective institutional aspects; and 4. deriving
statements—arranged in thematic categories of institutional compatibility—about
the probable effectiveness of the policy options from an institutional perspective
depending on the combination and degree of the identified relevant institutional
aspects (Schleyer et al. 2007). After the initial development of PICA (Theesfeld
et al. 2010), additional studies have applied and further developed the method, as
regards, e.g., the implementation of the Nitrate Directive in France (Amblard and
Mann 2011) to the adaptive capacity to climate change in the Netherlands (Mandryk
et al. 2015). Depending on the particular research interest, not all four steps in the
PICA method need to be conducted.

We will exemplify a policy misfit for the Kulunda region on a recently introduced
measure tofight against landdegradationbasedonTheesfeld and Jelinek (2017).With
the help of the PICA method, we could illustrate ex-post the aspects of institutional
compatibility.

The initial library of CIA linked to the policy type command-and-control policy
that intervenes on the market (Schleyer et al. 2007, p. 79) served as a basis. Some of
the pre-determined CIA were not considered suitable for the policy option, or for the
sociopolitical background in Western Siberia, and were therefore not considered.

The remaining CIA were presented and evaluated by 24 interviewees ranging
from individual and corporate farms, environmental NGOs, locally based agronomic
experts, administrative bodies (controlling and monitoring agency, fire patrol) and
actors dealing with policy execution of the Altai Krai. They first assessed the three
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most determining aspects influencing the policy measure. During qualitative inter-
views, the respondents described and commented the intensity of an aspect and the
direction of its influence. A Policy Discussion Forum conducted at the Altai State
AgriculturalUniversity inBarnaul served to further discuss implementation obstacles
in agri-environmental measures.

19.3 Case Study

19.3.1 Soil Protection Policies

Contrary to many European regions, the agricultural environment and soil quality in
Kulunda are protected exclusively by regulatory instruments, predominantly imple-
mented at federal level that implicitly aim at sustaining soil fertility and preventing
degradation.

Such land-use policies have been implemented by a set of directives as outlined
primarily in the Constitutional and Land Code. The Code states “only practices
that ensure rational land use can be applied and each plot has to be kept in such a
condition preventingweeds invasion, degradation and fertility reduction” (LandCode
of Russian Federation, § 42). The potential damages are, among others, water and
wind erosion, salinization, drying, chemical contamination and weeds spreading.
The policy aims shall be achieved by regional-specific measures directed at local
damage. We selected one measure—the ban on crop residue burning—and further
characterized its instructional incongruity.

19.3.2 Counteracting Agricultural Soil Protection
Policies—The Practice of Crop Residue Burning

Kulunda steppe, as indicated above, largely used for arable farming, shows a
widespread production practice of crop residue burning (CRB) (Romanenkov et al.
2014). An analysis, conducted with the help of advanced satellite remote sensing
methods, found that fire used in agricultural practices account for 8–11% of global
fires from 2001 to 2003 (Korontzi et al. 2006). It was estimated that 31–36% of all
agricultural fires worldwide occurred in Russia making the country globally to the
largest contributor to crop residue burning (Korontzi et al. 2006), yet themissing data
for exact estimation of the extent are frequently pointed out (Romanenkov et al. 2014,
p. 349). Sukhinin et al. (2004) have calculated by using satellite pictures that in 2000,
an area of 164.000 ha was burned in Altai Krai. Using the figures from the Federal
Forest Agency, the agricultural land area under fire accounted for 76.000 ha in Altai
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Krai in the first half of 2014, encompassing arable land as well as (dry) grasslands
(Federal Forest Agency 2016),1 but likewise with large regional differences.2

Crop residue burning, Altai Krai 2014. Photo Ladislav Jelinek

Pérez-Cabello et al. (2010) and Novara et al. (2011) regard such fires as the
main contribution to land degradation. Despite these known side effects, the burning
allows a relatively easy way of disposing the residues from arable land and preparing
the land for subsequent agro-technological operations, suitable for standard Soviet-
technology. Notably, off-field demand for crop residues (Smil 1999), such as for
animal husbandry, is very limited in contemporary Russia (Romanenkov et al. 2014,
p. 349).3 Thus, there are not many alternatives to burning, except switching to con-
servation tillage practices, such as no-till or mulch tillage (see Bavarova et al., this
volume). In the broadest sense, conservation tillage is defined as a tillage system that
leaves enough crop residues (residue cover of at least 30%) to the field after harvest,
to protect the soil from erosion (Laflen et al. 1985; Smil 1999; Uri 1999). Mirovit-
skaya and Soroos (1995) estimate that half of the cultivated farmland in Russia is
affected by wind and water erosion, both are seen as continuous risks for the Kulunda
region (ROSREESTR 2013). Conservation tillage would enhance carbon sequestra-
tion and humus accumulation in the soil (Chap. 14 this volume). An increase in the
risk of drought is indicated by spatial patterns showing that the Kulunda area will

1Fire statistics usually refer to agricultural lands which includes forest belts and moorlands. We
corrected the numbers accordingly.
2Expert opinion describes the outreach of that practice: “In the follow-up spring, after a high grain
yield season, about 25% of the agricultural area under conventional cultivation is burned.”
3Average density of the cattle is only around 7 heads/100 ha of agricultural land ROSSTAT
2016. Regional Statistics. Agriculture and Forestry Section. http://akstat.gks.ru/wps/wcm/connect/
rosstat_ts/akstat/ru/statistics/enterprises/agriculture/. Accessed July 2016.

http://akstat.gks.ru/wps/wcm/connect/rosstat_ts/akstat/ru/statistics/enterprises/agriculture/
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become drier and warmer (Degefie et al. 2014), which requires to follow agricultural
production methods that stores moisture in the soil.

19.3.3 Land Protection Monitoring

Three authorities based at the federal level are responsible for land protection moni-
toring in the Altai Krai. This responsibility includes the identification of a potential
non-compliance, damage rate quantification and, finally, sanctioning the offender.
However, this monetarization of degradation only refers to the chemical contamina-
tion, illegal waste disposal or illegal plot development. No other land degradation
parameter is quantified, in that sense.

Local oblast-level regulations were introduced in 2000 to regulate CRB (Roma-
nenkov et al. 2014, p. 348). Since 2001, further regulations were passed: the Federal
Code on the Administrative Torts in 2001 and in the frame of the regional Adminis-
trative Act on the Violation of the Justice in Altai Krai in 2002. The Federal Code did
not explicitly refer to agricultural areas, but the regional law specifies “burning of
crop residues on agricultural land, natural protected areas, in traffic zones or around
water basins” will be penalized.4 The regional law was amended at the end of 2013
as the court concluded there is no need for two separate legal acts. Since 2014, a new
regulation specifies: “burning of the crop residues on agricultural land is allowed
under the following conditions: fire security of municipalities and infrastructure has
to be ensured and it has to be proven that there is no other available mechanism how
to dispose the crop residues.”

The amendment requires strict pre-conditions for those who want to burn on the
agricultural land. The unreasonable high costs to meet the pre-conditions5 act as a
de facto a prohibition to burn on agricultural land. The controlling and monitoring
mechanisms remained unchanged and continued to be under the responsibility of the
Regional Ministry of Natural Resources and Environmental Protection.

19.4 Institutional Compatibility Assessment

The policy and corresponding regulation aiming at reducing CRB that include the
latest amendments are accompanied by the still large area under fire every year.
Annual satellite pictures give hints that the regional appearance of agricultural fires
has not been significantly reduced (Federal Forest Agency 2016). Following the
PICA procedure also outlined in Theesfeld and Jelinek (2017), we will depict CIAs
that counteract effective policy implementation at various institutional levels.

4The penalties varied between 1.500 RUB (30 EUR) up to 2.000 RUB (40 EUR) and 30.000 RUB
to 40.000 RUB (600–800 EUR) for physical persons and legal entities, respectively.
5Authorization of the body carrying out the fires, proof of anti-fire equipment and training.
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19.4.1 Governance

There is a lack of compensation payments schemes to enable farmers to refrain
from the prevailing technology that entails burning of the harvested crop residues
and tillage operations each season. In order to comply with the regulations enforced
since 2000, farmers need to invest in new machinery to handle the straw and tackle
the previous year’s harvest. Direct seeding equipment must be designed to operate in
heavy residue conditions and in soils that have much wetter surfaces when compared
to conventional tillage systems. An agricultural technology dealer for Central Asia
and Russia estimates the costs for a multifunctional sawing machine, which is capa-
ble to seed in the straw, to be at 150.000 Euro. Those machinery is partly missing
in Russia or not compatible with the old Russian tractors used. The ability to chop
and disperse residues uniformly across the cut is decisive, too, but most grain har-
vesters are not equipped with straw choppers. The cost of a straw chopper for the old
Soviet harvesting machine is specified by the expert with approximately 2.000 Euro.
Bavarova et al. (Chap. 16, this volume) do likewise point to the large investments
obstacle believed by the farmers as a reason for non-adoption of no-till cropping.

Unlike nutrients from inorganic fertilizers, macronutrients in crop residues are not
readily available. The straw to decay sufficiently requires microbiological processes
in the soil. The short vegetative period in the Kulunda region could hardly provide
such conditions. The decomposition of residues will actually withdraw nitrogen
from the soil, and without additional nitrogen fertilizer to be spread on the field, the
short-term productivity of the soil is even reduced (Smil 1999). Conservation tillage
practices, ranging from zero tillage to minimum tillage, calls for more fertilizers
and pesticides during the initial years but providing an estimated yield increase
by 20–25% in future years. Figures from Kazakhstan clearly show this agronomic
relationship (FAO 2012). Zentner et al. (2002) who could study longer time series in
the Canadian Prairies, likewise support this relationship. Many farmers complained
on a lack of information about this complexity of yield decrease and cost increase
in the first years when shifting from traditional tilling technology (including residue
burning) to conservation technology. This supports findings of Prager et al. (2012)
and Sergienko (Chap. 22, this volume) on the importance of knowledge transfer, such
as advisory systems as key requisites for the implementing environmental regulations
or conservation practices.

The responsible agency which monitors the compliance in the Altai Krai and
which organized the administrative procedure is the Administration of Natural
Resources and Environmental Protection (CANREP). In fact, it governs the major-
ity of policies that relate to the environmental protection on agricultural, forest and
industrial areas, manages natural protected areas, executes the law on air protection,
maintains the anti-erosion forest belts and executes hunting regulation. The CAN-
REP uses publicly available satellite pictures with registered fires (“kosmosnimky”)
to detect the illegal fires and their extent. In addition, Rosleschoz—the organization
responsible for the forest management—publishes data about identified field fires.
The Gebler Ecological Society is actively involved in the patrolling of fires to help to



19 The Role of Institutional Policy Congruity … 283

put the fires down. Even, farmers confirmed that the staff capacities are not sufficient
in relation to the area to be monitored and a number of 676.000 agricultural compa-
nies and (semi)subsistence household units. Additionally, CANREP‘s overlapping
responsibilities do not allow for sufficient investigation. The agency admitted that
the proportion of the violation that ended up with the offender prosecution is lower
than 5%.6

The prosecution required to provide unique evidence, in order to find the accused
person guilty. However, only in minor cases farmers admitted that they initiated
the fire. In other cases, they claimed either that there were other causes of the fire
or identified an unknown responsible person. Moreover, the relatively low level of
fines, 30–40 Euro, has been stated to be not dissuasive.

The amendment that has been in force since 2014 has put evenmore administrative
burdens on the controlling agency, such as investigating as to whether the potential
offender had no alternative than to burn the residuals.

19.4.2 Property Rights

In the following, we draw the attention to the property rights arrangements, and
how they impact on the regulatory measure. It has been argued that property rights,
i.e., the rights and duties to the use of a natural resource, whether de facto or de
jure, significantly affect the incentives individuals face to invest in long-term land
improvements (Brasselle et al. 2002). The current proportion of land in private pos-
session is estimated at about 55% for the region (ROSREESTR 2013). Although
the relationship between the extent of private land ownership and the propensity to
follow conservation soil management is complex (Brasselle et al. 2002), as outlined
already in Theesfeld and Jelinek (2017) the interviewees in the Kulunda steppe often
declared that with the increasing amount of privately owned land, they are more
willing to apply the conservation land practices and are willing to invest in the soil
fertility.

An important factor that impacted the investigation of the controlling agency
was the existence of the public servitude right. Based on history, when land was
commonly used in Russia, the court confirms that this free accessibility of any plot
makes the prosecution to require evidence for the fire that was set or the waste that
has been disposed illegally, more difficult by the alleged offender.

6Personal communication with the staff at the Administration of Natural Resources and Environ-
mental Protection.
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19.4.3 Beliefs, Norms and Trust

The crop residue burning is embedded in tradition, norms and social values. Such
informal constraints are usually present in a society for a long period and take cen-
turies or millennia to change. Given the fact that such embedded social institutions
change only slowly and can hardly be directly addressed by a policy, it still has to be
taken into account as a facilitating or hampering factor. The latter suggests that the
policy procedure is not in line with the underlying social context and can thus not
count on voluntary compliance.

Pereira et al. (2016) have shown for the post-socialist country Lithuania that
particularly the perception of the impacts of fires determines the reaction of farmers
to fire regulation. Analogously, in the Kulunda steppe, we could detect widespread
believes (73% of respondents) about the positive effects of CRB on the soil, such as
reducing weeds and pests. Not surprisingly, these farmers regard the regulation as
an obstacle for farming. Bavarova et al. (this volume) provided evidence from the
Kulunda region that particularly small-scale farmers doubt the suitability of no-till
farming for their conditions. Further, as Schneider et al. (2010) stress for Switzerland,
a switch to no-till farming has changed their perception of the aesthetics of cultivated
land and thus their underlying values.

Similar to studies fromBulgaria andCzechRepublic (Prager et al. 2012),we found
low trust in officials as information providers, due to the communist legacy where
government officials worked to conceal information. Yet this trust is detrimental for
any policy that is based on voluntary measures.

19.5 Conclusion

Drawing on a case study of theKulunda steppe in South-Western Siberia,we explored
how far a command-driven policy, the ban on crop residue burning, is congruent with
the prevailing institutional context.Wehave shown that the appearance of agricultural
fires has not been significantly reduced, despite the formal regulation. With the help
of the Procedure of Institutional CompatibilityAssessment, we structured the reasons
for the policy‘s ineffectiveness.

It turned out in line with the findings of Lutz et al. (1994) that missing of monetary
compensation measures for the high adjustment costs, when switching to a different
production method in order to reduce crop residue burning, is a core constraint of
farmers to change to soil conservation practices. To keep the agronomic and technical
requirements for law following behavior inmind and to support needed technological
innovation is something likewise relevant with regard to other policies and measures
dealing with sustainable land use.

High costs of monitoring and the almost impossibility to convict the offender
are detrimental for the ineffectiveness, too. In line with the 2014 amendments, the
updated law even puts new requirements on the monitoring agency as the newly
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introduced security pre-conditions that have to be administered and controlled. The
controlling difficulties are similar to other soil protection measures, too. Farmers
complain, for instance, about a non-transparent system of penalties referring to the
required soil nutrient level. Additionally, there is a particular property right of free
access of plots by anybody. The strength of embedded beliefs and traditions is sig-
naled by farmers‘ attempts to cite such customary common access to land as a defense
against prosecution for fire-setting, in court. Further, this argument makes it difficult
to impose sanctions. In such situations where controlling and sanctioning impose
prohibitive high transaction costs, policies need to count on measures that support
rather voluntary commitment.

The ban of CRB is a typical example of the current model of land protection policy
in Russia, namely a strictly regulatory administrative landmeasure. Following Hage-
dorn (2008) our analysis points out that this general and central way of administration
omitted nature-related specificities of the sector, such as jointness of production and
lack of separability, same as local agro-ecological conditions. Many actors, besides
those being directly involved in the transaction (working on the soil), are affected,
which calls for a broader participation in the planning of agricultural land protection
measures. In line with that, we found a lack of knowledge on the broader policy
objectives to fight land degradation and only few measures that advise and inform
the farmers about agro-ecological relations of alternative production measures on
their specific soil types.

Still, the adjustment costs of farmers and the governance of the controlling bod-
ies can be addressed in short term. Yet the factors connected with the land tenure
system and particularly personal attitudes of farmers toward soil conservation can
persist over generations and can only be changed slowly, exceeding the time span of
regular political programs. Yet the empirical case also proved for Russia that isolated
measures addressing soil degradation at only one level of institutional analysis, e.g.,
introducing a targeted credit scheme, do not go far enough. Rather, an introduction
of a public information campaign or strengthening the advisory system to supple-
ment the investigated measure could shift farmers’ adherence to soil conservation
policies. Yet the move toward novel forms of governance that count on voluntary par-
ticipation and educating the addressed actors will encounter difficulties in a political
and administrative environment with a command-and-control legacy, as in Russia.
One of the difficulties with environmental measures is the time span of ecological
processes: Humus accumulation in soil, for instance, is a process whose benefits
can only be measured long term. The temptation in a political system however is to
propose short-term policies, with arguably visible and measurable results.
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Chapter 20
Spatial Patterns of Actual Demographic
and Migration Processes in Kulunda

N. I. Bykov, M. A. Borisenko, S. Lentz and A. Wust

Abstract The Kulunda steppe is an important agricultural area in Russia and Kaza-
khstan. Yet, various socio-economic processes affect the options for its sustainable
development. Actual demographics and migration have an important place among
these processes and do particularly affect human capital and labour development
for agricultural farm businesses. This chapter will outline various demographic and
migration trends providing a detailed comparison among the districts of the Kulunda
region.

Keywords Demographic situation ·Migration · Kulunda · Altai Krai

20.1 Demographic Development in Altai Krai

The rapid growth in global population is increasing the importance of the agricultural
lands, which are called on to solve the food problem. The Kulunda steppe is one of
these areas with vast availability of agricultural lands. It has fertile black and brown
soils and is a major farming area, whereas precipitation is a limiting factor. This
area’s sustainable development depends to a high degree on the success of farming,
which requires the improvement of agricultural technologies, application of more
economically efficient mechanisms, skilled human capital, as well as more effective
public administration and regulations.

Demographic and migration processes are a consequence of and, at the same
time, a central driving factor in the area’s socio-economic development. One impor-
tant process is the changes in the availability of skilled labour that is needed for
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Fig. 20.1 Mean annual population change, 2010–2015. Source Bykov and Borisenko, own calcu-
lation (2015)

modernization of agriculture. This chapter describes the actual demographic situa-
tion in the region, which allows us to draw a more detailed picture of the region’s
socio-economic trends.

Overall, the region’s population has been declining for a long period of time
(Eremin and Bykov 2011). The period from 2010 through 2015 was no exception.

Among all districts of the Kulunda region, only Pavlovsk district saw a popula-
tion increase in this period (Fig. 20.1), for all other districts the demographic balance
was negative. Furthermore, the distribution of values for negative population bal-
ance indicates some correlation with the distance from the region’s capital, Barnaul.
Pavlovsk district is the closest and best-connected part to Barnaul compared to all
other districts studied. Between 2010 and 2015, the population in all other districts
has decreased by 1–3% annually (Fig. 20.1). For the majority of them, it is a result
of both natural population decline and a negative migration balance.

Only three districts in the region were not affected by these two factors, but had a
surplus of birth relative to the losses by deaths. These districts are part of the Barnaul
conurbation or situated either within the main infrastructural ‘artery’ or the forest-
steppe zone (Fig. 20.2; coded as types 3 and 4). The five districts coded as type 6
(Fig. 20.2) have higher natural losses than losses by migration. In the worst cases, a
critical population structure causes such a situation: a long-term outgoing migration
leads to ageing, so that at a certain point the potential for migration is exhausted and
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Fig. 20.2 Causation types for demographic dynamics. Source Bykov and Borisenko, own calcula-
tion (2015)

the cases of death become statistically more prominent. The demographics of the
age structure in these districts deserves closer investigation.

Districts coded as type 7 show, contrary to the types discussed above, out-
migration leading to net losses regardless of destination. Type 8 districts, all more
remote from the regional capital Barnaul, are characterized by decreasing population
because of migration, despite the demographic surplus of births over deaths.

In most districts, the numbers of in- and out-migration preponderate the cases
of births and deaths. Therefore, the following sections will take a closer look at the
migration statistics. Here, the unit of consideration is the district with the purpose to
unveil spatial patterns of in- and out-migration across the entire Kulunda region.

In 2010–2014, Pavlovsk districtwas the only onewith a positivemigration balance
(Fig. 20.3). All other districts experienced a negative migration balance, many of
them from−15 to−25 per mill. and year. The major share of the mobile population
leaves districts in the Kulunda region in favour of other regions of Russia, many of
them, of course, for Barnaul, the region’s capital; another larger share migrates to
the European part of Russia.

Given this, it may be a surprise, that the statistics of international migration show
a positive balance for the majority of municipal districts (Fig. 20.4). This is because
Altai Krai is an attractive destination for migrants particularly from Kazakhstan and
other Central Asian states, who seem to consider it a safe haven at the beginning of
their migration paths. However, this does not necessarily lead to a sustainable inflow
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Fig. 20.3 Migration balance in the region 2010–2014, per mill. Source Bykov and Borisenko, own
calculation (2015)

of population, since many migrants leave the region after a while, as it often cannot
provide the desired socio-economic conditions to found a stable existence and make
a living.

The special cases are the north-western districts Slavgorodskii, Khabarskii and
Nemetskii. There, international migration balance is negative due to a still ongoing
out-migration of ethnic Germans. Even after two decades of emigration, their share
is still high in this area and the trend of emigrating to Germany persists. At the
same time, similar to the other districts, these districts are also targets for quite a
considerable number of migrants from Central Asia. However, this inflow does not
fully compensate the out-migration (Fig. 20.4) so that the balance in international
migration is still negative.

It is also important to consider the origins of migrants within Russia in order
to design more effective and appropriate policy measures for regional development
(e.g. further education).

The share of migrants arriving from other regions of Russia ranges from 12 to
41% of migration in the districts of arrival. The spatial distribution of values strongly
correlates to the geographic proximity to other regions. The farther north and by that,
the closer to other regions of Russia, the district is, the higher is the share of people
arriving from other regions of Russia (Fig. 20.5). This gives rise to the hypothesis
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Fig. 20.4 Balance of international migration, 2012–2014. Source Bykov and Borisenko, own cal-
culation (2015)

that this type of immigration is rather part of a regional migration system making
the geographic convenience as a primary driver. On the national level, it appears
that Kulunda region is not attractive enough for long-distance migration in a larger
system.

The spatial pattern of inbound migration of the area is somewhat different. From
a geographic and structural point of view, the proximity to urban areas and a good
transportation infrastructure are crucial. The highest number of inboundmigrants are
heading to suburban districts—Pavlovskii, Rubtsovskii—and to district centres on
major arteries, including transportation hubs. Secondary targets are district centres
such as Aleiskii, Shipunovskii and Blagoveshchenkii (Fig. 20.6). In 2010–2015,
some 6000–9500 people arrived in each of these districts. These districts are also the
leaders in the absolute numbers of people coming from other regions of Russia.

Finally, migrants from other countries account for 1–20%. Here again, the spatial
pattern is determined by proximity: the closer to the Kazakhstan border, the higher
the relevance of international migrants (Fig. 20.7). Kulundinskii and Rubtsovskii
districts are especially noteworthy. The first is adjacent to a major hub station, the
second to the third-largest city in Altai Krai.

Additionally, there seems to be a structural pattern. The majority of international
migrants first of all settle in districts close to Barnaul and Rubtsovsk—Pavlovskii,
Topchikhinskii and Rubtsovskii; second in districts on major arteries—Kulundinskii
and Blagoveshchenkii; third, in border districts—Uglovskii. Nemetskii district is a
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Fig. 20.5 Percentage ofmigrants fromother regions ofRussia of all immigrants 2012–2015. Source
Bykov and Borisenko, own calculation (2015)

Fig. 20.6 Share of inbound migrants, 2010–2015. Source Bykov and Borisenko, own calculation
(2015)
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Fig. 20.7 Percentage of migrants from other countries 2010–2015. Source Bykov and Borisenko,
own calculation (2015)

special case, as mentioned above. It has a negative international migration balance,
but number of people arriving in this district is still significant. There is a certain
population ‘turnover’. Migrants from Central Asia are ‘replacing’ emigrants to Ger-
many.

The spatially uneven effects of migration lead to a redistribution of numbers
and densities of population. As such, the effects of migration raise the question of
sustainable development of the Kulunda region, as migration often is a highly age-
selective process. The age structure within the shares of emigration and immigration
indicates favourable conditions on the labourmarket in terms of availability of labour,
as well as potential for intervention through education in case of young adults.

However, in almost all districts in the area, there is a negative migration balance
of young people (age 15–29), who are the most mobile age group. This age group
makes up for 25–80% of all migrants in the districts. Moreover, even in districts
where population is growing due to migration, the shares of young people are still
in decline. For those districts, however, it will be worth to have a closer look since
such statistics may indicate the phenomenon of circular migration, due to mobility
for education. The arrivals of young people (age 15–29) are spatially distributed
unevenly throughout Kulunda (Fig. 20.8). They appear to prefer suburban districts
and those on major arteries: Pavlovskii, Rubtsovskii, Slavgorodskii, Kulundskii,
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Fig. 20.8 Arrival of young people (age 15–29) in 2012–2015. Source Bykov and Borisenko, own
calculation (2015)

Blagoveshchenskii and Shipunovskii. To each of these districts, between 1500 and
2200 young people came in the period 2012–2015.

These demographic effects sum up in a long-term tendency of population concen-
tration. In other words: population as a whole declines, and at the same time becomes
less scattered. In this spatial redistribution, the countryside shows higher rates of loss.
Size of settlements seems to have an effect on migration too: the larger a settlement
is, the smaller the losses are or there is even growth. The spatial polarization of
population intensifies as a result (Bykov et al. 2014).

20.2 Conclusion

For most of the districts, migration flows are the crucial element influencing their
population dynamics. In most cases, the population decline (natural as well as by
migration) leads to the ageing of the population. This, in turn, calls for new concepts
in the regional development policy (see Chap. 4 this volume).
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Chapter 21
The Socio-Economic Environment
of Innovative Agriculture in Altai Krai
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A. Trotskovsky, Y. Perekarenkova and M. Sundeeva

Abstract In order that Kulunda can become a ‘learning region’ for agricultural and
rural development, where the link between ecology and efficiency should be the
leading idea, various possible mechanisms of knowledge transfers related to new
technologies for agricultural production have to be explored. As a background, this
chapter summarizes key data on the agricultural and forestry sector including data
on labour force. Aspects of residents’ living standards, housing conditions, school
system, health care and not to underestimate the role of cultural institutions and job
opportunities outside agriculture are discussed as having an effect on the willingness
of people to stay in the region.

Keywords Learning region · Regional social capital · Housing · Education ·
Regional development · Standards of living · Socio-economic development ·
Socio-demography
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21.1 Introduction

One of the possible solutions to prevent soil degradation in Kulunda steppe is to
implement the idea of ecologically friendly and, at the same time, economically
efficient agricultural technologies at the regional level. The link between ecology
and efficiency (see likewise the discussion on the impact of efficiency in plant pro-
duction technologies in Chap. 17) should be the core idea in regional development
programmes, business plans of agricultural producers and the educational system. In
other words, Altai Krai has to develop some features of the so-called learning region
(Healy and Morgan 2012). It could let the region begin the self-sustaining processes
of knowledge borrowing and knowledge making without any further efforts from
external agencies. Unfortunately, Altai Krai today does not present very good struc-
tural preconditions to be or become a learning region. On the one hand, it is a very
large region with a poorly developed transport system, meaning that its geographical
proximity is not ideal, though the latter is not a key requirement. Regional social
capital (Malecki 2012) is also at quite a modest level. As in Russia at large, we can
see no rural movements in this area (Mamonova and Visser 2014) or ability for local
communities to take collective action (O’Brien et al. 2005). Moreover, local busi-
ness is atomized and business networks of organizations are not performing as sites
for knowledge transfer. In addition, concerning the goal of long-term sustainability,
agricultural producers do not consider the regional phenomenon of land degradation
to be a primary threat to their business, yet.

On the other hand, Altai Krai has the potential to implement new agricultural
technologies. Firstly,many of theAltai farmers are already technicallywell equipped,
are very aware of new methods of agricultural production and are able to produce
tacit local knowledge adapted from codified agricultural expertise. Secondly, the
educational system in the region is one of themost developed social domains. It could
thus be used as the mechanism for knowledge transfer and further development of
joint learning. Finally, the socio-economic environment in the region is still strongly
influenced by a readiness for innovation.

Therefore, to establish some elements of the learning region in Altai Krai, we can
suggest three measures:

• Promote the most efficient and distinguished farmers in the local business com-
munity as distributors of new technologies.

• Institutionalize various business organizations and events in order to form solid
social ties among farmers and thus foster knowledge transfer.

• Channel the new knowledge and (ecologically oriented) ideology into educational
programmes at the school and university levels as well as into further professional
training.

It is important that these actions should not be executed in the form of trivial pro-
paganda. These institutional and network structures should in fact serve as spaces and
mechanisms for knowledge sharing (rather than transfer) and critical consideration
of that knowledge. In other words, they should create a setting of productive tension,
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where cognitively distant actors create so-called structural folds that promote inno-
vations (e.g. adaptation of codified knowledge into local tacit knowledge) (for the
implementation of the structural fold concept see, for instance De Vaan et al. 2015).

At present time, the Kulunda steppe region in Altai Krai is a major staging area
for testing the possibilities of agrarian economic diversification and its use as a
basis for agricultural innovations. Being rich in natural resources, it has considerable
potential—accumulated across all industry sectors during the process of its intensive
assimilation, which began in the middle of the last century. At that time, a massive
ploughing of fallow lands alongside with the planting of shelter-belts (windbreaks),
building irrigation systems and organizing state-run collective farms began, making
Kulunda the main agricultural region in Altai Krai. However, in the post-Soviet
period, the economy in this area saw a significant decline, which grew into a sustained
depression that lasted until the early 2000s. Since then, Kulunda’s economy has
seen individual successes in the agricultural sector, in particular in developing large
and medium-sized farms that can use modern technologies aimed at ecologically
sustainable agriculture (see Chap. 16). Successes in the agricultural sector induced
other areas of economic life and the region’s rural social subsystem. For example,
the investment climate improved, the pace of housing construction increased, work
performance for infrastructure facilities picked up, and there has been steady growth
in the population’s standard of living.

However, since 2014 the region’s socio-economic development has been in decline
again. According to experts from the Altai Krai Main Economics and Investment
Administration, it is the consequence of—‘high baseline indicators for the pre-
vious year and adverse weather conditions’ (Administration of Altai Krai 2015,
p. 3). They significantly reduced output, especially for agricultural production, up
to 89.6% compared to the previous year’s level (Administration of Altai Krai 2015,
p. 3). According to a study, performed as part of the joint Russian-German research
project KULUNDA, the process of decline in the Altai Krai Kulunda steppe region’s
agricultural sector began back in 2013. This, in turn, indicates effects of other areas
of human activity on the area’s population.

21.2 Brief Overview of Regional Economics

In terms of regional economic performance, since 2008 Altai Krai has been among
the Russian regions that were least exposed to the adverse impact of the global
financial crisis. The rate at which Gross Regional Product (GRP) fell in Altai Krai
was far lower than the national rate in 2008–2009. The fact that the krai lacked the
tremendous advantages of earning high incomes from the export sector played a role:
in 2008, per capita exports in Altai Krai were 6.2 times lower than the national figures
(USD 0.53 and 3.30, respectively). In the last few years, there has been a positive
trend of higher rates of growth, which, e.g., expresses itself in the index of physical
investments into fixed capital in Altai Krai compared with Russia. As a result, in per
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Fig. 21.1 Per capital investments into fixed capital in 1990 prices, RUB. Source Rosstat data,
authors’ calculations

capita investments in comparable prices, the krai is approaching the average national
values (Fig. 21.1).

This trend is a result of the fact that the investments into fixed capital as a share
of the krai’s GRP grew at a rate higher than the national average. The situation in
Altai Krai regarding fixed capital accumulation at least has not worsened over the
last few years. In 2012, the krai returned to its pre-crisis level for this indicator, and
in 2013–2014, it managed to keep this indicator on the same level. This level and,
most important, the increased rate of the krai’s development are creating propitious
conditions for an increase in its economic potential, which to date has not undergone
substantial changes.

21.3 Socio-Demographic Characteristics

In recent years, the majority of agricultural enterprises located in the Kulunda steppe
region have switched to innovative agricultural technologies and heavy-duty mod-
ern equipment, especially for crop farming. As a result, workforce productivity has
greatly increased in this field, which, in turn, has led to a reduction in the number
of those employed. According to the study, the majority of those rural residents left
unemployed have joined the service sector and small urban businesses, but not nec-
essarily in Altai Krai; many do shift working at the mining companies in Russia’s
Far North (for more detailed migration trends, see Chap. 20). Consequently, many
villagers have experienced a decline in the proportion of private farming in their
income structure while the proportion from entrepreneurial activity has grown.

According to the Russian State Federal Statistics Service (2016), the official cash
income level earned by Altai Krai rural residents is less than 50% of the amount than
that of Russia’s average, and that gap continues to grow despite the use of innovative
technologies. There is a growing divergence between urban and rural residents in
the composition of their cash income, with the latter receiving an increasing share
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of various social welfare payments. The salary of those employed in the agricultural
sector in 2015 was 1.5 times lower than the region’s average, and the official unem-
ployment rate in rural areas amounted to almost 12%, which is more than two times
higher than that of urban areas. It is worth noting that in rural areas, it is common
practice for workers hired by farms to go to the unemployment benefits office and
receive several months of unemployment benefits during the winter season due to
the lack of work, and then continue working at those farms from spring to autumn.

21.4 Key Features of the Agricultural Sector

A share of 32 of the Altai Krai’s 59 rural districts is located in the Kulunda steppe
region:

• Eleven are located in the forest steppe, comprising 34% of the region’s area;
• Four are in the mixed temperate and forest steppe, making up 14% of the region’s
area;

• Five are in the temperate steppe, comprising 12% of the region’s area;
• Six are in the mixed temperate and dry steppe, making up 20% of the region’s
area;

• Six are in the dry steppe, making up 20% of the region’s area.

The entire Kulunda village district occupies an area of mainly mixed dry and
temperate steppe—and comprises around 25% of the region’s total area.

The area of land devoted to agriculture in the Kulunda region is 6.7 million
hectares, or 58% of the corresponding figure for Altai Krai; 4.2 million ha (64%)
thereof is arable land. The portion of arable land in the Kulunda steppe region is
62%, which is higher than the corresponding figure of 56% for the average in Altai
Krai. In general, the Kulunda area is characterized by a high degree of tilled land.

In the Kulunda steppe region, there are more than 230,000 organizations with
various forms of ownership involved in agricultural production—this is approxi-
mately half of all the agricultural enterprises in Altai Krai. A number of 1901 enter-
prises can be considered as professional commercial enterprises; among them are
576 agriculture companies, 1325 peasant farms and individual entrepreneurs. There
are additionally 228,750 farms, classified as private farms.

A number of 636 professional enterprises (33% of the total) fall into the category
of ‘small’ in terms of the area of land they use—meaning that each of them cultivates
less than 2000 ha of agricultural land; 541 of them, or 28%of the total, are categorized
‘medium-sized’, cultivating from 2 to 6000 ha. 724 companies, or 38% of the total,
have more than 6000 ha of land and are classified as ‘large’.

Grain and legume production in the Kulunda steppe in 2011 was 2.43 million
tons—almost 62% of the total for Altai Krai; much of that was accounted for by
spring wheat, of which there were 1.86 million tons produced, or 77% of the total
grain and legume harvest in this region.
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In the dry and temperate steppe, crop yields for wheat are lower than in the
Kulunda region’s forest steppe. For example, in the dry steppe the average wheat
yield is 7.7 long hundredweight/hectare, with the maximum being 9.6 cwt.l./ha and
the minimum being 5.3 cwt.l./ha. In the temperate steppe the average wheat crop
yield is 12 cwt.l./ha, and the maximum is 21 cwt.l./ha.

In relation to thewholeAltaiKrai, enterprises located in theKulunda steppe region
account for a similarly important proportion of livestock production. For example,
in 2011 companies in Kulunda delivered 77% of the total milk production in Altai
Krai and 41% of Altai Krai’s live-weight livestock and poultry production.

The number of residents in Kulunda employed in the agricultural sector in the
same year amounted to 34,040 people, 86.8%ofwhomwere employed in agricultural
companies and 13.2% as peasant farmers and individual entrepreneurs. The average
size of agricultural companies was 59.3 workers, with an average of 3.9 in peasant
farms and individual enterprises. The efficiency of manpower utilization, as defined
by annual per capita agricultural output in monetary terms for one person employed
in agriculture, differs highly from company to company so that it is difficult to give
a general description (for details, see: Ponkina et al. 2014).

TheKulunda steppe region’s agriculture sector is actually undergoingmajor struc-
tural changes compared to 2011. For example, experts indicate there is just a handful
of livestock companies remaining in the Kulunda steppe region—and despite being
equipped with modern technology and having valuable breeds of highly productive
livestock, these companies are practically operating at a loss. They attribute this to
several main factors, including the inaccessibility of loans, pricing unpredictability
and problems with both qualified personnel and output sales. Large farms, those spe-
cializing primarily in the cultivation of wheat and sunflowers, are the only ones for
which crop farming has been profitable over the past few years. In this connection,
the profitability of small and medium-sized companies fell below 10% back in 2013,
which primarily affected the wages paid to workers. As a result, according to the
Altai Krai’s Main Economics and Investment Administration, actual profitability of
agriculture companies (taking into account subsidies) amounted to 8.3% in 2014.
However, in order to ensure the implementation of Altai Krai’s strategy for its socio-
economic development by 2025, the agricultural sector’s level of profitability for
ensuring sustainable development needs to reach 12.5% in 2016, and 13% by 2017
(Administration of Altai Krai 2015, p. 14).

At the same time, switching to innovative agricultural technologies and using
heavy-duty modern equipment has increased not just agricultural workforce produc-
tivity, but also the area’s humanmigration. In the last five years alone, these processes
have affected the commodity component in the makeup of private farms, reducing
it to almost zero. Since the majority of the rural population can no longer engage
in heavy work due to age, the remaining workforce—those of working age—have
abandoned individual farms because of low profitability, high operational costs and
the problems with output sales.
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21.5 The Forest Engineering Industry

The Kulunda steppe has significant forest resources. In particular, unique ribbon
forests run through this region—pine forests in the form of ribbons that grew on
ancient alluvial sands. Their structure, ecological conditions, growth and reproduc-
tion areas are very specific. They perform the functions of climate control, soil
preservation and water protection for majority big part of the Kulunda steppe region
in Altai Krai. In addition, these forests are the only source of timber for the area, and
in certain regions up to 15–20% of all employees work in the field of forest engineer-
ing. Innovative technologies for reforestation and timber processing are tested in the
region. This industry plays an important role in the diversification of the Kulunda
steppe region’s rural economy and in maintaining the area’s ecological balance.

Because of its strategic significance, special attention is paid to the forest engi-
neering industry in Altai Krai’s socio-economic development strategy by 2025. This
document presumes an industrial transition ‘to an innovative way of developing
production and towards a structure where high-tech production has a leading role’
(Governor of Altai Krai 2012, p. 57). The strategy involves not only developing the
industry’s potential for innovation. Using that basis to create new, modern, high-tech
wood processing and wood chemical plants should also ensure the preservation of
potential environmental resources and the ecological responsibility of the region’s
forests through the formation of a ‘waste-free, high-performance, competitive, wood
processing industry cluster’ (Administration of Altai Krai 2015, p. 52, Governor of
Altai Krai 2012, p. 58).

21.6 Characteristics of Small and Medium-Sized
Companies

As of today, small and medium-sized companies in Altai Krai’s rural areas employ
less than 39%of all its entrepreneurs, and just 15%of the region’s small businesses are
concentrated there. Furthermore, revenues for this category of entrepreneurs make
up only 11% of the corresponding revenue figure for Altai Krai as a whole. This
low level of entrepreneurial activity, according to the authors of the programmes for
the sustainable development of Altai Krai’s rural land areas from 2012–2020 (here-
inafter—Programme for Sustainable Development of Rural Land Areas), is a key
factor affecting the standard of living for Altai Krai’s rural population (Administra-
tion of Altai Krai 2011).

Specialists and experts state that the main obstacles in developing this industry
are a shortage of qualified personnel, an inaccessibility of loans and sales outlets, its
high costs and excessive government supervision and bureaucracy.

“Even if some ideas arise for opening a business or even a small-scale production facility on
the part of entrepreneurs, they run into a dead end due to the fact that sales outlets are located
far away. Even Altai Krai’s capital, and transportation expenses here are becomingmore and
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more expensive in the cost structure […]” (personal communication with an administration
official in Altai Krai, Uglovsky District, September 2015)

At the same time, entrepreneurs themselves believe that conditions in theAltaiKrai do
not always allow large-scale, innovative production facilities to be efficient and com-
petitive. According to their statements in interviews, under certain circumstances,
small and medium-sized companies in rural areas are not only able to set up inno-
vative and competitive production facilities that provide a sufficiently broad range
of services to the population, they can even be more resistant to various kinds of
financial and economic crises and disasters.

“I think that, for instance, a pig farm is okay, a poultry farm is okay. However, you see, they
started to build a huge dairy plant in the steppe. There is nowhere to herd there, the cows are
only going to be fed through irrigation […] The thing is that there are some niches where,
for example, only a small-scale farming will work. They will get some milk and make some
ewe’s milk cheese […] You cannot make everything large-scale. Nevertheless, there is also
no point in having everything small-scale. Why? A meat packing plant will not be able to
make sausages well - one person brings this kind of a pig, another brings another […] One
kind of pig lard is this way, another kind of pig lard is that way […] Therefore, I would opt
for a mixture of all forms […]” (personal communication with a farm manager, Altai Krai,
Klyuchevski District, September 2015).

To revitalize and stimulate small and medium-sized companies in Altai Krai’s
rural areas in the framework of a Strategy for its Socioeconomic Development by
2025, an action plan has been worked out for companies that will tackle a number
of challenges in this area. Certain tasks were designated with high priority:

• Developing the infrastructure to support small businesses and ensuring easy access
for it;

• Concentrating resources to support high-priority business projects to create new,
competitive production facilities, including those that promote import substitution;

• Developing the social infrastructure in rural areas and ensuring that a wide range
of services is provided to Altai Krai’s population;

• Reducing the bureaucratic barriers to business development;
• Promoting entrepreneurial activity in Altai Krai; promoting entrepreneurship on
the part of young people (see: Action plan 2015, p. 21).

21.7 Housing Conditions, Utilities’ Infrastructure
and Social Infrastructure

The condition of the housing and utilities’ infrastructure in rural settlements, as well
as the social infrastructure and all infrastructure’s productive activity, is the most
important indicator of residents’ living standards and constitutes the basic conditions
for further developing other areas of human activity.

It should be noted that, according to some average statistical indicators related
to ensuring the population’s quality of life, rural settlements appear more attractive
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than urban ones at first glance. For example, housing space per capita for Altai
Krai rural residents exceeds the corresponding figure for urban residents by 11.4%
and amounts to 23.6 m2 per person (in urban areas it is 20.9 m2 per person). This
indicator also exceeds the one for actual housing space for Altai Krai’s population
in 2014 (22.6 m2 person) and is getting very close to the corresponding indicator
forecasted for 2017 (23.8 m2 person) that is expected as a result of implementing the
strategy for Altai Krai’s socio-economic development by 2025 (Administration of
Altai Krai 2015, p. 49). However, the high housing space indicator for rural residents
compared to the situation in cities is one consequence of migration from agrarian
regions into urban ones, an increase of which has been noted in recent years in
surveys of rural respondents (see Chap. 20). These surveys confirm observations of
a significant increase of houses that were offered for sale over the last years, as well
as announcements to this effect—in particular, in local newspapers.

Along with this, according to information in the Programme for the Sustainable
Development ofRural LandAreas, the indicators for the provision of public amenities
to rural households still lag behind the average indicators for Altai Krai. For example,
only 54.6% of the rural housing stock is equipped with water supply pipelines, with
the average for Altai Krai being 73.0%; sewage is 39.2 and 63.2%, respectively;
heating is 80.4 and 85.3%; hot water is 7.1 and 41.5% (see: Administration of Altai
Krai 2011).

This same programme also outlined stepping up residential construction in rural
areas during the 2006–2012 period, when housing was commissioned with a total
area of about 1.5 million square metres. Moreover, housing commissioned annually
in rural areas consistently exceeds 30% of the overall amount for Altai Krai—for
example, in 2012 it amounted to more than 40% (Administration of Altai Krai 2011).

It should be noted that the Kulunda steppe region differs from other areas in Altai
Krai not only by the severity of its environmental and climatic conditions, but also by
the low level at which the housing stock in rural settlements enjoys access to public
amenities and the social infrastructure. For example, most rural communities have
not yet been supplied with gas, even though this process began in 1995.

Since that time, according to data in the Programme for the Sustainable Devel-
opment of Rural Areas, 3700 km of gas distribution networks have been built, and
around 90,000 apartments and houses were supplied with gas. In addition, 1160
boiler facilities were converted to natural gas. However, at the time the programme
was written, the percentage of infrastructure supplied with gas throughout Altai Krai
was only 10%, and in rural areas, it was 6%—whereas the average in Russia as a
whole reached 58 and 40%, respectively (Administration of Altai Krai 2011).

During the Kulunda research project, respondents in Mikhailovsky District cited
a curious and innovative way to heat their homes with coal mixed with sawdust, a
method that locals have used here for ages as an alternative to expensive heating coal.
According to the director of one local vocational school, one of his female students
analysed this process and its calculations as a basis for a project, which she later
submitted to an environmental contest. Her analyses showed that the coefficient of
performance for this mixture is much higher than that of each component. Her work
was not awarded a prize at the competition in Mikhailovsky District, but because
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it was so interesting, it was sent to Barnaul together with the other prize-winning
works. Imagine how surprised the Mikhailovsky District contest jury was when she
received first place in Barnaul, and was then invited to a contest in Moscow where
her work received a medal. After the contest, the printed version of her work was
even borrowed by some of the participating innovators.

In some parts of the Kulunda steppe, problems with the water supply still have not
been resolved. These problems are even further exacerbated by the rough temperature
and humidity conditions of this area, where theremight be no precipitation for several
months. This causes the locals to be conservative when watering their household
plots. For example, the entire garden area can be fitted out with irrigation canals,
allowing water to be saved and eliminating soil degradation, which often occurs
when conventional irrigation methods are used.

With regard tohousing in rural areas, themain concentrations of stock aremostly in
areas that border Altai Krai’s capital, as well as in the region’s resort and recreational
areas.

The actual amount of housing built (purchased) for citizens living in rural areas
in 2014 amounted to 19,767 m2; in 2015, it was 16,800 m2, (of which 15,400 m2

were scheduled), including 10,300 m2 for young families and professionals.1 In
2017, the forecast plans to bring this number up to 19,000 m2, which is less than the
corresponding figures for 2014 (Administration of Altai Krai 2015, p. 14).

Implementing the Programme for Sustainable Development of Rural Areas in
2015 has permitted 121 rural families to improve their living conditions, including
86 families with young professionals. In 2016, the Altai Krai economy has 1.4% of
the overall number of those young families in rural areas, who need improvements
in their living conditions and have been registered in this capacity since 1 January
2013 (Administration of Altai Krai 2011).

This programme also pays special attention to the utility infrastructure’s decay in
the villages. According to its findings, in 2011 almost 31% of the heating system,
39%of thewater supply system and 22%of the sewage system needed to be replaced.
Moreover, heat loss throughout the networks constituted 22.1% of their total output,
and the unproductive loss of water amounted to 15.3% of the total volume supplied
to consumers. The number of damages in the water supply network reached 36 per
100 km of networks, and for the heating network, it was 27 damages per 100 km of
networks. This level of failure frequency—for example, with the villages’ municipal
water supply systems—is due to a high degree of wear from long operational periods.
Most of these systems were built in the 1960s and 1970s, and are now in need of
modernization (Administration of Altai Krai 2011).

According to the Altai Krai administration’s official website, in 2015 more than
72 km of gas distribution networks were put into operation in the region’s rural areas,
as well as more than 30 km of local water supply pipelines (Government of the Altai
Territory 2016).

1Data for 2015 on the actual amount of housing built (purchased) for citizens living in rural areas,
taken from Government of the Altai Territory (2016) Section: Economy of Altai Krai in 2015.
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Another important issue affecting the quality of life for the region’s rural popu-
lation is the quality of its drinking water. For example, at the time the Programme
for the Sustainable Development of Rural Areas was written, the groundwater sup-
plies used for drinking water in a number of rural settlements—constituting 30% of
the entire water supply—did not meet the requirements of sanitary norms and codes,
showing a high level ofmineralization. Thismeans that their chloride content reached
300–500mg/l, sulphate contentwas 400–700mg/l, and iron contentwas 0–32.0mg/l,
which is 1.54 times the maximum allowable concentration (Administration of Altai
Krai 2011).

At present, the education and health systems in rural areas are in the process of
being optimized and streamlined, the purpose of which is to both improve the quality
of services and to cut budgetary expenses.

According to the Main Board of Education and Youth Policy, in 2015 there were
1104 educational institutions in the region, including 970 rural schools (87.9%), of
which 755 were ungraded (77.8%), 910 preschool institutions, of which 594 were
located in rural areas (65.3%), with 405 of those ungraded (68.2%) (Main Board of
Education and Youth Policy 2015).

In addition, according to the Programme for the SustainableDevelopment ofRural
Areas, in the 2011–2012 school year there were 971 comprehensive schools oper-
ating in rural areas, with an enrolment of 115,900 students that represented 48.3%
of the total number of students in schools. However, in the 2009–2010 school year
there were 1027 of these schools, with an enrolment of 116,200 students. This means
that during the 2010–2011 school year 56 educational institutions were eliminated
throughout the region’s rural areas (representing 5.5% of all the institutions that
existed in the 2009–2010 school year). The streamlining process then slowed down,
and over the next three years, only one educational institution was eliminated. In
addition, according to the programme, in 2011 in Altai Krai there were 269 compre-
hensive schools in operation (every fourth school) in 244 school districts, which has
allowed the development of different forms of educational networking (Administra-
tion of Altai Krai 2011).

According to the Altai Krai’s Main Department of Education and Youth Policy, in
2015 a selection process took place for an innovative education infrastructure system
in Altai Krai. One hundred and thirty-seven Altai Krai educational institutions were
designated as regional innovation platforms. Among the winners selected, 38% are
rural and ungraded schools. Ten teachers in rural areas were awarded with the Altai
Territory Governor’s Prize, named after S. P. Titov, with a prize money of 125,000
roubles.Moreover,AltaiKrai is thefirst andonlyRussian region to promote educators
in rural areas, including those who are already retired, at the Russian Federation
regional level. The rating for the top 200 rural educational institutions, organized by
the Moscow Centre for Continuing Mathematics Education with the assistance of
the Russian Federation Ministry of Education and Science, includes three schools
in Altai Krai: Blagoveschensk School#1 in Blagoveschensk Region; Kluchevskaya
School#2 in Klyuchevski District; and Shipunovskaya School, named after A. V.
Lunacharsky. The number of schools using distance learning technologies and e-
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learning rose from 3% in 2011 to 26% in 2015 (in 262 schools) (Main Board of
Education and Youth Policy 2015).

Rural schools in Altai Krai actively practise innovative educational technologies.
The officer cadet school, in the village of Mikhailovskoye, is one example. Not
only does the school work with innovative programmes, but its organizational and
methodological approach, according to its director, is unique even for major cities—
starting with the selection process for first-year students, which takes place once
every four years. This school’s non-standard educational programme, created at the
initiative of Altai State University in 2000, follows the methods of a developmental
programme entitled ‘School 2100’, which is aimed at stimulating children’s intelli-
gence, astuteness and aesthetic perception. The idea behind creating this kind of an
institution, according to the director, was ‘to gather children together from remote
Siberian villages in town and give them the opportunity to receive a high-quality edu-
cation’ (personal communication with the director of the officer cadet school April
2013). This school manages this task successfully enough—children come here from
tiny villages across 56 municipal districts in Altai Krai, and even from neighbouring
Kazakhstan. Starting in 2004, the school introduced senior-level classes for cadets,
where training is designed to cover 4 years. In the beginning of the 2000s, the school
had seven parallel classes, attended by more than 300 children; in 2013, only three
parallel classes remained, attended by 205 children. According to the director, the
reduction in the number of students at the school was caused by the introduction
of per capita financing in schools, which resulted in school leadership, especially
in ungraded schools, trying to persuade the students to continue their studies while
promising them conditions that closely resemble tutoring.

There are senior-level classes at schools in the natural sciences, mathematics,
humanities and the military arts. There is also an athletic complex in a physical
education school where, in addition to the cadets, children from all over the district
come to exercise. The school often wins prizes in athletic competitions at different
levels, from district level to the Altai Krai regional level.

The school initiates various environmental activities to support the local admin-
istration. For example, every year in April, in conjunction with the high school’s
administration, it holds a ‘March for Clean Streets’. The administration allocates
money to print flyers and leaflets that urge residents to take part in this event. Before
the march, they hold a rally where speakers talk about the importance of environ-
mental activities; various actions are then determined. For example, at one of the last
meetings, they decided to collect batteries and energy-saving light bulbs in special
boxes to install in stores, schools and other public places. However, the school princi-
ple then needs to find a way to turn in the boxes and pay for the activities. The school
collects CFL and energy-saving lamps for recycling to the company ANATON for
30 roubles apiece. The ‘March for Clean Streets’ starts after the rally, with maps of
streets needing to be cleaned being distributed to participating teams; the teams then
begin the activity, and a contest is held for the cleanest street once the activity is
complete.

These successes and achievements in the field of education, culture and athletics in
Mikhailovsky District, however, contribute to the outflow of young people from the



21 The Socio-Economic Environment of Innovative Agriculture … 311

village. According to the school’s director, no more than 10% of its graduates return,
with almost none of themworking in a field they studied there. Upon graduation from
the school, cadets join the Border Guard Service. She believes that young people are
now focused ‘on simply earning money—they have no ideas for work or their career’
(personal communication with the director of the officer cadet school April 2013).

The main problems with rural health care in Altai Krai are the lack of qualified
personnel, the weak state of the existing physical infrastructure for rural health care
facilities. Medical equipment often is either outdated or almost 70% deteriorated,
and community health centres and district hospital buildings need major repairs. As
a result, the rural population often cannot get local, quality primary health care to
the extent it is needed.

In addition, Altai Krai has a high proportion of rural residents in its total popula-
tion, a significant number of small settlements and a low population density, which
creates certain difficulties in organizing and maintaining a network of health care
institutions, both primary care clinics and specialized health care centres, as well as
ambulance services.

The main goal of the Strategy for the Socioeconomic Development of Altai Krai
by 2025 in the health care industry is to preserve and improve the population’s health
by increasing the availability and quality of health care (Administration of Altai Krai
2015 p. 30).

According to the Government Programme for the Sustainable Development of
Rural Areas in Altai Krai, 56 district hospitals and their structural subdivisions pro-
vided medical assistance to the rural population: 39 district hospitals, 191 rural out-
patient clinics and 928 rural community health centres. In addition, more than 40%of
funds allotted for implementing the programme’smeasures tomodernizeAltai Krai’s
health care industry are earmarked for rural health care institutions (Administration
of Altai Krai 2011).

At present, all of Altai Krai’s community health centres are licensed, and the
health care workers in them not only provide pre-hospital medical care, but also give
out the medicines needed by rural residents.

According to the programme, 67 community health centres and2outpatient clinics
have been refurbished in rural settlements in recent years, and first aid clinics have
been set up in 135 villages with populations of up to 100 people. As a result, up
to 60% of the primary health care services provided to the rural population are in
outpatient settings (on the level of community health centres, rural outpatient clinics
and district hospitals). Despite this, the availability of this assistance for the region’s
rural population, comparedwith the cities, still remains at a low level. This problem is
aggravated by the shortage of qualifiedmedical personnel in rural areas. For example,
under the programme ‘Country doctor’, the availability of rural doctors increased by
5.3% in 2012, reaching nearly 20 people out of every 10,000. In 2011, this figure was
19 people. However, the relative indicator for the shortage of doctors in rural areas
is still 1.7 times higher than the same indicator for the cities. In 2012, the number
of nurses in rural areas decreased by 0.6%, accounting for 76.0%, while in urban
areas it increased by 3.2%. Overall, the proportion of nurses working in rural areas
accounted for only 33.4% of the total amount in Altai Krai, while according to the
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2010 census the proportion of Altai Krai’s rural population reached 45%. In 2012,
rural residents gained access to Internet registration services for making a doctor’s
appointment in district hospitals (Administration of Altai Krai 2011).

In recent years, due to a shortage of personnel and the optimization of the rural
health care system, the workload on the staff at medical institutions has increased
dramatically. Because of this, many young professionals, after having worked in the
‘Country doctor’ programme, go to the city.

“It is hard working in the villages. People in the city work in clinics, know their job - they
do their work and are responsible for it. Here, if a neurologist is in the clinic, and there
is no doctor in the hospital, then he needs to treat patients in the hospital in addition his
regular shift. Moreover, if there is no one to work in the emergency room, he has to be the
doctor on duty in the hospital, and still keep duty at night. These are the peculiarities of
the rural health care system. It means that working anywhere in the villages is considerably
harder than working in the city. To what extent are there enough young doctors? They will
remain here and work, God willing. The boys are young, they can maybe get married […]”.
(personal communication in Altai Krai, Mikhailovsky district, August 2013)

Out of all of Altai Krai’s cultural institutions in 2011, 91% operated in rural
areas. To date, however, the tendency has been to close them down, especially rural
libraries. This is not only due to the spread of information and digital technologies,
but also by the fact that in Soviet times, the huge buildings for cultural centres were
constructed in the villages, andmodern-day municipal districts do not have sufficient
funds to renovate them. This leads to the decay and destruction of these facilities,
and the disbanding of organizations based in them, which greatly impoverishes the
environment where the rural population lives.

At the same time, according to respondents who work at cultural centres, due to
the Federal Law Nr. 131 (Federal Law 2003/2013) the funding has sharply reduced
funding for cultural institutions. However, in an interview with one of the respon-
dents, the director of a rural cultural centre, she indicated it was this law that prompted
her to seek ways to replenish the centre’s budget, in particular by using innovative
technologies and new forms of working with the community, as well as participating
in a small advertising business. As a result, the public began actively attending the
club’s events and advertisers started using their services more frequently. Now, this
cultural centre cannot only cover gaps in financing, but it also has the funds needed
to grow and develop.

On the premise that Altai Krai possesses rich, unique natural resource and recre-
ational potential, the authors of the Programme for the Sustainable Development of
Rural Areas establish a connection between the prospects for the development of
these rural lands with people being employed in the agricultural sector. In their view,
the region needs to renew state support for entrepreneurship and increased flexibility
in the rural labour market. They believe that creating comfortable living conditions
for the rural population (construction of modern housing and increase the level at
which public amenities are provided) will be a key factor in making these areas
attractive.

The programme states that results from 2012 show that more than 6 billion roubles
were allocated in the frameworkof targeted regional programmes for the development
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of municipal districts. The total amount of funds to develop rural areas exceeded 20
billion roubles, including some individual investment projects and that part of the
Altai Krai government authorities’ activity not covered by the programme (excluding
subventions from Altai Krai’s regional budget).

However, the authors of the programme believe that, despite its positive effects,
the implementation of appropriate measures for the social development of villages
was neither sufficient for the effective utilization of rural areas’ economic potential,
nor for improving the quality of life for its population (Administration of Altai Krai
2011).

For mechanical, relatively simple production processes, investment in innovative
activities provides almost instant results.However, for processes that involve complex
systems such as nature and society, the impact of innovative activity is not only drawn
out over time, it is not always predictable. For this reason, it is important to have a
range of different approaches for understanding and eliminating possible risks in the
development of these systems.
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Chapter 22
The Role of Social Capital
and Knowledge Transfer to Adopt
Agricultural Innovations

A. M. Sergienko

Abstract Social capital is a precondition for innovation-driven development, which
is needed for more sustainable land use in the Kulunda steppe. Based on the socio-
economic development background provided in Chap. 21, this chapter will highlight
particularly three aspects: the attitude towards innovation, the readiness to adopt
innovation, and the availability and accessibility of knowledge transfer channels in
the Kulunda region.

Keywords Innovation-driven development · Innovation · Knowledge transfer ·
Kulunda region

22.1 Introduction

The socio-economic environment is an important dimension to increase the adop-
tion of innovation in agriculture and with this providingmore potential of sustainable
development in the rural areas. To understand the engines behind innovation-driven
development, one can turn to the social capital theories by Bourdieu (2002) and Put-
nam (2000) that point out social capital and social networks as crucial for innovation-
driven development, and the concept of the learning community, which focuses on
the state and development of institutions and networks to transfer innovation knowl-
edge (Healy andMorgan 2012; Rutten and Boekema 2007). Based on this theoretical
foundation, we can conclude that the scale and spread of innovations in rural com-
munities are largely determined by the socio-economic environment of innovations.
Such environments are shaped by socio-economic factors behind the formation of
population activity in rural areas and the various social groups who are targeted by
such innovations. The key factors here are a culture of innovation (attitude towards
innovations, readiness to adopt innovations) as well as availability and accessibility
of knowledge transfer channels in rural regions.
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Alongwith government statistics, research on challenges for adopting innovations
in land use in the Kulunda region, which is presented here, is based on empirical
material from various surveys conducted in rural communities of the Altai Krai. A
row of surveys has been analysed in the frame of the study presented: one with 606
respondents in 2002; one with 1011 respondents in 2008; one with 440 respondents
in 2011; one with 150 respondents in 2013, and a final one with 260 respondents
in 2016. This has been supplemented with expert surveys conducted among local
authorities, rural businesses and social organizations (n = 56 in 2002; n = 280 in
2008; n= 75 in 2011; n= 40 in 2013; n= 60 in 2014). Further, findings from detailed
interviews with experts and rural community members collected during fieldwork in
2013–2015 have been included.

The discussion is based on the changes in the socio-economic characteristics of
the rural life in the Kulunda region presented in Chap. 21.

22.2 Changes in the Socio-economic Development
of the Village as a Social Background for Innovation

Evidence of changes in the socio-economic development of the village can be seen in
changes in the rural people’s and experts’ perception of the most urgent development
issues (see Sergienko 2011, 2013). Public evaluation of rural social problems from
the early 2000s shows that by far the most urgent issues remain low income, unem-
ployment, the drift of young people from the village, poor quality and insufficient
number of rural housings, all of that leading to the additional problem of alcoholism.
In the social sphere, the greatest dissatisfaction among rural people was caused by
decreasing healthcare and communal services. Expert opinions sustain these find-
ings mentioning the problems of low income and the drift of young people from the
countryside.

In rural areas, the number of basic social amenities has been falling for more than
20 years. Until the mid-2000s, the decline primarily affected obsolete and outdated
amenities, but since 2008, there has been an increase in the closure of schools, clubs,
libraries, and local healthcare centres because of government cutbacks (seeChap. 21).
Yet there are also some positive changes in the state of rural infrastructure achieved
with the support of federal and regional programmes. A large number of schools,
clubs and other social initiatives were refurbished, regional andmunicipal roadswere
repaired, and there was a noticeable increase in the number of new kindergartens,
sports facilities and housing. The countryside has now regained one of the benefits
it recently lost: greater availability of housing than in urban areas (24 vs. 21 sq. m.
in 2013).

Yet, migration is still the key factor in socio-economic development in the rural
areas. In the late 2000s, the social mood of rural communities improved significantly
and the birth rate rose, but the trend for rural drift remains significant (for more
details, see Chap. 20).
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The last two to three years of crisis have again seen a rise in the number of
people who want to move: a poll in the spring of 2016 showed that 40% of young
people wanted to leave the rural areas. Those moving first are those who do not have
their own home or well-paid work and who have been educated in the cities and
can be supported by their families. According to statistics, in the beginning of 2015
migration resulted in a 1.7 times greater reduction of rural youth compared to 2002.

22.3 Challenges for Innovation-Driven Development
in the Rural Areas

Rural communities primarily associate innovation-driven development of the rural
areas with information technologies and new opportunities for creating small busi-
nesses (for instance, the programme for supporting young agricultural entrepreneurs),
which were offered through the government’s rural employment schemes until the
recent crisis years. Even though the creation of skilled jobs remains a recognized
weak link, it is predominantly low-qualified and poorly paid work that encourages
young people to leave the village. Knowledge needed for innovation is channelled
through the traditional rural networks of friends and family and the mass media (up
to half of rural community use them); but the role of the Internet has increased sub-
stantially (one out of five people use it). Recent innovation is rooted in the various
changes in education and health care, which are associated with upgrading facilities
and resources and using new technologies.

The population’s attitude towards innovation has changed. Despite the fact that the
rural population still holds a predominantly negative or indifferent attitude to change
(about 60%), in 2013 positive attitudes outnumbered negative ones by a small margin
(40%+ vs. 35%). In addition, active players of change outnumbered their passive
opponents, who perceive a lack of long-term opportunities (11% as opposed to 7%).

Above all, rural communities mention local authorities and agribusinesses as the
active key players of change and the social drivers of agricultural innovation-driven
development (60 and 2% of respondents). That said, the impact of businesses on
rural social development and the dependence of local bodies on business’ support is
steadily growing. The rural community expects greater involvement from the gov-
ernment and local authorities (32%) as the centre (26%). They acknowledge positive
shifts in federal policy towards the rural areas, such as support programmes for
gas infrastructure development, youth support and import replacement policy. Rural
communities still expect governmental support in creating jobs (75% of rural inhab-
itants), in solving social problems and in boosting the adoption of new technologies
in agriculture.
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22.4 Social Capital to Adopt Innovations in Land Use

Turning to the agricultural sector, actual technological change in land use only began
in the late 2000s when, according to farm managers, enterprises began upgrading
their hardware on a mass scale and started using new farming technologies. Accord-
ing to a poll in 2013, managers regarded the technological status of their farms as
satisfactory, and only a quarter of farms were actively adopting new technologies
and modernizing agricultural infrastructure. Over 80% of farm households used rel-
atively new agricultural equipment (no older than 5 years old), and a share of 25%
farm households featured largely brand-new equipment. About half of operators
polled were using farm machinery less than 5 years old.

On the one hand, opportunities for employing new land use technologies are made
possible by improved loan options and implementation of government programmes
to upgrade agricultural equipment and develop the agro-industrial complex. On the
other hand,managers have noted that innovation is hampered by increased borrowing
costs and generally low incentives provided by the regional or local authorities.
Further socio-economic hampering factors are that more than 60% of agricultural
farms lack skilled personnel, and young people lackmotivation towork in agriculture.

In general, managers and farm machinery operators can be regarded as being
aware of innovative land use technologies. One-third of enterprises used them for
more than three years on average. Yet the study has shown that in 2013, a share of
20% had only a weak grasp of new technologies, providing room for knowledge
transfer improvements.

Based on empirical material, basic channels for knowledge transfer of new tech-
nologies are the media (80% of responses), the Internet (50% of responses) and
specialized channels such as professional development courses, workshops, agricul-
tural exhibitions (‘Siberian field day’ and displays ofmodern equipment by suppliers)
(25% of respondents). Managers and farm machinery operators value the benefits of
new technologies not just because of increased crop yields and labour productivity,
but also for the creation of skilled jobs with a good employment culture. In contrast
to low-skilled farm machinery operators, the better educated ones have a positive
attitude regarding new equipment.

What keeps households from adopting new land use technologies? Apart from
technical problems, polls have identified difficulties with mastering new technical
skills. Older generations and less educated workers also prefer the continuity and
reliability associated with working with old equipment of domestic origin, but that
is not a serious problem. Managers are also held back by redundancies, as many
of them regard the social prosperity of the rural areas as a major criterion. At the
same time, the motivation to adopt innovative technologies is quite high: up until the
last two or three crisis years, about 50% of farm managers were potentially ready
to acquire such equipment. The main constraints for them were not only limited
financial means (see Chap. 16), but also the lack of information, e.g. based on other
household’s experience regarding clear advantages of such technologies.
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Therefore, an analysis of the social environment for adopting land use innova-
tions shows firstly, unevenness and inconsistency in its development. On the one
hand, widespread problems of low pay, unemployment, drift of young people from
the countryside, and deteriorating social facilities and infrastructure have persisted
and increased in recent years. Further, negative or indifferent attitudes towards rural
changes predominate. On the other hand, a crucial change has been taking place
since the early 2000s leading to a higher likelihood for adopting agricultural inno-
vations, such as an increased importance of education and skills, and new channels
for knowledge transfer. With this the initial requirement for developing as a learning
region is based on a sufficiently highmotivation to adopt new technologies, as well as
workers’ desire to get trained and work with such equipment. The generally positive
attitude of the rural population towards innovation additionally facilitates this option.

Yet, the recession has ‘dented’ the likelihood of seeing such potential bringing
to fruition since late 2014. It has caused concern about the possible reduction of
state support and agricultural programmes in rural areas. But the required innova-
tion potential may still be realized through various means—particularly through the
development of traditional and new knowledge transfer channels and active govern-
ment impetus to adopt innovation practices in agriculture. There should be a special
focus on the drift of rural youth, as playing in turn a key role for the adoption of
innovation. Apart from facilitating effective employment, this requires the provision
of attractive rural housing and diversified support for rural youth as regards their
particular socio-economic needs.
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Chapter 23
Potential and Strategies of Adapted Land
Use as a Basis for Ecologically
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Development of the Rural Landscape
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Abstract After what is now more than 60 years of intensive agricultural use of the
virgin lands, the soil is damaged in various different ways. However, the area still has
a high potential for food production due to generally sufficient amounts of precipi-
tation. The task at hand is to switch from a way of farming which consumes many
resources (the Canadian colleagues refer to it as ‘mining the soils’) to sustainable
agriculture and/or husbandry. This represents a challenge, with the consequences
described in Chap. 1 of Part I and Chap. 15 of Part II, as the common way of farming
is often according to the international standards of the 1970s. It is an immense task to
switch to highly modern procedures using GPS and electronically controlled seeders
within just a few years. However, it can also be seen as a great opportunity because
people will not need to undergo the entire learning process with its many steps in
between as was the case in Canada, for instance.

Keywords Adapted land use · Kulunda · Sustainable farming

After what is nowmore than 60 years of intensive agricultural use of the virgin lands,
the soil is damaged in various different ways. However, the area still has a high
potential for food production due to generally sufficient amounts of precipitation.
The task at hand is to switch from a way of farming which consumes many resources
(the Canadian colleagues refer to it as ‘mining the soils’) to sustainable agriculture
and/or husbandry. This represents a challenge, with the consequences described in
Chap. 1 of Part I and Chap. 15 of Part II, as the common way of farming is often
according to the international standards of the 1970s. It is an immense task to switch
to highly modern procedures using GPS and electronically controlled seeders within
just a few years. However, it can also be seen as a great opportunity because people
will not need to undergo the entire learning process with its many steps in between
as was the case in Canada, for instance.

One could assume that the correct or simplewaywould be to transfer the Canadian
concept of min-till or no-till to the steppe lands of southern Siberia which show sim-
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ilar climate and soil characteristics. However, there are some small, yet significant,
differences in the climate which require adaptation of the procedures (seeding times,
cultures and herbicide strategies). The introductory chapter, therefore, outlines the
requirements for a suitable and sustainable farming concept.

Then, the most significant results from the extensive field tests on the various
tillage methods, from classic to direct seeding, are presented. In addition to the
precipitation conditions, the topic of yield-increasing soil water dynamics is also
examined. As a next step, this chapter elaborately illustrates the influence of fall
tillage on the soil water content and the yield in the subsequent year.

The following chapter on adapted tillage methods for the increasingly interesting
row crops, such as corn and sunflower, presents results of the field tests and the
potential of the strip-till method. For this method, only the soil directly in the seed
furrow is tilled in the fall, which also allows for the fertilizer to be applied at a
sufficient depth.

Reduced tillage to limit wind erosion, however, also leads to increased pressure
from weeds. This can only be met by a good and effective herbicide strategy. To
avoid increasing costs and ecological strain on the soils, a technical solution was
developed as part of the Kulunda project which solely applies herbicides where there
are weeds. The exact operating principle of the technology and the procedure as well
as the cost-saving potential is described in a separate chapter.

Adapted and sustainable farming methods can only be introduced on a large
scale and without subsidies if they are economically sound as well. Therefore, the
methods used in the field tests were also examined for their economic viability. The
corresponding chapter in this part demonstrates that higher contribution margins can
be generated for direct seeding systems as they save fuel and introduce alternative
cultures such as oilseed rape when compared to traditional systems. The added value
of preserving the soil and its fertility was not quantified in this process and therefore
represents an additional benefit.

Areas have been degraded so much as a consequence of long-term non-adaptive
use that they are no longer suitable for farming should be restored. Within the frame-
work of the project, various tests were conducted to establish appropriate cultures.
The final chapter of Part III outlines the results of these examinations.

During the project period, some farms already introduced and implemented many
of the procedures and measures described in this chpater. Extensive field tests and
demonstrations helped the land users overcome their initial scepticism in this context.
As a consequence, ecologically and economically sound, sustainable methods were
successfully established in many areas of land use. The result is that the lighthouse
farms in the project areamanaged tomake the required leap described above, advanc-
ing their technology by 40 years in the process, and now farm their land in a more
modern and sustainable manner than many farms in Europe and North America.



Chapter 24
Demands for Modern Cropping Systems

T. Meinel, V. I. Belyaev, K. A. Akshalov, L.-C. Grunwald and L. V. Sokolova

Abstract The article introduces the development of crop farming since the begin-
ning of the Virgin Lands Campaign in the Kulunda Steppe. For this purpose, it
describes the significant stages and their influence on the land use, explains the dif-
ferent cropping systems and outlines the consequences of intensive land use. After-
wards, the current limiting factors are classified according to natural and anthro-
pogenic origin, then analysed and assessed. The final part of the article articulates
the requirements for a modern farming system to provide a framework of evalua-
tion for the topics and methodology of the examinations which are presented in the
following articles.

Keywords Kulunda Steppe · Virgin Lands Campaign ·Wind erosion · Black
fallow · Direct seeding · Soil degradation

24.1 The Development of Agriculture in the Kulunda
Steppe Since the Beginning of Virgin Land
Reclamation

During Stalin’s change of course in 1927/1928, Soviet agriculture, and smaller farm-
ing structures as well as large-scale private farms (run by Kulaks), was forcibly col-
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Fig. 24.1 Proportion of the steppe area ploughed up during the Virgin Lands Campaign in the
former Soviet Union (cf. Eule 1962)

lectivized. The expansion of cultivated land and the intensification, however, focused
primarily on the European part of Russia and the Ukraine before the Second World
War (cf. Kramer 1951).

Due to the desolate supply situation in the Soviet Union after the war, the required
amounts of grain had to be compensated for by imports from the USA and Canada
(Brezhnev 1978 in Meinel 2002). The political leadership was therefore forced to
act. In the third five-year planning period from 1946 to 1950, the primary target
was to quickly re-establish core agricultural regions in the Northern Caucasus, the
Central BlackEarthRegion and theUkraine. Consequently, it was decided to increase
agricultural productivity for 1948 by 27%compared to 1940.Due to the simultaneous
promotion of agriculture in areas outside the core regions, the focal point of farming
shifted more and more from the Ukraine to Western Siberia, the Volga region and
Kazakhstan. Some remarkable features of this five-year plan are the specifications
of including more modern crop rotations with multiple cultures into the farming
structures. The plan was to use commercial agricultural crops and better preceding
crops for sugar beets and sunflowers (Anissimov 1974). In addition to technical
upgrades, the plan also included the introduction of improved farming procedures.

When Khrushchev came to power, however, the party decided on the produc-
tion of 20 million t (tons) in crops on reclaimed land as part of the Virgin Lands
Campaign (Eule 1962). A total of 21.2 million hectares (ha) of original steppe land
were ploughed up in the Kazakh regions of Northern Kazakhstan, Pavlodar, Akmola,
Kokshetau, Kostanay, Aktobe and Western Kazakhstan. Together with the Western
Siberian regions of Tyumen, Omsk, Novosibirsk, Altai and Kemerovo as well as few
other areas in the Volga region and Southern Ural Mountains, an expansion totalling
45 million ha was decided upon, of which an actual 41.8 million ha were eventually
used for farming (Eule 1962, p. 24) (Fig. 24.1).

Major farming structures in the form of sovkhozy were created in the virgin lands
in the shortest amount of time. By 1959, these were already managing as much as
27.9 million ha, which was equal to 27% of the cultivated land in the Soviet Union
(Eule 1962, p. 74).
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Fig. 24.2 Initial tillage of
natural steppe land using a
plough—Virgin Lands
Campaign 1954 (Meinel
2002, p. 11)

The expansion of cultivated land was mainly focused on the driest regions of the
Eurasian steppes. Prior to theVirgin Lands Campaign, 70%of the cultivated landwas
located in forested steppe regions. After the program, 70% of the entire cultivated
land was located in dry steppe areas and only 20% in forested steppe areas (Eule
1962, p. 78) (Fig. 24.2).

The cultivation of summer wheat in monocultures was accelerated due to the
climate conditions in the virgin lands and to secure the food supply. The following
figure shows the increase in total farmland and the significance of summer wheat by
area in the former virgin lands of the Soviet Union (Fig. 24.3).

After achieving good harvests initially following several humid years and a record
harvest of 1.13 t/ha (tons per hectare) in 1956 (Wein 1980), only 0.47 t/ha of wheat
were harvested in 1957. The soil nutrient depletion as a consequence of years of
summer wheat monocultivation, the lack of mineral fertilizer, intensive repeated
mechanical tillage (also using mouldboard ploughs) and the lack of fallowing, in
combination with serious drought, were accompanied by wind erosion and crop
failures (Eule 1962; Wein 1980; Meinel 2002). However, these problems were not
met with modern crop rotations or altered farming systems at first but with land
expansion, which was decided upon during the December plenum of the Central
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Fig. 24.3 Total area of virgin lands regions in the former Soviet Union and proportion of wheat
(cf. Eule 1962, p. 134)

Committee of the CPSU in 1958. Following this, another 3.7 million ha of land had
been put under the plough by 1963 (Eule 1962; Brezhnev 1978 in Meinel 2002).

The phase of intensification refers to the years between 1965 and 1986 up until
perestroika. Intensification was a plan which was supposed to increase agricultural
production through social and technological changes. It was implemented between
1965 and 1980 within the framework of the five-year plans. The socio-political
measureswere designed to improve life in rural areas. This included the establishment
of infrastructure and utilities to improve the living conditions. Material incentives
were created for farmworkers.

The term ‘industrialization of agriculture’was used to characterize thesemeasures
(Meinel 2002, p. 14). Between 1975 and 1985, the government invested a total
35 million roubles in agriculture. This allowed for significant enhancement in the
areas ofmineral fertilizer supply, equipment/technology, feed additives and chemical
crop protection. Due to the intensification, yield increased by 35% on average from
6.8 dt/ha (decitonnes per hectare) (1957–65) to 9.2 dt/ha (1966–76) (Meinel 2002,
p. 14). The plan of the Soviet government was for the Omsk region to generate an
additional yield of about one million tons thanks to the new cultivation methods.
The prescribed crop rotation was black fallow—wheat—wheat. The black fallow
was included in the crop rotation for the purpose of storing enough water for the two
subsequent wheat harvests (Foreign Broadcast Information Service 1986, p. 14).

Irrigated areas were created during the intensification phase to cultivate root crops
and perennial grasses to ensure the supply of basic feed. In most cases, irrigation
in the steppe was only possible utilizing fossil groundwater (Meinel 2002, p. 14).
The introduction of erosion protection measures had the utmost importance for the
virgin lands during the intensification phase. To prevent wind erosion of the soil,
the government ordered field protection afforestation. These protective plantings
were executed at right angles to the main wind direction at approximately 500-meter
intervals. This step resulted in individual subareas which were 2000 m long and
500 m wide (Meinel 2002, p. 14).
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The following additional erosion protection measures were introduced:

– non-inverting tillage to maintain stubble;
– plant cultivation in strips with large fields being subdivided by small hedges to
only expose smaller fallow areas to the wind and to minimize the wind speed
directly over the surface;

– determination of optimum dates for seeding into the stubble;
– introduction of drought-resistant types of wheat;
– utilization of fertilizer and herbicides;
– seeding grass onto eroded areas.

(Foreign Broadcast Information Service 1986, p. 33).
These measures helped to tenaciously contain wind erosion and increase produc-

tivity in crop cultivation. It was at this stage that the highest productivity so far was
achieved in the Kulunda Steppe. The social conditions in the villages reached their
highest level as well.

With perestroika starting in 1985, conditions were supposed to continue to
improve. The system was to be democratized and a more liberal market to be intro-
duced. These reforms, and not just in agriculture, led to a stagnation in the Russian
economy and eventually to the downfall of the Soviet Union. The conditions in Rus-
sian agriculture changed fundamentally as a consequence. For the first time ever, the
law allowed individuals to purchase or lease a preassigned amount of land. Many of
the former kolkhozy and sovkhozywere transformed into legal entities under the civil
code. This transformation was often just executed as a formality with no fundamental
staff or organizational changes. Even the superordinate organizational structure did
not change. The local authorities continued to issue sales and production figures to
the farms (Meinel 2002).

A yield increase could have been expected from the combination of the infor-
mation obtained on modern farming concepts and the commitment of the newly
established farms. However, the diagram shows an ongoing downward trend with
regard to yields until 1997 (Meinel 2002, p. 15) (Fig. 24.4).

Between 1992 and 2000, agricultural production decreased by 29%. Due to the
politically unstable situation, only short-term profit was sought in agriculture up

Fig. 24.4 Average yield per hectare (summerwheat) in the Russian Federation (Meinel 2002, p. 15)
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until the year 2002. This was pursued using existing resources. The investment in
new technology was very problematic in these years, also against the background
of constant cuts in agricultural subsidies (Viehrig 2005). In the 1990s, there was
a shortage of fertilizer, herbicides and modern agricultural engineering. Therefore,
older procedures with a high level of tillage were used. Wind erosion increased as a
consequence.

It is not until after 1999 that the economic situation seemed to consolidate. More
beneficial lending guidelines allowed smaller start-up farmers to invest in land and
technology. These farms are often managed much more effectively than the major
farms with structures that are similar to those in Soviet times. People who changed
careers from other industries and drove the market after the year 2000 with the help
of well-trained agronomists and a distinct sense for business were very successful in
many cases.

This factwas reflected by increasing investments in agricultural engineering. Trac-
tors and first-generation airseeders, e.g. Morris Concept of JD 730, were imported
from North America. Modern farms, often run by career-changers from other fields
of the economy, were established. These farms managed large areas with a small
number of staff and productivity which was significantly higher than in the old struc-
tures. The types of machines, however, were mainly older airseeder systems of the
first and second generation. These were no longer in demand in the North American
farming regions but sold well in the Commonwealth of Independent States due to
their conventional mode of operation.

24.2 Limiting Factors in Crop Production

1. Natural limiting factors

The temperature regime throughout the year is of central importance for agricultural
productivity. The annual temperature cycle and accumulated temperature greatly
limit the vegetation period in the steppe regions of Eurasia, particularly under the
highly continental influences of Northern Kazakhstan and Western Siberia. The
Kulunda Steppe has three steppe facies in a WSW-ENE direction, along which
the accumulated temperature decreases towards the ENE and the vegetation period,
which is relevant to crop production, is reduced. Moreover, the climate in the highly
continental steppe regions of Western Siberia is characterized by strong amplitudes
in the annual temperature cycle. The maximum temperatures in the summer increase
so severely in the dry steppe regions that the evaporation rates are extremely high
and therefore limit biomass production and yield. On the other hand, the extreme
minimum temperatures in the winter have a limiting effect on the yield as high-yield
winter crop varieties can only be cultivated to a limited extent or not at all. Summer
crops are cultivated for the most part in the farming areas of the Kulunda Steppe.
Due to the very short transition from winter to summer, the window for seeding in
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spring is limited to only a few weeks. The time period of May 15 to 25 is considered
the optimum for seeding summer wheat up to this day.

The greatest climate factor is total precipitation and with its spatial and tempo-
ral distribution as well as the strong evapotranspiration against the background of
the high summer temperatures. The total amount of precipitation per year presents
absolute limits on yields in all steppe regions. In the best case, the balance between
precipitation and evaporation is just about equal. Most parts of the Kulunda Steppe,
however, are characterized by semi-humid to semi-arid conditions.Most of the annual
precipitation falls during the summer half of the year, but the temporal and spatial
distribution is highly uneven. Strong drought during the most important weeks for
crop development in late spring, which strongly limit field emergence of the seeds or
crop growth after emergence, can be expected in five-year cycles. The time between
June and early August has the highest precipitation. Most of it, however, falls locally
and as intensive convective precipitation. Due to these characteristics, this type of
precipitation has a high potential for causing damage by erosion, especially as part
of unadjusted farming.

During the winter dormancy and low precipitation period, the snow layer is very
thin in most years. Therefore, the water retention in the form of snow is highly
limited. The reduction of snow retention on the surface particularly affects soils
which were ploughed in the fall due to the size of the areas and strong storms. There
have been the first trials to grow winter cultures in the wetter north-eastern regions
of the Kulunda Steppe. However, large parts of the winter crops are often affected
by winterkill due to a lack of a snow cover and temperatures lower than −40 °C. In
addition to the uneven distribution of the annual precipitation, fluctuations during the
year are problematic for the agricultural utilization of the region. The precipitation
total in the driest regions close to the Russian–Kazakh border is subjected to an
annual fluctuation between 200 and 350 mm.

Another phenomenon in the steppes of Western Siberia and the Kulunda Steppe
is strong, extremely dry winds from Southwest–Central Asia. Due to high wind
speed and the very low atmospheric humidity, this so-called sukhovey diverts air
which is saturated with water vapour from directly above the ground and therefore
causes steady dehydration. This effect becomes particularly strong on intensively
used surfaces as there is no resistance from organic mass or stubble to slow down
the wind due to the repeated mechanical working of the soil. Soil particles are set
in motion, saltate and fly in accordance with their mass, hitting more soil particles.
This often leads to serious wind erosion. On the one hand, the soil is blown away
from the surface, which causes degradation with regard to physical and chemical
aspects. On the other hand, the flying soil particles act as projectiles which cause
significant damage when colliding with the young plants in the early summer and
limit the yield.

In contrast to the climate conditions, the soil of the Kulunda Steppe in its natural
state only limits agricultural production in exceptional cases and in certain areas.
The high water storage capacity, good nutrient supply, good physical characteristics
(permeability for roots, temperature regime, aeration, texture) and large extent of its
associated black earth make the soil of the Kulunda Steppe its most important guar-
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antor of agricultural production thanks to the naturally high-yield potential. Loess,
the loose substrate containing carbonate, is mainly responsible for the good phys-
ical characteristics of the soil. The dry regions of the Kulunda Steppe are affected
by strong salinization. Solonetz and solonchak mainly form in the lowlands influ-
enced by ground or surface waterlogging. Due to the high evaporation rates, the salt
dissolved in the groundwater remains near the surface, making high-yield farming
impossible.

2. Anthropogenic limiting factors

Many soils in the Kulunda Steppe have been affected by erosion and degradation
since the expansion of cultivated land and the mechanization of tillage. Wind erosion
plays a major role in this context. The main cause of extensive wind erosion is
the tillage adjusted to the location and natural conditions. Intensive agriculture and
mechanical management of the steppe soil using ploughs, cultivators and harrows
were established in the Kulunda Steppe with the Virgin Lands Campaign. As a
consequence, highly intensive inverting tillage was used until the mid-1960s. The
lack of herbicides placed mechanical tillage at the forefront as an effective means of
weed control. At the same time, the black fallow in the monotonous wheat rotation
had the task of storing the water and making the nutrients available to the plants
through increased mineralization rates.

In addition to the usual tillingmethods, which included harrowing after ploughing
to prepare the seedbed and stubble breakage after the harvest and/or fall ploughing
using harrow and plough, the soil in black fallow is prevented from any coverage by
repeated tillage using a harrow and/or cultivator throughout one vegetation period.
Even without black fallowing, the highly intensive tillage and the lack of plant cover-
age over longer periods of time represent the greatest problemwith regard to erosion.
The soil mechanics of the working horizon are destroyed, which leaves the soil par-
ticles in extreme danger of deflation. Silt and fine sand are blown out of the topsoil
and fertile humus with these grain size fractions. This reduces the supply of nutrients
in the soil and its water storage capacity.

Intensive tillage can cause capping, which leads to serious water erosion damage,
particularly on sloping terrain. The so-called gully erosion can mainly be observed
in the agriculturally used terraces of the Ob and Aley rivers. Thousands of tons of
fertile farmland are washed away by gully erosion as a result of singular torrential
rainstorms and the snowmelt in spring, causing lasting changes to the landscape with
the formation of gullies (cf. Dammann 2005). Even if no gullies are formed, the
damage from water erosion during the snowmelt is significant. Valuable soil is often
washed away even from gentle slopes or alongside flat rills.

When the tilled soils are repeatedly driven upon, compaction horizons form at the
sole of the working horizon, which promote waterlogging and salinization in ground
depressions and decrease the permeability of the soil for roots.

Erosion of the soil and the decline of chemical and physical characteristics is
a process which has been observed in the Kulunda Steppe since the Virgin Lands
Campaign and has led to the concentration of natural humus approximately being
halved in the soil of this region.
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To this day, repeated mechanical tillage of the farmland is a standard procedure in
the vast areas of theKulunda Steppe. Prior to seeding, the seedbed is usually prepared
mechanically using a cultivator or harrow in most cultivation systems of the forest
steppes and the typical steppe region. The systems of seeding and tillage are often
combined in one machine and one process. The machines used in these cases are
mostly wing-share cultivators, which are installed before the mechanical seed drill
with two-disc shares. This in-depth tillage at the beginning of the early summer dry
period costs a lot of groundwater and often leads to premature ripening and harvest
shortfalls as a consequence of very dense stands and increasing competition between
growing space and water. The working of the stubble from the previous year creates
a large contact surface for wind, which diverts air which is saturated with water
vapour from directly above the ground and therefore promotes further evaporation.
This accelerates the loss of soil moisture.

Fall tillage is carried out by some farms in the Kulunda Steppe to this day and is
supposed to encourage tilth formation on the field. It is countered by the effect of
reduced snow retention. Due to the tilled soil surface, the snow blows over the surface
and gets caught in the wind protection systems. This means a loss of valuable soil
moisture for the upcoming vegetation period. This is particularly dramatic in the dry
steppe regions where approximately one-third of the annual soil moisture consists
of meltwater.

Another limiting factor is the lack of committed and well-trained employees.
Many people are leaving the villages to work in central cities such as Novosibirsk
or Barnaul. This often creates the problem of modern technology not being used
properly. The full potential is not achieved, and the equipmentwears out very quickly.

Today, it is difficult to find young, motivated employees to work in farming, also
internationally speaking. For this reason, many older agronomists still run the farms,
applying traditional farming methods. Another important aspect is the knowledge
transfer within the business. An agronomist must transfer his or her knowledge on
certain works to the executing machinist as the tractor driver is the executing body. If
the latter does not complete the tasks correctly, the agronomist’s knowledge is of no
use. The lack of relevant crop rotations is also a limiting factor in the current farming
system. The easiest option is still to cultivate summer wheat. The machines are gen-
erally available, and the product is easy to market. Alternative cultures are, presently,
more difficult to sell and require initial investment in agricultural engineering.

A problem which disrupts failure-free and timely operation is the availability
of hauling systems and agricultural engineering at the right time. It is frequently
observed that the technology has not been sufficiently maintained and is not ready
for use at the beginningof the season in spring.Most farmsdonot have the opportunity
to maintain the machines in a heated workshop in the winter. In addition to this fact,
it is often bad organization and unmotivated staff, because of low compensation, that
leaves the technology in a badly maintained state until shortly before seeding.

The machines on most farms are from the 1970s and 1980s and are obsolete. In
addition to tractors from the Kirovez series, it is mainly T-75 and T4A track tractors
which are used on the farms. Thanks to the substantial experience and good spare
parts supply, these machines can be used to this day. The repair work is usually
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Fig. 24.5 Fertilizer consumption from 1990 to 2012 (Ivanova and Nosov 2008)

done by the drivers themselves on the farm. During the season, the downtime for the
machines, which cannot be planned, causes problems as it may last several days. In
addition to the repair work which consumes a lot of time, the operation of the old
technology also requires additional resources.

An important step towards improving the effectiveness of farming was taken in
the 1970s by intensifying agriculture in the former virgin lands. In addition to an
improvement in the use of machines and the partial conversion of the management
practices, it was mainly the increased use of mineral fertilizers which stabilized and
increased the yield level in the Kulunda Steppe (Fig. 24.5).

Until the downfall of the USSR, a total of 11 million t/a of mineral fertilizer
were spread onto Russian fields (Ivanova and Nosov 2008). The unstable economic
situation and the complicated credit schemes force the farmers to focus on short-
term fast profit strategies at the cost of the means of production and soil as a resource
(Meinel 2002). Mechanical tillage experienced a true renaissance after 1990 while
the use ofmineral fertilizer and chemical herbicides significantly decreased. Between
1998 and 2001, only a little over 1.5 million tons of mineral fertilizer were spread.
The average application amount therefore totalled 32.4 kg/ha (kilograms per hectare)
as opposed to 88 kg/ha in 1990. Only from 2006 onwards has there been another
slight increase. The reasons for this development are government incentives and
subsidies for fertilizer which increased the willingness to invest (Ivanova and Nosov
2008).



24 Demands for Modern Cropping Systems 335

24.3 Requirements for Modern Farming Systems

There are generally only two central requirements for farming systems in theKulunda
Steppe:

1. The system must be economically viable and generate enough profit so that even
the marginal areas of rain-fed agriculture can earn profits. This also helps in
dealing with any subsequent social issues.

2. The farming system must also be ecologically sustainable to maintain the
resources required for the production of agricultural goods.

The conventional system is presently only economically viable in years with good
weather. The frequent black fallow and yield loss of an entire year contribute to the
high cost of the system. The old system described above often uses black fallow as
well as frequent and intensive tillage and therefore is not sustainable for the soil.

Every agricultural region has its own specific characteristics regarding possible
cultures, climate-related and pedological conditions. As a result, known systems
cannot be transferred from other regions, even if they seem similar at first, with-
out extensive examination. The experience from the Kulunda project shows that
even established systems, such as the no-till system from Canada, cannot simply be
applied in this region. While it is important to reduce tillage intensity to maintain
soil as a resource, the concept of no tillage at all must be approached cautiously and
gradually. The following paragraphs describe the four main pillars of an effective
and sustainable farming system in the Kulunda Steppe.

1. Omission of black fallow: An important requirement for a modern and sustain-
able system is the reduction of black fallow. On the one hand, it is the main cause
of wind erosion; on the other hand, it is unnecessarily expensive. In the year of
black fallow, the soil is tilled at least five times. So far, it has been claimed that a
lot of water could be accumulated in the ground through black fallow, but more
recent examinations by Belaev and Volnov (2010) and Grunwald (2010) have
shown that this effect is very limited. The farmers’ experience, however, shows
that the yield is very high after using black fallow. If this is not caused by a
better groundwater supply, there must be other reasons. These mainly lie within
the better supply of nutrients in the soil after fallow. The organic material in the
topsoil is mineralized much faster due to the repeated tillage, and the released
nutrients are available to the next culture. This is very positive for the following
culture, but it causes a constant reduction of the humus in the topsoil. This effect,
which positively affects the yield, can be compensated for by targeted fertilizing
(see below). Another effect of black fallow is the reduced occurrence of weeds in
the following year. This outcome can also be achieved by good crop protection
combined with a suitable crop rotation. Frequent tillage makes the fields very
even with a fine crumb structure. While this is very beneficial for high-quality
seeding, it also represents high potential for erosion. Modern seeders do not
require such a fine seedbed though as they can operate under harsh conditions
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and also handle a lot of organic material in the topsoil. This means that all the
advantages of black fallow can be replaced or compensated for.

2. Improvement of crop rotation: Another very important requirement for a new
system is the introduction of an adequate crop rotation. Crop rotations have a lot
of advantages froman agronomic standpoint.Weeds can be controlled effectively,
and various cultures absorb various nutrients. The different harvest residues can
be managed better in the field, and there are fewer pest infestations and diseases.
Moreover, growing several cultures decreases yield losses in general. Summer
wheat, for instance, depends on precipitation in June, but most precipitation falls
in July and August and cannot be used to produce yield. Other cultures such as
maize and sunflowers, however, can still use the precipitation effectively. Crop
rotations are also helpful from an economic point of view. The conventional focus
on summer wheat means a great dependency on individual crop prices. Price
fluctuations often concern a specific culture so that they may be compensated
for by growing alternative cultures such as maize, sunflower, sorghum, soybean,
rape, peas, lentils and flax. Moreover, higher sales revenue can be generated for
a lot of the alternative cultures; particularly lentils, rape and flax, than for wheat.

3. Optimization of crop protection: Crop protection, which mainly refers to con-
trolling weeds and grass weeds, plays a central role in a modern system with
reduced tillage. The weeds are significantly better adjusted to the local condi-
tions and are therefore more vital and effective. For instance, they absorb more
water from the soil than the seeded cultures (Meinel 2002). Fields free of weeds
are imperative for producing good yields. Weed control has mainly been exer-
cised through tillage. When reducing the latter, measures must be introduced to
keep the fields clean. The effective application of herbicides prior to seeding and
in the culture is very helpful. The crop rotation also has a significant influence on
the occurrence of weeds and diseases. Lafond et al. (2006) were able to prove that
crop rotation impacts the occurrence of diseases and weeds more than tillage.

4. Improvement of nutrient supply: The soil in the Kulunda Steppe and therefore
all cultures grown there suffer from a serious nutrient deficiency. This concerns
almost all nutritional elements with the exception of sodium, manganese and
magnesium of which there are sufficient levels in the soil-forming substrate.
This situation was caused by the extremely low application of fertilizer over the
last two decades. If there is any fertilization at all, the focus is usually on nitrogen;
phosphorus is used much more rarely. Of course, the application of fertilizer rep-
resents a major investment considering the size of the fields. Moreover, the low
application and intensive tillage have caused such a C/N ratio that mineralization
was seriously hindered and nutrients were barely available to the plants in the
first year(s) and therefore only had a small effect on the yield. Nutrients are only
released once the microbial activity increases again (sufficient nitrogen). There-
fore, it is absolutely necessary to increase fertilization in the first few years when
reducing tillage. This issue mainly relates to nitrogen and phosphorus. It is gen-
erally advisable to conduct an extensive soil analysis on the farms to determine
the status quo. Measures for fertilization to compensate for macro- and micronu-
trients can be taken as a next step. The idea of compensation fertilization should
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be applied as a matter of principle. As part of this process, fertilizer is applied
according to the macronutrients, and for some cultures also micronutrients, that
have been extracted from the field during harvest (straw+ culture). The question
is when to fertilize and in what form. Spreading the fertilizer onto the surface
of the soil, as is common practice in Central Europe, is not a suitable method
for semi-arid regions as a general rule. On the one hand, there is a risk of no
precipitation falling for weeks after dispersing the fertilizer and the granulate
not dissolving as a consequence. On the other hand, the intensity of the perco-
lation is often not strong enough to reach the roots of the cultures. Therefore,
the fertilizer must be worked into the soil. This can be done by using a seeder or
tillage. The use of machines with the sole purpose of burying fertilizer (fertilizer
applicator) is increasing. When applying fertilizer with a seeder, there are two
options. The fertilizer is placed directly into the seed furrow together with the
seeds (single shoot). The disadvantage: pure nitrogen can only be applied up to
approximately 30 kg/ha without harming the seedlings (Akshalov and Meinel
2013). This dosage is enough for a target yield of 2 t/ha in the dry steppe. An
advantage of this method is that the seeder remains easy to pull as there is no
separate share for the fertilizer working in the ground. The second option creates
a second slit for the fertilizer close to the seed furrow (double shoot). With this
method, it is possible to apply high amounts of nitrogen, but the traction force
demand is significantly higher due to the additional furrow, which increases the
diesel costs per hectare and requires a larger tractor related to the working width.
A relatively new, very promising option is the application of liquid fertilizer. High
amounts of nitrogen can be applied without using a separate fertilizer share and
harming the seedlings. Moreover, other required elements can be added to the
liquid fertilizer allowing for perfectly adjusted fertilizing. Due to the low vertical
water movement in the project area, the phosphorus, which is not very mobile
anyway, remains in the topsoil and is available to the plants only to a limited
extent. Either extensive non-desirable tillage or the strip-till method is required
to conduct this element to the root horizon. Large amounts of phosphorus can
be applied to deeper layers when preparing for row crops such as sunflowers or
maize. This allows for a stock fertilization of two to three years.

There are, of course, more requirements beyond these four aspects which are
partially related. For instance, a sufficient amount of crop residues must remain in
the fields for the purposes of erosion protection, improving the humus balance and
reducing evaporation. Furthermore, snow retention in the winter must be improved.
This can be achieved through good crop establishment and good harvesting and/or
using strippers which only strip off the ears. This is, however, not possible for all
cultures.

Costs can also be reduced by using powerful modern machines. The working
quality is often significantly better than with old technology, and the risk of down-
times during the season is greatly reduced. The effectiveness of the individual work
steps such as seeding and herbicide application should be generally reviewed. These
processes can only be effective if they are executed at the right time.
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Finally, the processes of cleaning, drying and storing the harvest must be opti-
mized. In particular, the possibility of storing crops for longer periods allows for the
realization of the best possible prices.

The requirements and potential for improvement are very thematically hetero-
geneous. Switching to more effective and sustainable farming concepts requires a
very broad knowledge—from technology to crop nutrition—from the responsible
decision-makers. Therefore, it is absolutely necessary for them to seize all opportu-
nities with regard to training and expanding their horizon. Only then will a successful
transition be possible.
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Chapter 25
Modernization of Current Agricultural
Technologies of Grain Production Under
the Conditions of a Steppe Zone
of the Altai Region

V. I. Belyaev, L.-C. Grunwald, K. A. Akshalov, T. Meinel and L. V. Sokolova

Abstract In the first part of the article, the overview of different periods of agricul-
tural development in Kulunda Steppe is presented. The next part shows the materials
and methods of the research as well as the variants of tilling technologies and crop
rotations. In the third part, the change of precipitation and temperatures during the
growing season 2013–2016 is described. Furthermore, information on the water
regime of the soils, an analysis of the rate of moisture from the meter layer of soil
during the vegetation, follows. After that, there is crop yield data in dependence of
agricultural technologies and conclusions.
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25.1 Overview of Different Periods of Agricultural
Development in the Kulunda Steppe

The Kulunda Steppe is 5.3 million hectares (ha) in size and is very important for the
agricultural production of the Altai region.

Before the virgin land policy was implemented, the promoted technology for
agricultural production in the forest steppe of Altai region was post-harvest disking
tillage to reduce evaporation, deep autumn plowing, snow retention, and accumu-
lation of meltwater, early spring harrowing, pre-sowing cultivation with harrowing,
sowing in optimal time high-quality seeds, harrowing before and after germination,
distribution of organic fertilizers on the field of fallow andmineral fertilizers in times
of sowing and after germination, varietal and species weeding of sowings (Ovsinsky
1911). The application of these technologies resulted on one experimental field (of
about 4 ha) on the M.E. Efremov collective farm, in a record high yield of durum
wheat of 6.1 t/ha in 1936. In subsequent years, other collective farms reached even
higher yields (I.N. Rakitin: 8.0 t/ha; I.E. Chumanov: 8.6 t/ha, A.S. Sergeev: 10.1 t/ha)
(Belyayev 2014; Belyayev et al. 2014b).

The plowing of virgin lands in the Altai (1954–1958) was implemented on light-
textured soils. On average, the yield of summerwheatwas 0.8 t/hawithin the ordinary
and dry steppe. Sod and soil structure were destroyed by continuous deep tillage. Due
to these processes, wind and water erosion in the ordinary and dry steppe occurred.
Dust storms started to become a common phenomenon with devastating effects. For
example, during the dust storm of 1963, the seeding of spring crops was destroyed on
1.5 million ha. Serious damage to soils and yields was also caused by water erosion.
However, this is less visible than wind erosion (Kashtanov 1974).

During the late 1960s, the All-Union Scientific Research Institute of Grain Farm-
ing developed strategies for soil-protective farming in the Kulunda Steppe (Gon-
charov 1988). These strategies included grassing of lands suffering heavy erosion,
soil-protective grain-fallow short-term rotations with preservation of the stubble on
the surface of the soil during the soil treatment and the lane occupancy of crops
(Baraev 1988). Soil-protective farming was implemented in almost all areas of the
Kulunda steppe by the late 1970s.

On average, the yield of summer wheat in 1972 reached 1.98 t/ha in the Altai
region, including forest, ordinary, and dry steppe. These high yields resulted in a
comprehensive policy to develop grain production in the region (1976–1982). How-
ever, the policy could not be implemented because of shortages of fertilizers, plant
protection products, and other resources. A monoculture of wheat and the spread
of weeds resulted in lower yields. During 1983–1989, there was an increase in the
supply of herbicides and fertilizers. In addition, fodder rotations and grain-fallow
short-term rotations were implemented. As a result, there was an increase of grain
production and crop yield, on average, of 0.4 t/ha (Belyayev and Volnov 2010).

With the collapse of the Soviet Union and the subsequent period of economic
destabilization (1990–1999), yields and gross harvest of grain production declined
significantly. The reasonswere of a systemic nature, slowdeterioration of agricultural
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machinery, less government support, increase of input costs, staff not being able to
adapt its mindset, and the collapse of extension services. Despite these wider changes
occurring, top-down state order for crops continued. Monoculture of wheat was re-
implemented without grain-fallow and fodder rotations. Due to the economic tran-
sition period, agricultural production was not competitive (Belyayev and Sokolova
2016).

Since 2000, there was a review of agricultural production processes and technolo-
gies in theAltai region. Itwas concluded that deep tillage hasmany disadvantages and
minimal or no-till technologies are preferable due to the energy savings (Belyayev
and Volnov 2010; Belyayev et al. 2014d; Belyayev 2015; Kashtanov 2005). Never-
theless, these technologies require the application of herbicides and fertilizers and,
therefore, have a larger impact on the soil and agricultural products. Furthermore,
a new trend appeared—alternative biological and adaptive farming systems without
the need for herbicides. These technologies use the biological abilities of plants to
affect each other, either suppressively or stimulatingly. For example, pea–oat inter-
cropping gives higher yields compared to the monoculture of these crops. Winter
rye suppresses weeds following the summer crops. These systems also include crop
rotation, mulching with straw, green manures, or plant residues to create the organic
pillow on the field surface (Gnatovsky 2003).

In the Altai region since 2000, the production of other more profitable crops, such
as sunflower, buckwheat, soybeans, flax, and others, has increased significantly. The
areas andyields of sugar beets have also enlarged.The structure of croplandswas opti-
mized due to the planting of different crops and increasing feed production (Belyayev
and Reshotko 2014; Belyayev et al. 2016). This helps to expand energy-saving tech-
nologies (Belyayev et al. 2014a; Belyayev and Klishbekov 2014; Donchenko et al.
2008).

As shown in different periods of agro-economic development in the Altai region,
significantly, different yields were received. This cannot be explained only by the
variability ofweather conditions. It depended in no small part on the use of technology
as well as on state support.

25.2 Materials and Methods

In the Altai region from 2011 to 2016, an international interdisciplinary research
project KULUNDA was implemented (Belyayev et al. 2014c; Illiger et al. 2014).
The main purpose of this project was the development and introduction of innovative
technologies on the steppe land; designed to prevent further erosion, provide an
increase in soil fertility, as well as encourage the efficient use of land resources in
the arid regions of the Altai region.

There were stationary base platforms set-up on three farms: Ltd. KH ‘Partner’,
Mikhailovsky district, ZAO PP ‘Timiryazevskiy’, Mamontovsky district, and FSUE
PP ‘Komsomolskoye’, Pavlovsky district (Fig. 25.1). The monitoring of innovative
crop management technologies in crop rotations was integrated in these areas (148
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Fig. 25.1 Basic platforms of the KULUNDA project in the Altai region (Map based on Atlas of
the Altai region, 1978, modified)

variants of combinations of technological factors on the 356 plots). Modern world-
class equipment was used. The experiment began in autumn of 2012. The scheme is
shown in Fig. 25.2.

The following variants of tilling technologies were compared:

– CC—No-till technology, without autumn tillage;
– MCC—minimal autumn tillage technology of with KPSH-9 on 14–16 cm depth
(Fig. 25.3);

– OCC—deep autumn tillage technology with PG-3–5 on 22–24 cm depth
(Fig. 25.4).

The cultivation of crops was carried out in crop rotations:

– CC technology: 1–2–3–4 (wheat–pea–wheat–rape);
– MCC technology: 1–2–3–4 (wheat–pea–wheat–rape);
– OCC technology: 5/6–7/8–9/10 (fallow–wheat–wheat–wheat).

The sowing of crops by OCC and MCC technologies was carried out with the
drill CZC-2.1 (Fig. 25.5), and by the CC technology with experimental drill Condor
(Fig. 25.6).

The following parameters were used in the sowing process:
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Fig. 25.2 Scheme of the field experiment in LTD KH ‘Partner’, Mikhailovsky district (own data)

1. Spring wheat after rape and peas by CC and MCC technologies: 5 cm depth of
seeding, seeding rate of, respectively, 120 and 150 kg/ha, the dose of mineral
fertilizers to 100 kg/ha in physical weight;

2. Peas after spring wheat by CC and MCC technologies: 6 cm depth of seeding,
seeding rate of, respectively, 180 and 200 kg/ha, the dose of mineral fertilizers
50 kg/ha in physical weight;

3. Rape after spring wheat by CC and MCC technologies: the depth of seed place-
ment 4 and 5 cm, seeding rate, respectively, 4 and 10 kg/ha, the dose of mineral
fertilizers to 100 kg/ha in physical weight;

4. Spring wheat after the complete fallow, chemical fallow and wheat by OCC
technology: 5 cm depth of seeding, seeding rate 150 kg/ha without fertilizers.
On fallow fields, two treatment options were used: mechanical and chemical
(glyphosate).

The treatments with glyphosate of continual action were carried out on the plots
before sowing. Sowing was done in agrotechnical terms. This was determined by the
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Fig. 25.3 Chisel Plow KPSH-9 (Picture by Meinel 2014)

Fig. 25.4 Chisel Plow PG-3–5 (Picture by Meinel 2014)
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Fig. 25.5 Sowing machine of the three drills CZC-2.1 (Picture by Meinel 2014)

Fig. 25.6 Sowing complex
Condor (Picture by Meinel
2014)
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Fig. 25.7 Soil moisture tester HH-2 (Picture by Meinel 2014)

soil moisture in layers of up to one meter and moisture reserves in the meter layer
on the experimental plots in the spring (late April), on shoots (mid-June), and at the
harvest (late August) by device HH-2 (Fig. 25.7).

At the time of the shoots, the depth of seed placement, the number of shoots on
the rows of crops, and the plant height were determined. At the time of the harvest,
evaluations were carried out on a selection of samples of the yield of the plots, the
soil moisture in layers, the moisture reserve in the meter layer, plant height, and the
elements of the yield structure. The number of shoots, depth of seed placement, and
the plant height of the sowed rowswere determined at ten different times. Selection of
yield’s samples was performed five times. The obtained information was processed
on a computer to determine the statistics of measured parameters.

In the autumn of 2012 in v. Poluyamki, two PGS were set up to obtain meteoro-
logical observations. These stations were placed under the test plots with different
cultivation technologies in the rotation: at tier 0, plot 3 (CC technology) and plot 11
(OCC technology) (Belyayev 2015). A full description of the technical characteris-
tics of the automated stations and the features of their installation was published in
joint papers.

25.3 Precipitation and Temperatures

Ltd. KH ‘Partner’ is located in the West Kulunda zone of the Altai region. The
amount and distribution of precipitation and temperatures during the growing season
according to the weather station in v. Klyuchi for the long-term period were the
following (Tables 25.1 and 25.2):

The average yearly precipitation for the long-term period was equal to 328.3 mm.
In 2013–2016, distribution of precipitation and temperatures was the following

(Tables 25.3 and 25.4):
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Thus, in the years of the research in May–August (growing season), precipitation
was in the range of 123.0–180.0 mm with an average value of 148.2 mm. This
was below the long-term averages of 20.4 mm in comparison (by 12.1%). Less
precipitation during the growing season was observed mainly in June (by 24.7 mm
or almost two times less than the norm). Average monthly temperatures for the
4 years of research were similar to the long-term averages, except May, where it was
1.7 °C lower. The sum of growing season temperatures was lower by 38 °C (1.7%)
compared to long-term data.

25.4 Soil Water Regime

The data on common moisture reserves in the meter layer of soil on the different
variants of technology and cultivated crops for the observed periods of vegetation
are shown in Table 25.5.

W1—rate of water of meter layer of soil during the period from late April to mid-
June, mm; W2—rate of water of meter layer of soil during the period from mid-June
to late August, mm; W0—rate of water of meter layer of soil during the period from
late April to late August, mm; Yf—average physical yield of crops in the different
crop rotations and technologies, t/ha.

Table 25.1 Growing season
average long-term
precipitation, v. Klyuchi

Month Precipitation in the decade, mm Total, mm

I II III

May 7.7 6.0 11.7 25.4

June 16.6 19.1 17.1 52.8

July 24.4 20.1 15.0 59.5

August 16.7 7.0 7.2 30.9

Total – – – 168.6

Table 25.2 Growing season
average long-term
temperatures, v. Klyuchi

Month Average
temperatures in the
decade, °C

Monthly average
temperatures, °C

I II III

May 11.7 16.2 17.0 15.0

June 17.9 19.4 21.2 19.5

July 21.1 21.2 20.6 21.0

August 20.6 19.1 17.2 19.0

Sum,
°C

– – – 2290
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Table 25.3 Growing season
precipitation 2013–2016, v.
Klyuchi

Month Precipitation in the decade, mm Total, mm

I II III

May 9.3 11.0 13.1 33.3

June 10.3 13.5 4.4 28.1

July 23.0 12.5 23.3 58.8

August 9.0 11.0 8.0 28.0

Total – – – 148.2

Table 25.4 Growing season
average temperatures
2013–2016, v. Klyuchi

Month Average
temperatures in the
decade, °C

Monthly average
temperatures, °C

I II III

May 13.0 12.7 14.2 13.3

June 17.0 20.6 21.8 19.8

July 20.0 22.2 20.5 20.9

August 20.2 20.1 17.6 19.3

Sum,
°C

– – – 2252

Analysis of the data shows that in the spring (late April) the common average
moisture reserves in the meter layer of soil differed slightly in variants of agricultural
technologies for the 4 years of study. The changes were within 179.1–180.3 mm
(difference was only 1.2 mm). To mid-June, the difference increased to 11.3 mm
(range of changes was 154.5–165.8 mm) and decreased to the end of August to
6.8 mm (range of changes was 97.5–104.3 mm).

During the first observation period (late April-mid-June), the largest rate of soil
moisture was produced by MCC technology (24.9 mm) and the minimum—by
OCC technology (14.5 mm). During the second observation period (mid-June to
late August), the maximum moisture rate was by the CC technology (64.9 mm) and
the minimum—byMCC technology (56.3 mm). As a result, during the growing sea-
son, the moisture rate of the meter soil layer was practically the same for both MCC
and CC technologies (81.2 and 81.7 mm, respectively). For the technology OCC,
it was lower—76.0 mm. This was due to the fallow fields in the rotation in OCC
technology.

By analyzing the rate of moisture of themeter layer of soil during the growing sea-
son on the average yield of grain per field of crop rotation, we come to the conclusion
that the lowest value was obtained by the MCC technology (49 mm/t). Differences
in water consumption were not significant for both OCC and CC technologies (59
and 58 mm/t) and were much higher compared to the MCC technology.
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25.5 Crop Yield

The results of the physical yield of crops by variants of agro-technologies are sum-
marized in Table 25.6.

The yield of spring wheat by the intensive technology in crop rotation 1 (wheat—
chemical fallow–wheat–wheat) compared to crop rotation 2 (wheat–complete fal-
low–wheat–wheat) do not differ significantly, only in the range of 1% (1.92 and
1.93 t/ha, respectively).

The average yield of spring wheat by the technology with the minimum tillage
following a rape crop was lower (1.83 t/ha), and after the peas, it was 1.67 t/ha. The
respective data for wheat by no-till technology were 1.82 t/ha and 1.62 t/ha.

By both minimal and no-till technologies, a yield of peas of 1.58 and 1.44 t/ha,
respectively, was obtained, and the yield of rape−1.49 and 0.74 t/ha, respectively. As

Table 25.5 Averages of moisture reserves in the meter layer of soil on the different variants of
technology and water rate during the vegetation 2013–2016, mm

Technology Dates of the measurements

Late
April,
mm

Mid-
June,
mm

W1,
mm

Late
August,
mm

W2,
mm

W0,
mm

Yf,
t/ha

W0/Yfmm *
ha/t

2013

MCC 197.2 163.1 34.1 118.6 44.5 78.6 2.46 32

OCC 196.9 181.5 15.5 127.1 54.4 69.8 1.66 42

CC 205.4 184.9 20.5 109.9 75.0 95.5 2.06 46

2014

MCC 161.3 112.9 48.5 49.5 63.4 111.9 0.86 130

OCC 165.8 120.6 45.2 57.4 63.2 108.4 0.65 167

CC 146.8 96.9 49.9 50.1 46.8 96.7 0.57 170

2015

MCC 181.2 159.1 22.1 124.2 34.9 57.0 0.74 77

OCC 184.7 166.9 17.8 130.3 36.6 54.4 0.98 56

CC 184.4 172.6 11.7 129.4 43.2 55.0 0.78 71

2016

MCC 177.9 182.9 −5.1 100.7 82.2 77.2 2.50 31

OCC 173.6 194.2 −20.7 102.4 91.8 71.2 1.74 41

CC 179.9 195.0 −15.1 100.4 94.6 79.5 2.16 37

Average 2013–2016

MCC 179.4 154.5 24.9 98.3 56.3 81.2 1.64 49

OCC 180.3 165.8 14.5 104.3 61.5 76.0 1.28 59

CC 179.1 162.4 16.8 97.5 64.9 81.7 1.41 58
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shown, the minimal technology had a big advantage on fields of rape (by 0.75 t/ha)
and peas (by 0.14 t/ha) compared to others.

As a result, for the total crop rotation, the highest yield of grain obtained by
technology with minimal tillage (1.64 t/ha), next follows the no-till technology—
1.41 t/ha, and last was the technology with intensive autumn tillage—1.28 t/ha.
The advantage of the minimum technology in general is comparable to the no-till
technology obtained due to the low yield of rape (in two cases).

25.6 Conclusions

1. At different periods of agro-economic development in the Altai region, signifi-
cantly, different yields were received. This cannot be explained by the variability
of weather conditions only. It was no less dependent on the use of technology as
well as on state support.

2. General regularities of the water regime and the formation of crop yield were
recorded during the 4 years of research in the KULUNDA project.

3. In spring and late summer periods, average moisture reserves in the meter layer
of soil do not differ using both MCC and CC technologies (179.4 and 179.1 mm
in spring and 98.3 and 97.5 mm in late summer, respectively). But in the first
half of the growing season, moisture rate from the meter layer of soil by the CC
technology was lower by 8.1 mm and in the second half—higher by 8.6 mm
compared to MCC technology. The water rate dynamic varies slightly due to the
vegetation.

Table 25.6 Physical yield of crops by different variants of agro-technologies, 2013–2016, t/ha

Technology Crop in rotation Yield, t/ha Average by crop
rotation, t/ha2013 2014 2015 2016

MCC Peas 2.30 0.46 0.74 2.80 1.64

Wheat 2.47 0.67 1.07 2.48

Wheat 2.47 1.09 0.96 2.80

Rape 3.15 1.21 0.20 1.38

OCC Wheat/complete
fallow

2.51 0.99 1.48 2.75 1.28

Wheat/chemical
fallow

2.51 0.97 1.46 2.74

CC Peas 2.02 0.15 0.93 2.65 1.41

Wheat 2.19 0.56 1.01 2.73

Wheat 2.19 1.06 0.96 3.07

Rape 1.53 0.49 0.21 0.72
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4. With the OCC technology, average common moisture reserves were higher in
late summer compared to both theMCC and CC technologies by 6.0 and 6.8 mm,
respectively, due to the fallow fields in the crop rotation.

5. As a result, the maximum average crop yield in the crop rotation was achieved
by MCC technology (1.64 t/ha). It was significantly higher compared to both the
CC and OCC technologies (by 0.23 t/ha and 0.36 t/ha, respectively).

6. The rate of moisture from the meter soil layer by vegetation per unit of yield was
minimal when using MCC technology (49 mm/t against 58 and 59 mm/t by the
both CC and OCC technologies, respectively).
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Chapter 26
Autumn Tillage, Soil Moisture Content,
and Crop Yields

V. I. Belyaev, T. Meinel, R. Meissner, L.-C. Grunwald, V. V. Volnov,
E. Stephan and L. V. Sokolova

Abstract Thefirst part of this article gives anoverviewof soil preparation in theAltai
region. In the second step, materials and methods of the research are presented and
variants of soil preparation technologies aswell as crop rotations outlined. Thereafter,
information of water regime of the soils will be provided and the moisture rate of the
meter soil layer during the growing season analyzed. Finally, crop yields and relative
water rate are considered with respect to soil preparation technologies from which
conclusions will be drawn.

Keywords Soil preparation technologies · Tillage · Crop rotation · Soil moisture
content · Crop yield

26.1 Overview of Soil Preparation

Soil preparation is an important stage in agricultural production. Tillage is the most
important aspect of soil preparation, which is carried out in order to loosen the soil
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density, to increase organic matter and biogenic elements in the plowing layer as well
as to improve phytosanitary and other conditions for the sowing (Belyayev 2013).

In current farming, the basic soil preparation system determines many types of
field works and agricultural machinery. Soil preparation, in this case tillage, causes
soil erosion and decreases soil fertility. Therefore, practicing deep furrow tillage
in steppe regions causes major problems. In addition, soil preparation is an energy
demanding activity.

For a long time, the change of understanding of the basic soil-processing sys-
tem continued. For example, in 1870–1890 in the European part of Russia and
abroad the idea about creating a powerful cultivated layer by deep furrow tillage first
appeared (Timiryasev 1948; Kostichev 1951). Another approach embraced minimal
soil processing. It was shown that not deep tillage in the southeastern part of Russia
contributes to better water conservation and improves the availability of nutrients
(Ovsinsky 1911; Tulajkov 1963). However, this soil-processing system led to a very
large number of weeds in fields and in 1938 was forbidden.

Agricultural science continued to develop. Wiljams (1949) suggested to use a
20–22 cm depth of tillage and to afterward restore the soil structure due to the
sowing of legume-grass intercropping of perennial grasses. At about the same time,
Malzev (1956) recommended that every year furrow plowing is not needed and is
in fact rather damaging. He believed that the less arable horizon is subjected to
the treatment, the faster the soil structure is restored. Maltsev’s recommendations
yielded good results in the Trans-Urals, in the steppe areas of Siberia and in northern
Kazakhstan, but only on clean fields and with late sowing dates. At first, one had
to destroy the weeds, especially wild oats, due to pre-sowing treatment. However,
the system as proposed by Maltsev did not protect the soil from wind erosion in the
proper degree.

In the late 1950s, there was a fundamentally new system of agriculture developed
and offered for implementation. Barayev et al. (1988) suggested doing tillage with
subsurface cultivators to the 18 cm depth. This system allowed saving the stubble and
was intended for soils of dry steppes of Northern Kazakhstan and Western Siberia.
From then on energy-saving soil-protecting agriculture technologies spread through
all of Russia where they were developed further.

In the 1960s and 1970s, some of these studies were carried out in the Altai region.
It was shown that subsurface tillage needs lower inputs and in dry years helps saving
soil moisture and reduces wind erosion (Kashtanov 1974). However, in years with
goodmoisture and low temperatures, this tillage system did not show any advantages
as compared to plowing. There were limiting factors that restrained the extension of
the minimal energy-saving soil preparation in the forest-steppe regions of Western
Siberia. For example, reducing the depth of the tillage decreased the soil moisture
reserves. Reducing the number of treatments of the soil led to a reduction of its
aeration, caused reduction in the abundance of aerobic microflora, participating in
mineralization of organic matter, and reduced the accumulation of nitrate nitrogen
(Kashtanov 1974). Cereal crop yield declined due not only to the deterioration of
the soil water regime and plants nitrogen nutrition, but also due to increasing weed
infestation (Jashutin 1984; Stolyarov et al. 1998).
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During the 1990s, development of minimal tillage was carried out in conjunc-
tion with effective herbicides and fertilizers. It was found that the most effective soil
preparation system are deep subsurface tillage (24–27 cm) under arid conditions, and
furrow, or rotation of furrow and subsurface tillage under high soil moisture condi-
tions (strip plantations, forest belts, snow retention). Without herbicides and fertil-
izers, minimal subsurface tillage reduced wheat yields by 0.25–0.35 t/ha (Belyayev
et al. 2010).

According tomany authors, the problem of soil saving is themost acute ofmodern
agriculture (Christen et al. 2002;Unzhakova et al. 2011; Skripko et al. 2013;Belyayev
et al. 2014c; Belyayev and Sokolova 2016). Therefore, soil saving and increasing soil
fertility are a priority in farming. However, it should be emphasized that this problem
cannot be regarded independently. Rather one must take into account economic
factors, which largely determine the directions of tillage methods development and
hence the improvement of crop production technologies (Belyayev et al. 2014b).

26.2 Materials and Methods

In 2011–2016, the international, interdisciplinary research project KULUNDA was
implemented in the Altai region. Its main purpose was the development and intro-
duction of innovative land management technologies for the steppes, designed to
prevent further soil erosion, to provide for an increase in soil fertility and efficient
use of land resources in the arid zones of the Altai region (Belyayev et al. 2014a).

In 2012 in the Ltd. KH ‘Partner’, Mikhailovsky district, stationary base platforms
were set up in order to monitor the influence of methods of autumn tillage, pre-
sowing cultivation, and sowing for the soil moisture regime and yield of crops in
crop rotation. The test technology variants are summarized in Table 26.1.

The following cropping technology variants were compared:

1. Autumn tillage—Catros (depth 8–10 cm) (Fig. 26.1), pre-sowing tillage—Catros
(depth 6–8 cm), sowing—Condor (depth 4–5 cm) (Fig. 26.2).

2. Without autumn and pre-sowing tillage, sowing—Condor (depth 4–5 cm).
3. Autumn tillage—Catros (depth 8–10 cm), pre-sowing tillage—Catros (depth

6–8 cm), sowing—SES-2.1 (depth 5–6 cm) (Fig. 26.1).
4. Without autumn and pre-sowing tillage, sowing—SES-2.1 (depth 5–6 cm).
5. Autumn tillage—KPSH-9 (depth 14–16 cm) (Fig. 26.3), without pre-sowing

tillage, sowing—SES-2.1 (depth 5–6 cm).
6. Autumn tillage—PG-3–5 (depth 20–22 cm) (Fig. 26.4), without pre-sowing

tillage,
7. Sowing—SES-2.1 (depth 5–6 cm).

The cultivation of crops was carried out in rotation: spring wheat—peas—spring
wheat—spring rape. There were in total four blocks with six variants each.

The following crop sowing process parameters were used:
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Fig. 26.1 Machine-tractor aggregates K-701 + Catros (on the left) and MTE-82 + SES-2.1 (on
the right) (Picture by Meinel 2014)

Fig. 26.2 Experimental drill Condor (Picture by Meinel 2014)
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Table 26.1 Test technology variants, Ltd. KH ‘Partner’ (own data)

Crop in crop
rotation

Plot Machines

Autumn
tillage

Pre-
sowing
tillage

Sowing

A. Rape
B. Wheat
C. Peas
D. Wheat

A1 B1 C1 D1 Catros Catros Condor

A2 B2 C2 D2 – – Condor

A3 B3 C3 D3 Catros Catros SES-
2.1

A4 B4 C4 D4 – – SES-
2.1

A5 B5 C5 D5 KPSH-
9

– SES-
2.1

A6 B6 C6 D6 PG-
3–5

– SES-
2.1

Fig. 26.3 Machine-tractor aggregate K-701 + KPSH-9 (Picture by Meinel 2014)
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Fig. 26.4 Machine-tractor aggregate K-701 + PG-3–5 (Picture by Meinel 2014)

1. Spring wheat: sowing rate for Condor—120 kg/ha, SES-2.1–150 kg/ha, doze of
fertilizer—100 kg/ha of ammonium nitrate in gross weight;

2. Peas: sowing rate for Condor—180 kg/ha, SES-2.1–200 kg/ha, doze of fertil-
izer—50, and 100 kg/ha of ammonium nitrate in gross weight for Condor and
SES-2.1, respectively;

3. Spring rape: sowing rate for Condor—3.5 kg/ha, SES-2.1–10 kg/ha, doze of
fertilizer—100 kg/ha of ammonium nitrate in gross weight;

Before sowing treatments with glyphosate of continual action were carried out
on the plots. Sowing was done in agrotechnical terms. By growing spring, wheat
treated with tank mixture and peas and rape with ‘Forward.’ The soil moisture was
determined in layers of up to one meter and moisture reserves in the meter layer of
soil in the spring (late April), on shoots (mid-June) and during the harvest season
(late August) with the help of device HH-2.

At the time of harvest, samples of the yield were taken from the plots; the soil
moisture in layers of up to one meter, the moisture reserve in the meter layer and
the plant height were determined and the elements of the yield structure evaluated.
The obtained information was processed on a computer in order to determine the
statistics of measured parameters.
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26.3 Results of the Soil Water Regime Determination

Ltd. KH ‘Partner’ is situated in the West-Kulunda zone of the Altai region. The
amount and distribution of precipitation and temperatures during the growing season
is presented according to the data of weather station in v. Klyuchi.

In 2013–2016, precipitation in May–August (growing season) was
123.0–180.0 mm, on average 148.2 mm. This is 20.4 mm (12.1%) below the
average long-term data. Precipitation was especially low in June (24.7 mm less, i.e.
almost 2 times lower than the norm). Average monthly temperatures were at the
level of the long-term averages, except in May where they were lower by 1.7 °C.
The growing season temperatures’ sum was 38 °C (1.7%) lower than the long-term
temperatures’ sum.

General moisture reserves in the meter soil layer are shown in Table 26.2.:
As the results show, in late April minimal general moisture reserves in the meter

soil layer were found in plots where technologies with autumn tillage by Catros had
been applied: №1 (177.7 mm) and №3 (178.5 mm). The maximum was obtained by
technology with deep autumn tillage, i.e., PG-3–5 №6 (203.6 mm). The differences
are significant. The general moisture reserves in the meter soil layer by other tech-
nology variants were very close—187.5–192.5 mm. However, by mid-June, there
was an equalization of moisture reserves in the first meter of soil by all technolo-
gies. The highest difference was only 6.1 mm and was not statistically significant
(174.2–180.3 mm).

During the first observation period (late April–mid-June), the largest spending of
water from the soil was by technology№6with autumn tillage by PG-3–5 (23.4mm).
With regard to technology №1 (tillage by Catros), even an increase of moisture
reserves of 1.8 mm was observed. Thus, water spending in the first period of veg-
etation was significantly reduced when subsurface tillage or no tillage was applied
(technologies №1–4) compared to when deep tillage was used (technologies № 5,
6).

In late August, moisture reserves in the first meter of soil were within
122.4–127.0 mm by all technologies and not significantly diverging (only up to
4.6 mm). However, spending of water from the meter layer during the second obser-
vation period (mid-June–late August) changed in a wider range (47.2–57.1 mm).

In sum, the maximum spending of water from the meter layer during the growing
season could be observed in relation to the application of technology №6 (deep
autumn tillage by PG-3–5)—77.1 mm, the minimum in relation to technologies
№1 and №3 (autumn tillage by Catros)—52.3 and 52.9 mm. The differences are
significant. Thismeans that deep autumn tillage led both to an increase of themoisture
reserve in the meter soil layer in the spring as well as to an increase in the spending of
moisture during the growing season by the same amount compared with the mulch
subsurface tillage technologies.
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Table 26.2 Generalmoisture reserves in themeter soil layer and spendingwater during the growing
season 2013–16, mm

Technology,
№

Dates of the measurements

Late April,
mm

Mid-June,
mm

W1, mm Late
August,
mm

W2, mm W0, mm

2013

1 238.8 189.5 49.3 150.2 39.3 88.6

2 217.4 184.9 32.5 130.8 54.2 86.7

3 224.6 186.8 37.8 140.1 46.7 84.5

4 223.3 188.2 35.1 138.0 50.3 85.3

5 214.4 182.9 31.5 145.9 37.0 68.5

6 226.9 190.3 36.6 148.4 41.9 78.5

2014

1 142.1 108.1 34.0 96.7 11.5 45.5

2 144.5 118.1 26.4 115.0 3.1 29.5

3 128.4 116.9 11.5 98.0 18.9 30.4

4 149.8 113.3 36.5 104.6 8.8 45.2

5 170.8 125.4 45.5 108.9 16.5 62.0

6 153.4 120.7 32.7 109.3 11.4 44.1

2015

1 168.6 199.1 −30.5 124.3 74.8 44.3

2 190.4 187.3 3.1 125.4 61.9 65.0

3 169.3 177.3 −8.0 130.2 47.1 39.1

4 192.1 193.5 −1.5 123.5 70.1 68.6

5 186.4 165.2 21.2 130.3 35.0 56.2

6 202.1 187.2 14.9 124.6 62.6 77.5

2016

1 161.3a 221.4 −60.1 130.4 91.0 30.9

2 197.9a 229.5 −31.6 136.3 93.2 61.6

3 191.5a 217.3 −25.8 133.9 83.4 57.6

4 203.8a 222.6 −18.8 123.6 99.0 80.2

5 198.2a 223.1 −24.9 123.0 100.1 75.2

6 232.0a 222.8 9.2 123.9 98.9 108.1

On average 2013–2016

1 177.7 179.5 −1.8 125.4 54.2 52.3

2 187.6 180.0 7.6 126.9 53.1 60.7

3 178.5 174.6 3.9 125.6 49.0 52.9

4 192.3 179.4 12.8 122.4 57.1 69.8

(continued)
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Table 26.2 (continued)

Technology,
№

Dates of the measurements

Late April,
mm

Mid-June,
mm

W1, mm Late
August,
mm

W2, mm W0, mm

5 192.5 174.2 18.3 127.0 47.2 65.5

6 203.6 180.3 23.4 126.6 53.7 77.1

W1: water spending from meter layer of soil during the period late April–mid-June, mm
W2: water spending from meter layer of soil during the period mid-June–late August, mm
W0: water spending from meter layer of soil during the period late April–late August, mm
aMeasurement of the moisture reserve in the meter layer of soil in late April of 2016 was carried
out on the block of the plots B

Table 26.3 Crop yield, t/ha, 2013–2016

Technology Crop/Forecrop Yf, t/ha W0/Yf,
mm/tPeas/Wheat Wheat/Peas Rape/Wheat Wheat/Rape

A1, B1,
C1, D1

1.20 1.11 0.89 1.32 1.13 46

A2, B2,
C2, D2

1.14 1.32 0.91 1.38 1.19 51

A3, B3,
C3, D3

1.63 1.75 1.29 1.86 1.63 32

A4, B4,
C4, D4

1.44 1.69 1.31 1.91 1.59 44

A5, B5,
C5, D5

1.44 1.73 1.37 1.83 1.59 41

A6, B6,
C6, D6

1.52 1.65 1.43 1.99 1.65 47

On average 1.40 1.54 1.20 1.72 1.47 46

Yf: average physical yield of crops, t/ha
W0: water spending from meter layer of soil during the period late April–late August, mm

26.4 Results of the Crop Yield and Relative Water Rate

The crop yield and relative humidity rate are presented in Table 26.3.
The analysis shows that on average across all technologies rape produced the

lowest average yield (1.20 t/ha) and spring wheat after rape the highest (1.72 t/ha).
Comparing the average crop yield across technologies, two technologies produced

much less than the others: №1 (autumn and pre-sowing tillage by Catros, sowing by
Condor) and№2 (without autumn and pre-sowing tillage, sowing by Condor)—with
1.13 t/ha and 1.19 t/ha, respectively. With all other technologies, the yield was within
1.59–1.65 t/ha (without autumn and pre-sowing tillage, tillage by Catros, KPSH-9
and PG-3–5, sowing by SES-2.1). This was due to a significant reduction in the seed
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rate for sowing by Condor, compared to SES-2.1, because it was assumed that the
Condor would provide significantly better seed placement, and the field germination
would be significantly better as well.

By analyzing the spending of water from meter soil layer in the rotation during
the growing season on the average yield of grain plots, we conclude that the lowest
value was obtained by technology №3 (autumn tillage by Catros, sowing by SES-
2.1)—32 mm/t, and the maximum value—by technology №2 (without autumn and
pre-sowing tillage, sowing by Condor)—51 mm/t. For the other technologies, this
parameter was within 4.1–4.7 mm/t.

26.5 Conclusions

1. In lateApril, minimal generalmoisture reserves in themeter soil layerwere found
in plots where technologies with autumn tillage by Catros had been applied: №1
(177.7 mm) and№3 (178.5 mm). The maximumwas obtained by technology№6
with deep autumn tillage by PG-3–5 (203.6 mm). The differences are significant.
The general moisture reserves in themeter soil layer by other technology variants
were very close—187.5–192.5 mm.

2. By mid-June, there was an equalization of moisture reserves in the first meter
of soil by all technologies. The highest difference was only 6.1 mm and was not
statistically significant (174.2–180.3 mm).

3. During the first observation period (late April–mid-June), the largest spending
of water from the soil was by technology №6 with autumn tillage by PG-3–5
(23.4 mm). With regard to technology №1 (tillage by Catros), even an increase
of moisture reserves of 1.8 mm was observed. Thus, water spending in the first
period of vegetation was significantly reduced when subsurface tillage or no
tillage was applied (technologies №1–4) compared to when deep tillage was
used (technologies № 5, 6).

4. In late August, moisture reserves in the first meter of soil were within
122.4–127.0 mm by all technologies and not significantly diverging (only up
to 4.6 mm). However, spending of water from the meter layer during the
second observation period (mid-June–late August) changed in a wider range
(47.2–57.1 mm).

5. The maximum spending of water from the meter layer during the growing season
could be observed in relation to the application of technology №6 (deep autumn
tillage by PG-3–5)—77.1 mm, the minimum in relation to technologies №1
and №3 (autumn tillage by Catros)—52.3 and 52.9 mm. The differences are
significant. This means that deep autumn tillage led both to an increase of the
moisture reserve in themeter soil layer in the spring aswell as to an increase in the
spending of moisture during the growing season by the same amount compared
with the mulch subsurface tillage technologies.

6. On average across all technologies, rape produced the lowest average yield
(1.20 t/ha) and spring wheat after rape the highest (1.72 t/ha).
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7. Comparing the average crop yield across technologies, two technologies pro-
duced much less than the others: №1 (autumn and pre-sowing tillage by Catros,
sowing by Condor) and №2 (without autumn and pre-sowing tillage, sowing by
Condor)—with 1.13 t/ha and 1.19 t/ha, respectively. With all other technologies,
the yield was within 1.59–1.65 t/ha (without autumn and pre-sowing tillage,
tillage by Catros, KPSH-9 and PG-3–5, sowing by SES-2.1). This was due to a
significant reduction in the seed rate for sowing byCondor, compared to SES-2.1,
because it was assumed that the Condor would provide significantly better seed
placement, and the field germination would be significantly better as well.

8. The spending of water from meter soil layer in the rotation during the growing
season on the average yield of grain plots was obtained the lowest by tech-
nology №3 (autumn tillage by Catros, sowing by SES-2.1)—32 mm/t and the
maximum—by technology №2 (without autumn and pre-sowing tillage, sowing
by Condor)—51 mm/t. For the other technologies, this parameter was within
4.1–4.7 mm/t.
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Chapter 27
Perspectives for a Sustainable Production
of Row Crops in Systems of Minimised
Tillage—A Special Focus on Sunflower
Cropping in Western Siberia

L.-C. Grunwald, T. Meinel, N. A. Kozhanov, N. V. Rudev and V. I. Belyaev

Abstract Sunflower and corn are widely spread row crops in the continental agri-
cultural steppes of America and Eurasia. Sunflower, in particular, is more demanding
than other common regional crops regarding the preparation of the soil and nutrient
supply. Due to the high profits in sunflower farming, significant investments have
been made into intensive mechanical soil preparation and plant nutrition. Due to the
open nature of row crops until late in the vegetation season, the soil is exposed to
wind and water erosion for long periods of time. Spreading large amounts of required
nutrients as mineral fertiliser is only practical to a limited extent due to low precipita-
tion and its uneven temporal distribution. Deep soil tillage in strips with simultaneous
fertiliser placement in deeper soil layers represents an economically and agricultur-
ally sound alternative to full-area loosening. The soil is cleared in strips from any
harvest residues. This procedure improves germination and emergence conditions in
the cold spring. In the deeply loosened strips, plant roots grow more quickly towards
the fertiliser depot worked into the soil. The targeted deep growth helps plants to
open up more soil water resources and survive drought periods. Traction per unit
area and therefore fuel, time and costs can be saved because the soil is loosened in
strips only. The agricultural and economic profitability of the strip-till method for
sunflower and corn was tested in a dry steppe location for several years as a part of
the KULUNDA research project. Optimum values for the working depth and amount
of fertiliser were determined for the location.
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Keywords Row crops · Sunflower ·Wind erosion ·Water erosion · Strip tillage ·
Plant available water · Plant nutrition · Nutrient supply

27.1 Introduction

The monoculture of summer wheat and later the use of black fallow for improved
weed control, nutrient mobilisation and water storage were extended to about 42
million ha by the Virgin Lands Campaign Tselina primarily in northern Kazakhstan
and Western Siberia (Eule 1962; Wein 1980). For a long time, this ‘crop rotation’
was the most used method of agricultural production in the steppe regions of the
Transural. In the early 2000s, businesses started to develop different crop sequences
and to cultivate other, more profitable crops beside summer wheat. Apart from grains
and buckwheat [Fagopyrum esculentum], row crops are mostly grown. Corn [Zea
mays L.] for corn maize and for corn silage as animal feed as well as sunflowers
[Helianthus annuus L.] are primarily grown. Due to its continental climate, the region
has a high number of sun hours and high temperatures during the summer months
which are favourable for sunflower cultivation. The sunflower acreage increased in
the last years (see Fig. 27.1). Sunflowers are now the most profitable crop for many
businesses because they bring high sales prices.1 Besides the financial benefits of
selling sunflowers, this crop is very resistant to the recurring droughts of the early
summers in northern Kazakhstan and Western Siberia. Sunflowers as well as corn
are grown at 70 cm row distance.

27.2 Growing Sunflowers—Even Today an Intensive
Cultivation System

The effort to grow row crops is generally quite high in comparison with grains. It
requires a larger area for each individual plant which explains the large inter-row
space and the large distance between the plants within each row.2 Therefore, weed
control and tillage are very important. Because of the wide row distance, the soil is
without shade for a longer time in comparison with the more densely planted grains
(Bordon et al. 2011) which provide competing weeds and self-set plants from the
previous year’s crop excellent growth conditions. Therefore, intensive tillage is used
in traditional soil management systems for growing sunflowers and corn.

Even businesses, which are already using minimised tillage or even direct seeding
systems for growinggrains and animal feed, usually apply intensive tillage andhoeing
between rows after the seedlings emerged when growing sunflowers (see Fig. 27.2).

1Price for commonwheat (Altai Krai June 2017): 8800 RUB–7300 RUB; Price for Sunflower (Altai
Krai June 2017): 15,000 RUB (Agronovosti 2017).
270 cm row distance, about 28 cm distance between plants within the rows at 50,000 seeds per ha.
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Both methods help to control weeds very well. Furthermore, nutrient availability
rises due to increased mineralisation of humus by the repeated tillage and the soil’s
changing moisture penetration and aeration (Havlin et al. 1989). By mobilising the
nutrients of the soils, less additional fertiliser is needed when growing the crop.

Further, the tilth requirements for sunflowers cause many farmers to use large-
scale and intensive tillage. Sunflowers require a high temperature sum of at least
1450 °C for optimal growth (Proplanta 2017). The vegetation period is short in north-

Fig. 27.1 Sunflower acreage relative to the total acreage of arable land in the Russian Federation
(RF) 1996–2014 (ROSSTAT 2014)

Fig. 27.2 Tillage for weed control before sunflowers sowing, Altai Krai 2012 (GRUNWALD)
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Fig. 27.3 Not harvested sunflowers in the snow, Altai Krai March 2015 (photograph Grunwald
2015)

ern Kazakhstan and Western Siberia, and very early sowing is required to achieve
the temperature sum during the growth period.

Time for harvest is close to or already during the first frost which often decreases
yield quality and sales. Losses are even worse if the sunflowers cannot be harvested
until next spring (see Fig. 27.3).

To achieve the ripening as early as possible before the first frost, the maximum
duration of the growth period must be used. The time of sowing sunflowers is usually
at the end of April/ beginning of May in Western Siberia. Frosts often still occur at
that time (Charlamova 2013) which hinders the warming of the soils. By tilling, the
soil is kept cover-free, and the soil horizon containing the seeds warms up faster
during the day. Germination is stimulated, and the seedlings emerge and develop
faster.

A deep loosening of soil promotes the development of a well-established root
system. The sunflower’s taproots go very deep and develop faster if the soil’s bulk
density is less (Veihmeyer and Hendrickson 1948). Soil compaction leads to the
development of a very flat root ball and, thereby, causes moisture stress and nutrient
deficits. Figure 27.4 displays an idealised image of the sunflower’s root system.Most
of the roots reach a depth of 80 cm. Some long roots grow about 2 m deep where
they can tap in water resources which are very important especially during dry spells.
A quick root development into deeper soil horizons is very important particularly
regarding the frequent early summer droughts because the plants are not completely
developed in June.

These are the main reasons why very intensive tillage practises for growing sun-
flowers are still in use even in the driest regions of the Eurasian Steppe and despite
the well-known problems.
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Fig. 27.4 Sunflower with
typical root
system—taproots up to 2 m
deep are common and help to
access water in these
horizons (Kutschera et al.
2009)

27.3 Risks of Using Intensive Tillage for Growing Row
Crops

Due to the very late complete coverage by plants, which is a result of the wide row
distance, wind and water erosion are omnipresent risks of growing sunflowers by
using intensive tillage systems. The increased loosening of the soil by crushing the
soil aggregates, particularly in soils with a high clay percentage, rises the risk of soil
compaction caused by the usage of heavy machinery (Sommer et al. 2002).3 Soil
compaction can have a negative effect on corn which can result, for example, in root
deformation (see Fig. 27.5, right photograph).

Loosened soil and minimal or even no coverage by plant residue after harvesting
due to large-scale tillage results in increased evaporation (Cuthfort and McConkey
1997; McConkey and Stumborg 2003). The weather is often very warm and dry in
northern Kazakhstan and Western Siberia at the time of sowing. Sukhoveys4 cause
high losses of soil moisture which can become even greater with wider row distances
(Kazhtanov 1974). If the sowing layer is becoming already too dry, sowing needs to be
done at a greater depth. Due to the wide inter-row space, the soil is very susceptible to
water erosion and siltation during torrential rainfalls (Larson et al. 1983). Especially
young crops are sensitive to soil encrustation. Water infiltration and gas exchange

3Additionally, often wrongly balanced machines and wrong (too high) tyre pressure are used.
4Dry and warm wind in Central Asia during south-west weather condition.
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wind erosion water erosion root deformation

Fig. 27.5 Common problems due to intensive tillage of row crop plots—erosion and stunted growth
due to soil compaction (left and middle photograph: Grunwald 2014; right photograph: Bergmann
2014)

Fig. 27.6 Water erosion and siltation after a summer thunderstorm on a field of young sunflower
plants, July 2012 (photograph Grunwald 2012)

between soil and atmosphere are reduced. The tillage intensity should be reduced,
and the tillage system should be technically and agronomically converted to limit
the risks of erosion and evaporation and to reduce the costs of large-scale tilling
(Fig. 27.6).

27.4 Reducing Tillage in Intensive Crop Farming
Systems—Also a Challenge for Plant Nutrition

The sunflower harvest of Western Siberia and northern Kazakhstan is sold to oil
mills and—very profitably—to roasting plants. Seed size and quality are crucial and
determine the profit. Therefore, the optimal nutrition of the crop is very important.
Fertilisation is required to provide the necessary nutrient amount in plant-available
form. Fertiliser must be applied in the right form tominimise any losses. The blanket-
like application of solid fertiliser is possible, but the weather must be taken much
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more into consideration inWesternSiberia than in other,more humid farming regions.
Humidity is for most of the growth period very low. Precipitation occurs seldom and
very localised during the summer months. Insolation and potential evaporation are
very high (Milkov 1977; Charlamova 2013). Mineral fertilisers cannot be dissolved
under these conditions. Instead, they are leaking into the atmosphere by volatilisation
resulting infinancial losses (PAMIandSSCA2000).Under these climatic constraints,
blanket-like adequate fertilisation is technically and agriculturally very difficult to
achieve. Therefore, fertiliser is increasingly applied into the soil and directly close
to the seed in the dry farming regions of Western Siberia and northern Kazakhstan.

An initial fertiliser dose containingmainly ammoniumand nitrogen can be applied
directly into the seed furrowwith the rightmachinery at the time of sowing. The initial
fertilisation accelerates germination and crop establishment. If seed and fertiliser
are placed in the same furrow, the fertiliser amount must be significantly reduced
depending on soilmoisture andweather conditions.5 A limit of 30 kg/ha of nitrogen is
recommended.Anapplicationofmuch larger nutrient amounts is possible, too, beside
the initial dose. This way, nutrients are available during the entire growth period of
the crop. But the separation of seed furrow and fertiliser furrow is essential to prevent
damages of the seed (see Fig. 27.7). Germinating sunflowers are very sensitive to
high fertiliser amounts in their proximity. Higher fertiliser amounts should be placed
separately in a second furrow away from the seed (PAMI and SCCA 2000; NSA
2017). Nitrate and ammonium are very soluble in water and, therefore, transported
quickly by soil solution. This, however, requires a sufficient amount of water. Due
to low precipitation and high evaporation in the steppes of Western Siberia, nutrient
movement by soil water is very localised. Overall, the soil moisture decreases during
the growth period due to evaporation and water uptake by plants resulting most of the
time in ascending soil water. The deposition of the necessary total nutrient amount
into the topsoil is not applicable for the sunflower with its deep root system because
of the limited nutrient movement into deeper soil horizons.

For example, phosphorus as the second-most important macro-element of plant
nutrition (Baeumer 1992) is a much less mobile nutrient than nitrogen. The smallest
amount of soil phosphorus (about 1–2 kg/ha6) is available as phosphate in the soil
solution. Up to 65% of the total soil phosphorus is organic, and its release is minimal.
Only phosphorus bound in microbial mass and plant residue is easily mineralisable.
The phosphorus concentration in the soil solution is usually very low, and there is
almost no movement of phosphorus by the soil solution.

The plant availability of phosphorus depends on fertilisation (Baeumer 1992).
If phosphorus (P) and potassium (K) fertiliser would be applied on the soil sur-

face and tillage would be reduced, the nutrients could not reach deeper soil horizons
due to the dry climate. Potassium and phosphorus are important for strong plant
development and resistance to moisture stress (NSA 2017). Plant growth, especially
leave size, inflorescence and infructescence depend on phosphorus. A thorough mix-

5Ammonium, nitrate and potassium salts can burn seeds and plants if the concentration is too high
and soil moisture too low which can result in high yield losses.
6As H2PO4

− or HPO4
2−—ions in solution.
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Fig. 27.7 Separate
deposition of seed and
fertiliser prevents damages
of the seed by high fertiliser
amounts (courtesy of JOHN
DEERE)

ing or even turning the soil with a plough has its advantages regarding the nutrient
availability which are lacking in systems with reduced tillage. Intensive tillage and
the crushing of soil-humus-aggregates accelerate the mineralisation of soil-carbon-
compounds/humus which results in a higher nitrogen availability (Zigon andMihelic
2015). The nutrients are incorporated into greater depth by thorough mixing or turn-
ing of the soilwhich is advantageous formore immobile nutrients. This is not possible
with minimised tillage practises.

If the intensity and depth of tillage are reduced for erosion prevention and cost
savings, the development of a nutrient layer in the soil can be a result. Phosphorus and
potassium compounds accumulate in the topsoil because of the reduced incorporation
of crop residues (Deubel et al. 2011).

Aconcentrated applicationof fertiliser during tillage is anoption to place primarily
immobile nutrients in deeper soil horizonswhere theywould not get due tominimised
tillage intensity.

27.5 Strip-till for Growing Row Crops—An Alternative
and a Compromise

Soya bean and corn are grown often in a close soya bean/corn rotation in the Great
Plains ofNorthAmerica.7 Over time, the crop rotation becamemuch simpler inNorth
America than in the post-Soviet regions. Beside alfalfa, no other crops are grown in
a lot of regions. Tillage intensity was much higher in the past. Many farms employ
only a few workers in relation to the farmed acreage, and the productivity/output
per acre of large-scale tillage reaches its limits. Work widths cannot be extended
endlessly. The required drawbar power would be too high. It would be too high also
at higher speeds, beside the material wear.

7The purpose is animal feed production (fodder crop farming) for intensive cattle farming.
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Fig. 27.8 Loosening of a Chernozem by strip-till near Bernburg in Central Germany (Grunwald
2012)

The fuel consumption is already steadily on the rise and is even less justified
by increasing fuel costs. In row cropping systems, a new tillage system called stipe
tillage or strip-till is increasingly used not only in North American farming regions.
The tillage/soil loosening is done only for the seed row when strip-tilling (Herrman
et al. 2012).

Two-thirds of the soil is not tilled (Hermann et al. 2012; Morrison 2002). The
reduced tillage of the soil in strip-till systems has advantages for the soil which are
already known from direct seeding system for growing grains. Soil mechanic, espe-
cially aggregate stability, pore volume and pore size distribution improve (Simmons
and Nafziger 2012). The infiltration rate during torrential rains increases as well as
the trafficability. The risk of damaging compaction is reduced.

Especially in dry farming regions, the usage of soil water in greater depths by
the crop is very important. Quick, healthy root development is favourable for plant
development and can be achieved by strip-till. Compaction of the bottom soil due to
conservation tillage can be counteracted by strip-till. Figure 27.8 shows the different
penetration resistance of the tilled and not-tilled part of a Chernozem near Bernburg
in Central Germany. The loosening in the strip stimulates root growth specifically
into the depth. The temperatures of soil and atmosphere are usually very low at the
end of April. Fast soil warming is of advantage for the germination of the crop (see
Fig. 27.9). The germination conditions improve after sowing in spring because of
the wide-tilled furrow in strip-till systems. This is an advantage which strip-till has
in common with large-scale tillage.

The deep tillage of strips is a compromise between necessary intensive tillage for
healthy crop development in a well-loosened seedbed and the minimisation of tillage
to prevent erosion, decrease evaporation and reduce costs.

Strip-till cultivators are usually pulled by a tractor. A combination of several
tools is used with this machinery which is completing several tasks during one work
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Fig. 27.9 Faster soil warming of the furrows after strip-till—better germination especially dur-
ing cold weather in spring (Bayerische Landesanstalt für Landwirtschaft—Source https://www.lfl.
bayern.de/mam/cms07/ilt/dateien/vortrag_strip_tillage.pdf)

cycle. Organic material must be chopped which prevents clogging during the deep
loosening later. Clearing tools like star-notched disc blades or wave disc blades,
which are installed in a V-like angle in driving direction before the actual loosening
tool, clear the working area from the residues from the previous crop. They ensure
a wide, uncovered strip and prevent clogging of the whole machinery. The actual
tilling tool is either a disc share or a tine share. The advantage of disc shares is less
clogging. Disc shares cut the residues of the previous crop and open the soil surface.
If the pressure applied to the disc shares is insufficient, residues can get pushed into
the soil (hair pinning effect). A dense residue matt can cause problems regarding
loosening the topsoil and ensuring access to the soil water of deeper soil horizons.
If the disc shares cut through the crop residue and into the soil, particularly wave
disc shares produce a lot of fine soil which has many advantages for the seedbed
quality. Tine shares as loosening tools clear reliably the furrow from crop residue.
There is no problematic pushing of straw into the furrow. Tine shares are easily
inserted in the soil and keep the whole cultivator on track on the set tilling depth.
The accumulation of crop residue around the share tips is a disadvantage of using
tine. Therefore, it is very important to use good clearing tools for the shares. The
tillage depth of a tine share is deeper in comparison with the disc share, and soil
can be loosened even below the topsoil which facilitates the root development of the
crop. The combined usage of soil reflecting discs with tine shares makes sense. They
push the soil around the tine back into the furrow and thereby increase the maximal
driving speed (Fig. 27.10).

https://www.lfl.bayern.de/mam/cms07/ilt/dateien/vortrag_strip_tillage.pdf
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Fig. 27.10 Strip-till cultivator attached behind a liquid manure spreader. To prevent ammonium
volatilisation, it is very important to avoid any delays of spreading manure (Edited by the author,
courtesy of www.vogelsang.info)

Two contact points keep the depth of the coulter system on track. The front contact
point might be a roller paired with the coulter blade. The contact point at the back is
most of the time a pair of rollers.

Open cage rollers are common for loosening of the soil’s surface as well as V-
shaped rollers which apply higher pressure to the furrow sides and thereby ensure
secure access to the capillary fringe. The type of rolls used depends on local condi-
tions.

Liquid or granulate fertiliser can be applied with the loosening tine in the soil. A
tine behind the share provides a zone with a little or no soil movement while working
the soil.

This is the part where a fertiliser supply line can be attached. In regions with a high
percentage of fodder crop farming, large amounts of liquid manure are applied to
the soil and directly underneath the future seed row by using a tine with the strip-till
system (Fig. 27.11).

Organic nutrients can be added at 20 cm or even 30 cm beneath the soil surface.
This kind of fertiliser application cannot be realised on an entire plot. The large
amount of liquid manures of up to 50 m3/ha would increase the soil moisture too
much, and the incorporation of the fertiliser in the soil by a cultivator would be
impossible. The depth for large-scale applications is usually between 8 and 12 cm,
and disc harrows are used. The relative acreage of fodder crop farming is very low in
the dry farming regions of northern Kazakhstan andWestern Siberia. Liquid manure
application with a strip-till cultivator is not common but might be possible in smaller
mixed-farming businesses and could be a good starting point to improve the nutrient
availability and tilth. Crops are primarily grown for direct marketing. If fertiliser
is used, mineral fertiliser is applied by blanket-like spreading or by incorporation

http://www.vogelsang.info
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Fig. 27.11 Scheme of the classic strip-till without large-scale deep tillage of the soil. Inter-row
spaces stay covered, fertiliser application at tillage depth (courtesy of Amazonenwerke 2013)

into the soil. Here, the potential for improvement must be found and used. Strip-till
machinery can combine the steps of tillage and fertilisation and place the fertiliser
into the root zone of the crop. Dissolving fertiliser in soil water is still necessary for
the plant availability, but it easier to achieve because the nutrients are already inside
the soil. This technique might be a promising alternative to large-scale tillage in dry
farming regions with an increasing portion of row crops in the crop rotation. Further
targets are cost reduction in the operation and stabilisation or even increase in yields.

27.6 Strip-till for Growing Row Crops—Chances
to Increase Effectivity

Field tests have been conducted on the topic of strip-till as part of the KULUNDA
project8 since 2012. The test business partner in Poluyamki, Altai Krai (RF),
had already started pretests with its own approach during the season of 2011/12
(Fig. 27.12).

A conventional wide wing cultivator intended for deep large-scale tillage was
modified. The wing share was cut so that the tillage was limited to the share arm and
its 3-cm-long wings and only a small strip was tilled.

The short guidance wings provide the necessary grip to pull the machinery to the
right tillage depth in the soil. That helps with keeping the weight of the construction
as low as possible. The first prototype of a strip-till cultivator was delivered by the
Amazonenwerke in 2012. The tools were still quite simple. The loosening share

8Joint research project funded by Germany’s Federal Ministry of Education and Research (Bun-
desministerium für Bildung und Forschung—BMBF) to increase the sustainability of land man-
agement in the agricultural steppes in Western Siberia. Project period from 2011 to 2016 (www.
kulunda.eu).

http://www.kulunda.eu
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Fig. 27.12 Tine of a cultivator for large-scale deep tillage, now modified for strip-till after harvest
(photographs Kozhanov 2011)

Fig. 27.13 First prototype of a strip-till cultivator by the Amazonenwerke—the tilled surface was
still very rough because the cultivator was not equipped with tools top crumble the soil clods
(photographs Kozhanov 2012)

was followed by covering discs and a wheel for reconsolidation. The tilled surface
was quite rough, and the reconsolidation of the tilled strip was insufficient. That
lowered the work rates of the precision planter which is directed on the tilled furrows
(Fig. 27.13).

Testing was continued with a machine ready to go in production in 2013, and
tillage tests were initialised. A coulter blade is installed before the tine share. It cuts
into the soil and takes off the tension. The soil now moves easier around the share.

Additionally, the danger of clogging is minimised by cutting the harvest residue.
The covering discs push a large portion of the soil back to the furrow where it is
neatly reconsolidated forming a ridge.

The ridge is important when tilling in fall. Soil sags due to the snowmelt. The
ridge prevents that it sags too deeply which would impede seed placement.

Fertiliser application at tillage depth is possible with this system, too. All tools are
individually adjustable, and the adaption to local conditions and soils is very easy.
The furrow formation is very precise (Fig. 27.14).
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Fig. 27.14 Strip-till cultivator with several tools for optimal loosening, fertiliser incorporation, and
reconsolidation of the soil (courtesy of Amazonenwerke 2013)

Fig. 27.15 Precisely defined, well reconsolidated and even rows achieved by the combination of
several tools and their correct adjustment. Left: tillage of fallow, right: tillage after summer wheat
(photographs Grunwald 2014)

A good reconsolidation is important during tillage in spring. The connection to
the capillary fringe must be made because of the quick prevailing dryness. Recon-
solidation is not that important when tilling in fall.

Soil sags in the furrow because of frost tilth and meltwater infiltration during
snowmelt. In both cases, the neat return of the soil to the furrow is important. If dis-
persed soil is insufficiently returned, a dent forms in the furrow area. Soil dispersed to
left and right of the row results in an erratic track and poor depth guidance of the later
running seeder share affecting placement quality and seed emergence (Fig. 27.15).
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Fig. 27.16 KPSH9—Large-scale cultivator for medium depth tillage and seedbed preparation,
three-rowed, heart or wing shares, here displayed with pusher blade, heart shares and tandem cage
roller for a fine seedbed preparation (http://agromehanika.ru/ proizvodstvoKPSH.htm, 12.02.2017)

27.7 The Strip-till Tests of the KULUNDA Project
in 2013/2014

Tests were conducted using the strip-till cultivator of the Amazonenwerke GmbH &
Co. KG in the test business partner of the joint research project KULUNDA in 2013
and 2014. Goal was to try strip-till in row cropping systems. Tests were established
for growing sunflowers (Helianthus annuus L.). Soils were tilled after harvest in
fall of the previous year. Tillage depth was changed on several different test lots for
strip-till variations. Loosening was conducted, and fertiliser was incorporated at the
following depths: 16–18, 20–22, 26–28 and 32–34 cm. Two conventional cultivation
methods were used for comparison. The first was large-scale tillage with a three-
rowed cultivator with heart shares at 16–18 cm depth (see Fig. 27.16). The soil
surface is pried open, and the topsoil is thoroughly mixed. The second conventional
method cuts the entire soil surface open to a depth of 20–22 cm. The soil is lifted
and cut because the distance between the share arms of the cultivator is 1 m, and
the share blades have a wide but very flat orientation towards the soil. But the large-
scale breakup of the topsoil is avoided (machinery see Fig. 27.17). To compare with
extensive cultivation methods, one test lot was tilled only 8 cm deep by using a
compact disc harrow, and another test lot was established as a direct seeding test lot.
Here, no cultivation method was used except for opening the soil for seed placement.

Furthermore, different fertiliser amounts were applied to the strip-till test lots. For
each tillage depth, fertiliser amounts of 50, 100, and 150 kg/ha were placed at tillage
depth. AMMOFOS—10 to 12% N and 52% P based on monoammonium phosphate
(NH4H2PO4) were used as fertiliser.

Fertiliser was applied during strip-tilling in fall. As described earlier, almost no
nutrient leaching is expected because of the hard frosts in winter and the immobility
of the phosphates. This fertiliser band at tillage depth is the depot for the crop to be
seeded in the next spring.

http://agromehanika.ru/
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Fig. 27.17 PG 3-5—deep, large-scale cutting cultivator—mechanical erosion prevention andweed
control (photograph Grunwald 2013)

The Turkish sunflower cultivar ‘Armada’ was sown with 55 000 seeds/ha during
the first week of May in both years. Before sowing, pre-emergence spraying of
glyphosate (2 l/ha per 100 l/ha tank mix) was conducted. The crop protection method
was not diversified in relation to the intensity of the cultivation method.

Crop protection measures against insects, crop diseases and further self-set plants
from previous crops were applied as usually and in the same way on all test lots
during the vegetation period.

The goal of this test was to determine which fertiliser amount results in the highest
yield under the given local and weather conditions during the growth period. Another
target was to find the optimal tillage depth with regard to the required drawbar power
and resulting crop yield.

The tests assume that an optimal strip-till depth exists up to which it is advisable to
loosen the soil and place the fertiliser. Crucial for this assumption is the high deficit
of water. Below a certain depth, the fertiliser band is probably not accessible in time
by the crop’s young root system. The result would be financial loss due to excessive
fuel consumption and inefficiently applied fertiliser. The test lot’s location was not
a fixed one on the business’s area plan. The location changed on the area plan with
the normal rotation of the crop.

The strip-till test lots were located opposite the conventionally cultivated lots and
the lots under minimal cultivation and direct seeding.9

A depot fertilisation was inapplicable for the not-strip-till lots.

9Minimal tillage and direct seeding will be combined to the term min-till when mentioned at the
same time.
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Fig. 27.18 Precision air seeder EDX-9000TC (photograph Grunwald 2012)

The yield difference between conventional tillage methods, min-till methods and
strip-till had to be analysed regarding investment costs if the land management
method would be changed. The conversion to strip-till requires the indispensable
investment in new machinery. This investment must pay off for business. For busi-
ness management, economic factors are much stronger arguments than ecological
considerations.

Running costs of machinery usage were investigated by a test to evaluate the
drawbar power requirements. The drawbar power was described as a function of fuel
consumption depending on tillage depth and driving speed and was online evalu-
ated.10 Fuel consumption data were read out from the tractor and recorded. The four
tillage depths are described above. The speed was between 4.9 and 8 km/h.

All lots were sown in eight rows with 70 cm row distance using a precision air
seeder of the Amazonenwerke (see Fig. 27.18). Fertiliser of the brand Selitra,11

120 kg/ha, was incorporated together with the seed on all lots. The fertiliser was
placed in a band in 5 cm distance to and 5 cm below the seed via a fertiliser coulter
disc running before the sowing coulter disc.

This initial dose provides the young seedling with easily available ammonium
nitrate nitrogen during the first weeks.

The conventional combines of the farm were used for harvesting.
A corn header with a width of 12 rows and core threshing (9 m width) were used

for sunflower harvest.

10The measurement was done and data logged directly during the ride.
1134.6% N—NH4NO3.
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27.8 Weather Conditions in Spring and Early Summer
of 2013/2014

The precipitation in May 2013 was twice as high as the average precipitation in
the region between 1999 and 2008.12 Heavy rains occurred especially during the
first 20 days of May 2013. The temperature sum of May 2013 was also promoting
crop growth. But June was very dry with a rainfall total of 11.5 mm. The average is
52.8 mm. Furthermore, day temperatures were high in June 2013. In spring 2014,
day and night temperatures were low for a long time. Beside the growth-inhibiting
temperatures, the precipitation was also less than in 2013. The measured amount of
34 mm at the station Klyuchi was only 10 mm more than the average precipitation,
and the rain fell during the last ten days in May 2014. With a rainfall total of only
7 mm, June 2014 was even drier than the previous June.

27.9 Results

Theyieldswere the lowest on the test lots underminimal soil cultivationwith compact
disc harrow and direct seeding in comparison to the methods of intensive loosening
by strip-till and large-scale tillage.

As described earlier, reducing the tillage in row cropping often results at first in
worse yields.

This becomes especially clear when converting from intensive to minimal soil
cultivation methods within one year. Some farmers report a successful growth of
sugar beets, corn and sunflowers with direct seeding inWestern Siberia and northern
Kazakhstan. But it requires a multi-year conversion period during which the yields
decrease at first until the nutrient availability is stabilised on a high level (Dinkins
et al. 2008). But the changed requirements of crop protection due to the changed
tillage intensity are the most important factors. Competition by weeds and self-set
plants of the previous crop was the highest on the test lots of low or no-tillage which
lead to the worst yields. The average yield did not differ between low tillage with
compact disc harrow and no-tillage with direct seeding. Even the yield differences
for each single year were not higher than system inherent factors and, therefore,
negligible.

The highest yield was produced on the test lot which was completely tilled and
mixed between 16 and 18 cm deep using the wing share cultivator in 2014. A sun-
flower yield of 29.5 dt/ha was harvested. Unfortunately, this lot was not harvested
in 2013 because of bad weather conditions and low trafficability at harvest time.
That is the reason why the result of this tillage method is missing in the diagram
in Fig. 27.19. Nevertheless, it will be discussed in the following. Cool weather and
adverse precipitation were unfavourable initial conditions for all cultivation methods

12Station Klyuchi—Altai Krai (Russia).
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Fig. 27.19 Results of the strip-till tests with sunflowers in Poluyamki. Average yield of the sun-
flower harvests in 2013 and 2014 depending on cultivation method and applied amount of granular
phospho-nitrogen fertiliser (Ammofos) (Kozhanov 2014, unpublished data)

in 2014. The large-scale loosening at medium depth had some advantages for a good
crop establishment. Soil warming was better than on minimal tilled or direct seeding
lots because of the intensive soil surface tillage. Soil warming was hindered, too on
areas with large-scale deep loosening but without soil breakup because of the higher
amounts of plant residue from the previous harvest. Large-scale tillage reduces the
competition by weeds and self-set plants. The conditions for the crop are much better
especially during the initial time of plant growth than on test lots with less intensive
cultivation. The average yield of the test lot with deep loosening at 20–22 cmwithout
soil breakup was the second-best result. Good loosening promotes root development.

Cutting 20 cm deep ensures good weed prevention. The root systems of perennial
weeds are cut by the knives. Also, the capillary connection between top and bottom
soil is severed by the cutting which prevents loss of soil water due to capillary rise
to the soil surface and evaporation. This method by A.A. Malzev13 is even today an
effective measure used in many systems (Baraev 2008).

The need of a high drawbar power at a small work width and the risk of soil
compaction (because the first 20 cm are very loose and become very compressed by
the machinery) are the disadvantages of this soil cultivation method.

The yields of the different strip-till variations did not meet the yield of the large-
scale tillage despite fertiliser application. The cultivation method on the respective
test lots was very suddenly changed to strip-till from one year to the next. The lower
yield is the result of the drastic minimisation of the tillage intensity. The inter-row

13Pioneer of erosion-mitigating and sustainable landmanagement of the steppe in the Tselina region
in Western Siberia and northern Kazakhstan during the 1960s and 1970s.
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space was left undisturbed, and thereby, the competition by weeds and self-set plants
increased. Intensity variations of this tillage system have not been tested further. It
would have been possible, for example, to till the entire lot at a low depth before
sowing. Hoeing of the inter-row space would have been another possibility, one that
can be easily combined with the deep strip-tilling of the rows.

In case of a real conversion to strip-till in row cropping systems, this kind of addi-
tional cultivationmethod should be applied—at least during the transition period—as
a measure to control weeds and prevent higher yield losses.

Regarding the tillage depth, the yields were comparable. Only the average yield
of the lot with the lowest tillage depth was a couple of decitons per hectare higher.
Yield increasedwith the increased amount of applied fertiliser regardless of the tillage
depth. The tillage depth of 18 cm also had a positive effect on the yield in comparison
with the other, greater tillage depths. Availability and usage efficiency seemed best
at the lowest tillage depth. With regard to the dry weather in June of both years, the
quick access to the nutrient depot for the plants helped their stable development. No
root profile evaluation was conducted, but a faster development of the root system
due to the larger accessible nutrient supply is possible. The attractiveness of a well-
placed nutrient depot by strip-till has been repeatedly documented (TopAgrar 2011;
Hermann et al. 2012; LLG-Sachsen-Anhalt 2017).

Deeper tillage resulted in a deeper placement of the fertiliser. Thereby, its attrac-
tiveness for the plant roots might have been decreased. This might be a reason for
the lower yields of the strip-till lots with greater tillage depths in comparison with
the strip-till lot with the lowest tillage depth.

Adapting the tine and the fertiliser supply line for a more dispersed fertiliser
placement might help improve the yield results. Also, a divided fertiliser placement
in an upper and a lower depot together with a deep loosening might be successful. A
quick nutrient supply would be achieved which would result in a higher water usage
efficiency.

The deep loosening and another deeper placed nutrient depot would facilitate
strong vertical root growth and a sufficient nutrient supply during the growing season.
Large fertiliser amounts would be used more efficiently (Raven et al. 2004).

The second-best yield results by strip-till methods were achieved on the test lots
with the highest fertiliser amounts and the largest tillage depth. The root system could
access the nutrient depot quite late due to the deep tillage and, therefore, deeper
fertiliser placement. But the good nutrient supply during the rest of the growing
season promoted the crop development.

The potential yield is set during bloom between July and August (Borodin et al.
2011; Riyabzev et al. 2012).Moisture stress during bloommust be prevented because
it results in high yield losses (Rauf 2008). Fortunately, precipitation is usually higher
during this time (Charlamova 2013).

Thereby, the good nutrient supply might have had a direct positive effect on the
yield and helped indirectly because of the increased water usage efficiency of the
well-developing crop during bloom.

Although the annual yields are not displayed in the diagram in Fig. 27.20, the
differences between the yields in 2013 and 2014 will be discussed in the following.
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Fig. 27.20 Large-scale and deep cutting without large-scale surface breakup after harvest. Proven
method for erosion prevention and weed control according to A.A. Malzev (photograph Grunwald
2013)

All lots without large-scale tillage had 50% less yield in 2014 compared to the
previous year. Beside weather and the advantages for the soil’s thermal budget by
large-scale tillage, the much better weed prevention by this method is crucial for this
result.

Chemical weed prevention was the same on all lots. Glyphosate was applied dur-
ing pre-emergence. Already emerging weeds and self-set plants were killed before
the crop will be sown and emerged. The soil of the lots where large-scale tillage was
applied in fall warms up faster in spring. Weeds and residue seeds of last year’s har-
vest germinate quicker. The density of plants which can be wetted by the glyphosate
application is higher because of the better germination conditions. Thus, the effi-
ciency of glyphosate application is higher on large-scale tilled lots than on strip-till,
minimal or no-till lots. The additional application of soil herbicides could help to
improve weed control on strip-till and min-till lots. Due to its long-term effect, even
beyond the sowing time, the emergence of weed seeds is prevented. In the test busi-
ness partner, soil herbicides are usually applied by a self-propelled field sprayer and
immediately placed 8 cm deep into the soil by the following disc harrow. The herbi-
cide mixes with the soil water and is activated. This method has been proven to be
successful especially regarding recurring droughts in spring. It is an expensive and
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Fig. 27.21 Undisturbed space between tilled rows (photograph Grunwald 2014)

time-consuming method only used for sunflower cropping where high yields and
profits are expected. This measure was not applied for the extensive strip-till because
the inter-row space was intentionally left undisturbed to prevent wind erosion. But
the application of soil herbicides is possible, too in strip-till systems without large-
scale low tillage to keep inter-row space weed-free. One idea is to combine sowing
and the application of soil herbicides. The extra ride for weed control would become
obsolete. The exact application of the herbicide in the inter-row space would be very
important (Fig. 27.21).

Fuel consumption increases if tillage depth is increased. But the rise is nonlinear
(see Fig. 27.22). The lowest tillage depth required the least amount of fuel irrespective
of the speed. While fuel consumption increased between 17 and 59% (depending on
driving speed) from the lowest to the second-lowest tillage depth, the differences
were less remarkable between the lowest and greater tillage depths.

The used tractor type and the geometry of the share influenced these results the
most.As shown in the diagram, fuel consumption decreased at first evenwhile driving
speed increased. Fuel consumption is minimal at the tractor engine’s load optimum
and torque maximum. Depending on different work widths and different surface
resistance, the load optimum is reached at different driving speeds.
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Fig. 27.22 Strip-till fuel consumption reflecting the required drawbar power depending on tillage
depth and driving speed (Kozhanov 2014, unpublished data)

The diagram shows also that more power reserve is available at low tillage depth,
and thereby, the driving speed must be higher to achieve the tractor engine’s load
optimum and minimal fuel consumption.

The share’s geometry is the reason that much more drawbar power is required at
greater tillage depth. The specific resistance of the share is determined by its area in
the soil and the soil flow behaviour around the share. Apparently, the resistance is
quite similar for the three greater tillage depths.

According to these results, the lowest tillage depth is also the better choice regard-
ing the measurable economic factor fuel consumption in comparison to the tested
greater tillage depths.

27.10 Summary

During the two-year test at the location Poluyamki, it was not possible to clarify
if strip-till is an acceptable alternative to large-scale tillage for sunflower cropping.
Other research results showed a preventive effect regarding erosion and soil degra-
dation (Reeder 2009) for strip-till and similar crop yields to large-scale tillage not
only for sunflower cropping (Nowatzki et al. 2008). The crop yield was higher for
strip-till than for direct seeding or the large-scale low tillage with the disc harrow
in fall. Although the crop yield was less for strip-till than for complete deep conser-
vative tillage, the contribution margin might be higher due to the lower costs of the
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method. Financial evaluations of other field tests regarding a reduction in cultivation
intensity at the same location resulted in these conclusions. But for highly profitable
crops like sunflowers, close attention must be paid to grain quality to prevent great
losses.

Under the given soil andweather conditions, strip-till at 18 cm depth together with
high fertiliser amount of 150 kg/ha AMMOFOSwas themost effective and profitable
strip-till method. This result can be used for further adoptions of the strip-till system.

Using the same drawbar power, a deeper loosening, which promotes the root
development, is possible in strip-till systems than in large-scale tillage systems.
Competition by weeds and self-set plants can be controlled by the application of soil
herbicides. Regarding crop rotation, the previous crop before the row crop should
be one that is ripe early. The remaining vegetation period in fall can be used for
weed prevention. Intensive harrowing provokes the emergence of residual grains
from harvest and weeds. These can be controlled well by applying chemical plant
protection.

A conversion to strip-till requires investment in modern strip-till cultivators. The
order of the tools is very important to achieve satisfying and adequate results. Further
investments in fertiliser and a more intensive weed management system are required
if these measures were not used yet on a farm. The total costs are quite high and must
be refinanced by the crop’s yield profit. Especially during the conversion phase and
the involved extensification of the soil cultivation, greater competition by weeds and
self-set plants are expected. This requires timely and effective countermeasures. If
soil herbicides or measures for selective weed control are not available, mechanical
hoeing of the inter-row space should be applied. To prevent great losses and, thereby,
risk the conversion to strip-till, this measure is legit and justifiable even with respect
to soil ecology.
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Chapter 28
Improving Efficiency of Crop Protection
Measures. A Technical Contribution
for Better Weed Control, Less Pesticide
Use and Decreasing Soil Tillage Intensity
in Dry Farming Regions Exposed
to Wind Erosion

L.-C. Grunwald, V. I. Belyaev and T. Meinel

Abstract The extensification of tillage in farming the steppe regions of the earth
with the goal of reducing erosion and maintaining soil fertility has been leading to
a more intensive use of chemical plant protection products for a while now. Field
hygiene and stable yields have been achieved as a result of this method to date.
However, the excessive application of herbicides leads to an increase in resistance
among weeds and higher expenses. The application of glyphosate as an effective and
inexpensive general herbicide is very common in the agricultural steppes of America,
Eurasia and Australia. However, its use is limited to short periods before seeding and
after harvesting due to climate conditions in these areas. An application to the entire
soil surface is effective but also very cost intensive against the background of the
vast farm lands in these regions. A selective use and targeted application to weeds
without coating free soil surface areas saves product and time while reducing the
dangers of resistances in the agricultural ecosystem. A technical method of optical
selection between weeds which need to be sprayed and areas which do not need to
be treated was developed over several years as a part of Kulunda research project.
The strong decrease in the overall amount of the applied herbicide results in greater
productivity due to a reduction of filling downtimes and higher driving speeds in the
field. The money saved is reinvested in better agents and higher concentrations. This
promisesmore treatment success and lower resistance development. Chemical fallow
periods therefore represent an effective tool instead of mechanical black fallow in the
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summer, even without extensive application of chemical agents to the soil, making
them an adequate means to fight soil erosion and water loss.

Keywords Reducing erosion · Chemical plant protection · Resistance · Selective
application · Increasing efficiency

28.1 Tillage Practices and Chemical Crop
Protection—An Interdependency

“Water retention, mitigation of soil degradation, humus accumulation, weed control,
yield stabilization and increase”—these are the buzzwords in discussions about crop
farming in the world’s dry regions (Mathews and Cole 1938; Baraev 1967; Frühauf
et al. 2004; Lafond et al. 2006; Lindwall and Sonntag 2010). The goal is an increase
of efficiency and sustainability of cultivation methods.

The use of conservation tillage practices proved to be a keymeasure (with varying
progress regarding time and topic) in the dry farming regions all over the world to
meet above described targets (Derpsch et al. 2010). Soil degradation by erosion and
humus decomposition as well as a yield-limiting soil water deficit and loss by evap-
oration can be minimized by reducing tillage (McConnkey et al. 2003; Suleimenov
et al. 2012). But reduced tillage results in a shortage of available plant nutrients due to
decreased mineralization and release of nutrients by microorganisms (Doran 1980;
Dinkins and McVay 2008). Applying additional fertilizers and including nutrient
collecting and fixing crops like legumes in the crop rotation can compensate nutri-
ent deficiencies. Active fertilization accelerates and stabilizes the transition from
intensive crop farming to a stable conservation tillage system (Johnston 2002).

Weed management is another important factor of conservation tillage practices to
consider. Repeated tilling efficiently inhibits weed growth which provides improved
conditions for crop growth due to minimized weed competition. But if tillage is
reduced, weed competition significantly increases if no other measures of weed
control are applied (Derksen et al. 1993; Blackshaw et al. 1994; Friedrich 2005).

A review of the development of soil management practices in the industrialized
agrarian steppes over the course of the last three decades reveals that reducing the
tillage resulted in an increased use of herbicides. Figure 28.1 illustrates the increased
application of herbicides in Canada. Especially, the use of total herbicides increased.
Since its first commercial introduction in the 1970s, glyphosate is now appliedworld-
wide. It has become THE dominant herbicide, and it is the most important total
herbicide worldwide (Duke and Powles 2008).

Since the successful genetical modification of crops to be glyphosate resistant,
the usage of glyphosate increased even more and is currently in the USA 15 times
higher than before 1996—“Two-thirds of the total volume of glyphosate applied in
the U.S. from 1974 to 2014 have been sprayed in just the last 10 years” (Benbrook
2016, Abstract-Results).
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Fig. 28.1 Herbicide use in Canada between 1990 and 2012 and relative change in applied amount
in comparison with the previous year. Source FAO (2017)

28.2 Glyphosate—An Important Factor in Conservation
Tillage Systems

Total herbicides are effective measures of chemical weed management. Weeds and
seedlings from previously planted crop1 are killed by the application. Because of
their non-selective effect, total herbicides are usually not used on sown arable crop
(Duke and Powles 2008). Therefore, their application time is limited to the period
between previous crop harvest and next crop sowing. Total herbicide application
is in comparison with selective herbicides, which target only certain plant species,
inexpensive and quick.

The goal of (total) herbicide application is to reduce the competition of weeds
with crop. Inmulch seeding and direct seeding systems, the application of glyphosate
is on par with the mechanical treatment of newly germinating weeds and self-set
plants. The application is discussed controversially. Glyphosate usage is often the
only effective measure to control weeds in direct seeding systems. Glyphosate is
traditionally applied by a field sprayer of a defined boom width and is blanket-like
dispensed by nozzles installed on the sprayer boom while the sprayer moves across
the field. The herbicide concentration in the tank mix is usually regulated by mixing
the chemicals with the respective amount of water in the field sprayer. The output is
variable and can be adjusted via the sprayer. In modern field sprayers, the dosage is
electronically monitored and adjusted depending on the sprayer’s speed.

Glyphosate2 is an importantmeasure ofweed control on large-scale fields in agrar-
ian steppe regions which are especially susceptible to erosion by wind and water.

1Self-set plants from residue grains from previous harvest threshing.
2A widely used active ingredient of total herbicides.
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Agricultural businesses often cultivate thousands of hectares in cooperation, andmost
of the land must be tilled within a short time when the weather is favourable. Weeds
can be effectively and inexpensively controlled by tillage. Negative consequences of
inadequate tillage management are known and were previously outlined. Glyphosate
application is therefore an important factor to increase monetary efficiency and con-
serve soils.

The Eurasian steppe region of western Siberia and northern Kazakhstan is char-
acterized by a continental climate with harsh winters and short vegetation periods
(Lydolph 1990; Müller et al. 2016). That is why until today summer crops are mostly
cultivated (Grunwald et al. 2016). The period between frost end and sowing of sum-
mer crop is short. Weeds and crops germinate almost at the same time which means a
strong crop—weed competition. By a high work rate and efficiency of weed control,
the competition should be minimized and the time of sowing optimized because it is
delayed as much as possible. The goal is an almost complete germination of seeds of
weeds and self-set plants of previous crops and their subsequent treatment. Intensive
tillage is the method of weed control in conventional systems, but the application of
total herbicides is the weed control practice in systems of reduced tillage and direct
seeding systems.

The population density of self-set plants and weeds is usually low at the time of
sowing [Fig. 28.2]. Different weeds species germinate at different times. Seed ger-
mination is stimulated by rising soil temperature and light, and therefore, different
species germinate and grow only at certain times with the right conditions during
spring. Common millet (Panicum miliaceum) and self-set plants from previous crop
(Triticum aestivum/Hordeum vulgare/Avena nuda, etc.) are often the first problem
species on the fields. The weather is often still cool, and germination is inhibited.
When the weather becomes more favourable, seeds of weeds and self-set plants
quickly start to sprout. However, the seeds of the current crop need to be sown now
as well. Time constraints are increased by using sowing and weed control technolo-
gies (tillage equipment and field sprayers) of limited surface coverage.3 Thus, it is
only possible to till and sow the large fields on time under great time pressure. The
population density of weeds and self-set plants of previous crops is also low after
harvest. The soil is usually dry; the crop’s shadow suppresses weeds until threshing.
Seeds of weeds and residue grains from the harvested crop germinate only slowly in
the dry conditions. Usually, the period between harvest and the beginning of winter
is only short in the continental regions, and only part of the seeds can germinate.

Although the blanket application of total herbicides is very effective and inex-
pensive in comparison with selective ingredients, the efficiency rate is very low as
measured by the wetted leaf area in comparison with the traversed total area. Here,
possibilities of saving and efficiency improvement exist.

In Canada, modified versions of the herbicide Glyphosate are also allowed for the
application on genetically modified, glyphosate resistant crop due to different laws

3Surface coverage is determined by speed and width of the machine. Tillage equipment is always
smaller than field sprayers because it requires a higher tractive force. 12 m tillage at a depth of
6 cm—ca 350–450 PS, 24 m field sprayer at 12 km h−1—ca 150–200 PS.
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Fig. 28.2 Low weed population density at the time of sowing at the end of May 2015 Smolenskii
Raion—Altaiskii Krai. Photo Grunwald (2015)

in comparison with Russia and Kazakhstan (Uhlmann 2003; Deter 2016). Climatic
conditions of Canada’s prairie regions are similar to the weather in the Eurasian
Steppe regions. GMOs4 are cultivated almost everywhere in Canada’s prairies to
increase yields and reduce costs (Baylis 2000; Buiatti et al. 2013). Due to genetic
modification, the resistance of crops against certain ingredients of total herbicides
permits total herbicide application even after the sprout of the seeds. Thus, work
peaks are significantly lowered, and duty cycles are more separated in the operating
schedule. Due to limited staff in predominantly family-run large-scale farms, each
hour counts during peak time. Plant-available water is limited in Canadian steppes,
and tillage is expensive.

Effective and inexpensive plant protection is also of central importance in land
management practices in Eurasian regions and Australian steppes. Farms, especially
in western Australia, are on average twice as large as in the prairie of Saskatchewan,
a Canadian province (Land Commodities 2017; Statistics Canada 2016),5 and the
staff is limited as well. Potential evaporation is significantly higher because of higher
solar radiation which makes plant-available water a yield-limiting factor. Chemical
weed control is the usual measure of plant protection. Tillage systems have often
been changed to direct seeding systems to conserve soils and improve profitability. In
Australia, the blanket application of total herbicides is the most important measure of
weed control especially in no-till or minimal tillage systems. But due to an often very
low population density of weeds and self-set plants, blanket application is usually
very inefficient as measured by the actual glyphosate-wetted leaf area.

4GMO—genetically modified organism.
5Western Australia—average farm size was 1.200 ha; Saskatchewan, Canada—average farm size
was 675 ha in 2011.
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28.3 Regular Application of Total Herbicides—New
Challenges

The regular entry of glyphosate into the soil–soil water–plant–system has been con-
troversially discussed for quite some time now. Glyphosate and its metabolites are
suspected to cause cancer by handling glyphosate or consuming food previously in
contact with glyphosate although the German Federal Institute for Risk Assessment6

(BfR) classified glyphosate as non-carcinogen in its communication of March 23,
2015 (BfR 2015). Another concern is a possible glyphosate accumulation in breast
milk in toxic levels and, thus, glyphosate being fed to infants. Similarities to the
problematic distribution of the herbicide DDT in the 1960s are obvious. For the
same reasons, a ban of glyphosate—the most used ingredient in total herbicides—is
intensively discussed in Europe. But the latter suspicion could not be confirmed by
the BfR (BfR 2016).

Glyphosate application is disputed not only in Europe. The constantly increasing
application rate, especially in the context of a negative water balance, must be viewed
critically in the dry farming steppe regions of North America, Australia and Eurasia.

The accumulation of herbicide deposits in soils is currently insufficiently
researched. Due to dry conditions in summer and low annual precipitation, verti-
cal water movement is limited to the upper soil layer to a maximal depth of 2 m
in most regions. Dilution and leaching only rarely occur (Stephan, unpub.). Hence,
herbicides are only mobile in soil solution in the upper layers of soils. Research find-
ings show a relation between benthos7 activity, a crop’s root growth and its disease
resistance. A connection is considered between excessive glyphosate use, weakened
resistance as well as inhibited root growth of crops. The former would mean a crop’s
higher susceptibility to diseases. The latter leads to increased water stress especially
in dry agricultural regions (Johal and Huber 2009; Fernandez et al. 2009; Bott 2010).

Glyphosate resistance in weeds is on the rise. This problem is currently known
to exist in agricultural systems in North and South America and Australia with a
high percentage of GMO and an intensive long-term usage of total herbicides, and
it is becoming increasingly urgent (Powles et al. 1998). Controlling self-set plants
from previous crop is difficult in these regions, too, due to their glyphosate resistance
(Fig. 28.3). The genetic modification of crops to be glyphosate resistant leads to the
usage of enormous glyphosate amounts. Due to simplified and effective weed con-
trol, crop rotation is very close and sometimes with only one or two crops in rotation.
Soy and corn serve mostly as cattle feed and are cheaply produced in over-optimized
farming systems. The regular glyphosate application increased enormously the genet-
ical glyphosate resistance of weeds which can often be controlled only by expensive
special treatments (Beckie 2011). Glyphosate resistance is on the rise even in Europe,
and resistant weeds become more widely distributed—like Blackgrass (Alopecurus
myosuroides Huds) in minimal tillage systems. Even crops unintentionally develop

6Bundesinstitut für Risikobewertung BfR.
7Especially microbenthos.
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Fig. 28.3 Self-set plants of previously planted GMO corn in a field of GMO soy—Glyphosate
resistance hinder the control of self-set plants, Region Sioux City Illinois USA. Photo Grunwald
(2016)

glyphosate resistance which is the result of glyphosate overuse in very close crop
rotations without any alternative methods (Powles 2008).

Herbicide application is still in its infancy in the large agricultural regions in
Siberia and Kazakhstan in comparison with Europe, Australia and America. But the
applied annual amounts are on the rise. Yields are currently low and very dependent
on the annually varying weather conditions. The economic situation of the countries
and varying global crop prices force farms to work under tight financial conditions.
To minimize downtime for filling and reduce application costs, tank mixes are often
too diluted. Drivers of the field sprayers receive very lowwages which often compels
them to receiving stolen goods.

Low concentrations are very counterproductive in the medium term. Treatment
with too low herbicide doses results in plant selection. Larger, vital plants usually
survive the treatment which drastically increases the possibility of gene mutations
and the development of herbicide resistance in the weeds.

28.4 Technical Possibilities for Efficiency Improvement
of Total Herbicide Application

As previously described, the population density of weeds and self-set plants is very
low at the time of the total herbicide treatment. The chance to wet all plants—no
matter what size or stage of development—is very high with a blanket application.
But the efficiency as measured by the actual traversed area is very low due to the low
weed population density. Hence, a lot of money, the immediate efficiency indicator,
is wasted in agricultural systems. The goal, however, should be the highest temporal
and spatial precision of herbicide application. Technical solutions have been tested in
different parts of the world and agricultural systems for a couple of years. New tech-
nologies like photo sensors and high performance, mobile control systems become
useful for enhancing field sprayers, too (Fig. 28.4).
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Fig. 28.4 Low weed population density and large-scale total herbicide application before crop is
emerging result in high herbicide losses. Photo Meinel (2015)

Spot spraying is a new innovative technology to apply herbicides exactly on a
plant’s leaf. The selective control of the nozzles helps to cut down the amount of
active ingredient as measured by the traversed area. The amount applied on the area
is drastically reduced. Time lost due to standstills like refilling stops is reduced.
Therefore, the area treated during the same number of working hours increases.
Treatment timing improves despite the larger fields because of faster treatment at
optimal times. However, there is still space for improving the application efficiency.

The application during night and early morning is much more favourable because
of higher humidity above the soil and lower wind speed (Adkins et al. 1998). The
wetting of the leaf surface is more even. Droplet roll-off is reduced by a lower
surface tension due to the higher humidity and less dust. Less wind means less
drift and better wetting (Elliot and Wilson 1983). The field sprayer’s boom can
be operated at greater height above the crop which helps to prevent damages on
machinery and plants. Savings by using less herbicides can be reinvested in more
expensive herbicides and in a higher ingredient concentration in the tank mix. The
danger of developing herbicide resistance can be minimized by the usage of higher
herbicide doses available by the reduced herbicide amount per area.

Investments in these technologies may help businesses to change to erosion miti-
gating, water saving and yield stabilizing tillage systems more quickly and with less
financial risks (Fig. 28.5).

The technology has been used commercially especially in dry farming regions
(agrarian steppe regions) during the last couple of years. Light detection sensors,
control and sprayer technology were initially installed on rigid, basic booms. Tanks
containing the tank mix and the pump system are linked to the boom which is being
pulled over the field. Advantages of these so-called field gliders are their simplicity
and low costs as well as the smooth operation of the boom across the surface. The
implementation of field gliders and spot spraying in south Australian farming regions
proved to be cost saving. The usual spray rate between 50 and 60 l ha−1 could be
increased to 100 l ha−1 due to the spot spraying’s reduction effect.



28 Improving Efficiency of Crop Protection Measures … 401

Fig. 28.5 Spot spraying
technology installed on a
field sprayer from
Amazonen-Werke, http://go.
amazone.de/agritechnica/
2017/neuheiten/
pflanzenschutztechnik/
anhaengespritze-ux-
amaspot/

Fig. 28.6 Spot spraying
technology—sensor and
nozzle technology installed
on a conventional boom of
field sprayer—work flow
diagram. Source
Amazonen-Werke (2015)

With a spot spraying application, it was possible to treat a 500 ha-area at average
operating speed of 22 km h−1 using a 5000-litre tank, the same application rate of
100 l ha−1 and the same tank mix concentration as for a blanket application. Using
the spot spraying system, the treated area was ten times larger than it would have
been by using a blanket application. Therefore, the application efficiency improved
significantly according to the farmers. The savings of chemical costs were about
85–90% on average with the biggest saving up to 92% (Maitland 2012) (Fig. 28.6).

A pre-emergence blanket spraying of glyphosate and other additiveswith an appli-
cation rate of 1.5 l ha−1 would cost 14.5 AUD. Due to the cost savings with the spot
spraying system, the spray rate of the chemicals was increased to 4.6 l ha−1 on one
particular farm.

http://go.amazone.de/agritechnica/2017/neuheiten/pflanzenschutztechnik/anhaengespritze-ux-amaspot/
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Fig. 28.7 Spot spraying technology on a conventional field sprayer—light sensors active for weed
detection on the test farm PARTNER, Altai Krai 2014, during night work. Photo Grunwald (2014)

The chemical cost per treated hectare would be 18.65 AUD ha−1 for a blanket
application. Using spot spraying instead of blanket spraying for the triple treatment
of the 7.800 ha over the course of one summer (in chemical summer fallow) saves 304
000 AUD (Maitland 2012). These savings were gained by the significant reduction
of applied chemicals at one hectare.

The major technical disadvantage of field gliders is their single purpose of total
herbicide application. For a repeated and diverse crop treatment with herbicides,
fungicides and insecticides, conventional field sprayers for blanket spraying must be
used which means the acquisition and maintenance of two sprayer systems.

The combination of both blanket spraying and spot spraying in one machinery
would drastically improve flexibility and reduce costs at the same time. One field
sprayer would be sufficient. The research network KULUNDA in cooperation with
a German agricultural machinery manufacturer developed and tested such a system
on a test farm in the Altai Region in western Siberia. The spot spraying system
was installed on a modern, conventional field sprayer (Fig. 28.7). The sprayer has an
excellent boom guidance and a speed-dependent control of the application rate which
are the technical requirements for a precise application. The test farm cultivates 27
000 ha land and uses this system for traditional pre-emergence weed control and
for the treatment of chemical summer fallow. Cost savings were up to 80% for the
2014/15 season in comparison with the conventional blanket application. Average
cost savings were about 65%. The speed was between 12 and 15 km h−1 which is
also practicable for blanket application with only nozzle technique for high-speed
runs.8 The spot spraying systemwith its sensor and control technology can be used at
speeds up to 25 km h−1. Speed-dependent precision and wear and tear must be taken
into consideration. Weather (wind, humidity) and surface conditions often limit the
effective application at higher speeds.

8Excursus high-speed double flat fan nozzle.
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28.5 Fallow Management for Intensive Row Crops—Not
Necessarily at the Expense of Soil

The test farm uses 9000 ha of its land for growing sunflowers which are used for
sunflower oil production and especially for consumption. Sunflowers are one of the
most profitable and, therefore, most important crops for this test farm as well as for
many other farms in Siberia and northern Kazakhstan. Sunflowers have high nutrient
requirements. They are grown in 5–7 year rotations because of their nutrient draining
effects on soils (FAO 2009; Tuleuov et al. 2011).

The field is often left fallow the year before sunflowers are grown. The fallow is
often a bare fallow. Respective consequences for the soil and its exposure to wind
and water erosion as well as the high usage of materials for tilling are well known
(Grunwald et al. 2015). Chemical summer fallow is an effective and—regarding soil
conservation—a sustainable alternative. Over the course of five years, agricultural
systems were tested in field experiments on the test farm PARTNER (Kozhanov fam-
ily) in Polujamki. The findings show no yield loss if chemical summer fallow was
applied before summer wheat cultivation in comparison with bare fallow (Grunwald
et al., unpub.). The test farm PARTNER in the Altai Krai could significantly expand
the chemical fallow portion without an excessive herbicide usage and input in the
ecosystem by using spot spraying systems. The portion of bare fallow before sun-
flower growth was reduced by 90% compared to chemical fallow (Kozhanov 2016).
Hereby, the competition for sunflowers was considerably reduced, and the crop yield
could be stabilized. More water is retained in soils due to discontinuation of bare
fallow. Evaporation ismitigated by the shade of dry straw ofweeds and self-set plants
from previous crop. During chemical fallow, organic material is left on the soil sur-
face during the winter months benefiting soil moisture. Snow is kept in straw on the
field and not blown away with the wind. Water from thawing snow can infiltrate the
soil as plant-available water. The absence of tillage reduces humus mineralization
(Fileccia 2009; Grunwald et al. 2015).

Currently, a system prototype runs on-site on a trailed field sprayer. The instal-
lation on self-propelled field sprayers can be recommended, too. Self-propelled
sprayers are faster, more flexible and precise because the boom guidance is much
more accurate due to a better chassis and better leverage from the axes to the boom.
The precision remains high even at high driving speed. Transferring the technology
fromfield tofield canbedonemuchquicker, too.Modern self-propelled sprayers have
very high ground clearance. These sprayers can also be used on tall crops like corn
or sunflowers without damaging the plants. The versatility is much higher than on a
trailed field sprayer. Their axis height is usually less than a metre which makes a pas-
sage through tall crops difficult. Furthermore, some modern self-propelled sprayers
have a hydraulic track width adjustment which allows an accurate adaption to the
crop’s rowwidth. Loss by damages during passage of a field is considerably reduced,
too (Fig. 28.8).

The spot spraying system is focused on the detection of green leaf surface and
therefore not suitable for the application of post-emergence weed control. Due to
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Fig. 28.8 Chemical summer fallow with used spot spraying technology—effective weed control
by minimized material cost—financial and agrarian ecological benefits, test farm PARTNER Altai
Krai. Photo Grunwald (2014)

the enabling technology of single nozzle control, counter steering of wind drift and
localized detection of weed clusters are possible. These applications would further
specialize pre-emergency weed control and make it even more cost efficient. The
system was tested in the research network KULUNDA.9 The technical realization
was achieved by Amazonen-Werke GmbH & Co. KG. This innovation was awarded
with a silver medal by the German Agricultural Society10 at the Agritechnica 2015,
the world’s largest exhibition of agricultural machinery (Amazone 2015).
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Chapter 29
Effects of the Modern Technologies
on the Economic Efficiency of Cropping
Systems

K. Hiller, M. Frühauf, T. Meinel and P. Tillack

Abstract Non-adaptive land use in the Russian dry step generates negative eco-
logical effects and damages arable land. For this reason, research studies have to
show how adaptive cropping systems can help to promote soil fertility and economic
benefit. This paper represents an examination of the economic effects of alternative
cultivation methods which were tested in Southwestern Siberia. For research pur-
poses, a traditional farming system, an expanded conventional system and a direct
seeding systemwere compared to each other, especially the grossmargins per hectare
as well as by year. Overall, the adapted forms produce higher contribution margins
than the conventional system. The main reason for lower contribution margin in the
conventional system is the fallow period in the crop rotation, which produces no
crop yield. Adding field pea and oilseed rape in rotation with the primary cash crop,
wheat, represents an alternative to fallow periods. The reduced intensity of tillage
in the adapted systems also helps to decrease labour and machinery costs by saving
working hours and fuel.
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29.1 Goal

Russia is one of the world’s largest producers of cereals. Particularly, the wide avail-
ability of land and the good quality of the soil represent very favourable conditions for
the cultivation of crops. Moreover, the Soviet Union used to strive for the expansion
of cereal production to rid itself of imports (Merls 2011). For this purpose, several
million hectares of land were transformed into fields inWestern Siberia, among other
places, in the 1950s as part of the virgin land reclamation. The negative ecological
effect resulting from a non-adapted land use is rather apparent in this region.

This paper will examine whether the adaptation of land use systems is econom-
ically justifiable. In addition to protecting soil fertility and nature, the new farming
system must also be financially viable. The competitiveness of the farms and the
social conditions of the population in the area under investigation have to be main-
tained and improved to stop young people frommoving away and prevent the villages
and agriculture from dying out.

The research deals with adaptation measures from various fields of arable farming
and plant production. Innovation in agricultural engineering, the expansion of the
crop rotation, the reduction of tillage intensity as well as the application of crop
protection products and fertilizers are meant to increase yield and ensure sustainable
soil management in the long term.

In this context, the question arises as to what extent these forms of innovations
influence the performance and costs of the farming methods. Within the trial, the
extent of the adaptations is reflected in three farming methods. The traditional one
is compared to two adapted systems.

Previous research papers assessed the economic benefit of land use systemsmainly
by calculating partial costs (Heckmann 2013; Ngwira et al. 2012; Ozpinar 2006;
Sanchez-Giron et al. 2004). This allows for conclusions on the profitability of the
production procedures under the assumption that other conditions within the agri-
cultural enterprise remain unchanged.

29.2 Partial Cost System

The contribution margin calculation, also called partial cost system, is suitable for
assessing farming systems regarding their economic viability and comparing them
as it only examines the profitability of the production process of an agricultural
enterprise and not the economics of the enterprise as a whole. This is also outlined
by Doluschitz et al. (2011). It is mainly about evaluating and comparing costs and
the performance of the production. The variable costs are deducted from the result
as a part of this process.

Various types of costs emerge within an agricultural enterprise which can be
allocated to cost centres in a hierarchical order. A rough distinction is made between
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variable and fixed costs. Whether the costs are fixed or variable depends on how they
react when the production volume changes (Doluschitz et al. 2011; Radke 2009).

The final result of a production process has variable costs which are divided into
direct costs as well as labour and machinery costs. Direct costs are incurred in plant
production for seed, crop protection products and fertilizer. Labour and machinery
costs include wages for seasonal workers, input costs for diesel or oil as well as
maintenance costs (Mußhoff and Hirschauer 2011; Schneeberger and Peyerl 2011).
When examining a production process in a paper like this, the partial cost system
should be used as this trial mainly influences variable costs, not the fixed costs
(Doluschitz et al. 2011).

However, in addition to the variable costs, costs incurred through investment
for the depreciation of a machine, which is required for a certain farming system,
must be considered as well. These write-offs are called product fixed costs and are
incorporated into the partial cost calculation when assessing a production procedure
(Mußhoff and Hirschauer 2011).

29.3 Method

Location

The Kulunda Steppe is located in the Southwestern part of the West Siberian Plain
(Rudaya et al. 2012). The area under investigation is characterized by continental
climate causing extreme variations in temperature throughout the year from −45 to
+35 °C (Meinel and Schmidt 2003; Paramonov et al. 1997). The low annual pre-
cipitation of 250 mm to a maximum of 400 mm mainly occurs during the summer
months (Atlas Altaiskogo kraia 1987). The annual evaporation exceeds the precipi-
tation amounts which lead to this region being classified as semiarid (Meinel 2002).
The main vegetation period is betweenMay and August, limiting the annual biomass
production. Soil life is also negatively impacted by dryness and constant frost during
the winter months. The mineralization rate of organic substances is low (Meinel and
Schmidt 2003).

The predominating soil types are Kastanozems and Chernozems, which are rich
in humus (Schreiner 2014).

Both test farms are located in regions of the Kulunda Steppe with different cli-
mates.

The agricultural enterprise in Komsomolski in the Northeast near Barnaul is sit-
uated in the forest steppe, characterized by high annual precipitation of 400 mm on
average (Bergmann and Frühauf 2011).

The second farm in the municipality of Poluyamki is located in the dry steppe,
which has low precipitation, in the Southwest of the Kulunda Steppe on the Kazakh
border. Over the course of the year, only 250 mm of precipitation are recorded here
(Bergmann and Frühauf 2011).
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29.4 Variations

The farming systems under investigation include a conventional system, which sim-
ulates the traditional farming method in the region under investigation. The second
method is an adapted form of the conventional system (expanded conventional sys-
tem), while the third one is a direct seeding system.

The conventional farming system is characterized by intensive tillage. As part
of the trial, the soil was tilled up to a depth of 35 cm using a subsoiler in the fall
after the harvest. The soil was loosened but not inverted as part of the process. Prior
to seeding, the soil was worked a second time with a tine harrow. A wing-share
seeder was used for seeding in the period from early May to early June. The soil
was loosened yet again at a working depth of 8–15 cm. The seeds are commonly
placed at a depth of 8 cm. This is done to ensure the supply of water required for
germination in low precipitation regions. The seeding rate was 150 kg/ha (summer
wheat). No further measures were taken in the standing crop. A 320-horsepower
articulated tractor was used for tillage and seeding. The harvest was completed in
September using a straw walker combine. The straw remained on the field. Two
crop rotations were used; summer wheat—summer wheat—black fallow as well as
summer wheat—summer wheat—chemical fallow. The black fallow land was also
worked with the subsoiler in the fall as well as one or two times during the vegetation
period with a compact disc harrow. The chemical fallow ground was treated two or
three times with a broadband crop protection product. A 130-horsepower standard
tractor with a trailed field sprayer was used.

The expanded conventional system includes soil tillage with a compact disc har-
row at a depth of 15 cmwith the harvest residues beingworked into the soil. Addition-
ally, this causes volunteer grain to germinate. Seeding is similar to the conventional
system but for the expanded system, calcium ammonium nitrate is placed into the
seed slot together with the seed. The crop rotation was summer wheat—summer
rape—summer wheat—summer peas. For both rape and wheat, 100 kg/ha of fertil-
izer were applied each. For peas, it was 50 kg. The seeding rate was 150 kg/ha for
wheat, 10 kg/ha for rape and 200 kg/ha for peas. For every crop, broadband crop
protection products were applied pre-emergence. During the vegetation period, crop
protection products were applied depending on the occurrence of weeds, pests or
illnesses.

The direct seeding system is characterized by the implementation of ideas from
a conserving tillage system utilized in Canada.

The soil is only influenced by the shares during seeding. Therefore, there is no
further tillage which saves labour and machinery costs. A Condor tine seed drill,
whichwas specially designed by the companyAmazone, was used for direct seeding.
The drill has a working width of 15 m and a working speed of up to 12 km/h. The
amount of seed per hectare is 120 kg for wheat, 180 kg for peas and 4 kg for rape. It
also allows for placing fertilizer along with the seed. The dosage is equal to that from
the expanded conventional system.A trailing packerwheel ensures reconsolidation of
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Performance Yield 

- Direct costs Seed 

Fertilizer 

Crop protection products 

- Labor and machinery costs Wages 

Consumables 

Maintenance 

Product fixed costs 

= Direct costs 

Fig. 29.1 Partial cost calculation

the soil. Crop protection and harvest were the same as for the expanded conventional
system. Wheat, rape and peas are cultivated in a four-part crop rotation.

29.5 Data Collection and Contribution Margin Calculation

The information needed for the contribution margin calculation was mainly gathered
on site from the test farms. This required an examination of the accounting ledgers.
The costs and performance were taken from the annual reports of the agricultural
enterprises. Data which could not be retrieved from the records were requested from
the managers of plant production, also called agronomists, and accounting depart-
ments. The bases of the contribution margin calculation are shown in Fig. 29.1.

To record the performance of an individual farming system, the yield from the plots
was extrapolated per hectare and the sales prices from the test farms were assumed.
Since the farms did not sell every year, the database of the Russian Ministry of
Agriculture had to be used as well (MSKH 2015).

The costs of the individual crops were recorded in the annual reports for summer
cereals, summer rape and legumes. To differentiate the cultures of summer wheat
and field peas from the two supergroups, specific information on these two cultures
had to be requested from the agronomists of the respective test farms.

The direct costs and the labour andmachinery costs for the crop groupswere taken
from the annual reports. The direct costs were listed as seed, fertilizer and crop pro-
tection product costs and determined for the individual crops using the data provided
by the agronomists. The amount of seed and fertilizer depended on the specifications
of the trial for the individual farming systems. Crop protection measures and the
products applied were recorded by the agronomists for every single year. The prices
for crop protection products were also requested from the agronomists, but mainly
taken from the dealers’ price lists.
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Regarding the labour and machinery costs, only the maintenance costs could be
taken from the annual reports.

The work stages differ between the farming systems and different agricultural
machineries and implements were used. To determine the various fuel consumption
and area output of the individual tractor-machine combinations and harvesters, the
respective heads of agricultural engineering were polled. There were benchmarks in
Komsomolski and Pervomaysky which had been recorded by accounting. The diesel
prices per litre were taken from the annual accounts of the administration.

The tractor drivers received fixed salaries depending on the shift when they oper-
ated the tractor. The harvester drivers were paid by performance, i.e. they were paid
by decitonne/shift with the payment by decitonne depending on the number of bunker
fillings per shift.

Finally, the product-related fixed costs in the form of depreciation for agricultural
engineering investment were calculated as well. These investments occurred for the
two adapted farming systems as agricultural engineering was used which had not
previously been available on the farms.

29.6 Trial Set-up and Statistical Evaluation

The statistical evaluation was conducted using the SAS 9.4 (SAS Institute 2015)
software in the MIXED procedure. It was a variance analysis to examine the effects
of the factors and also their combination on the inspected feature. A probability for
error of α = 0.05 was assumed.

In the simplest case, the inspected feature farming system, which is also the main
inspection feature of the trial, is examined. It occurs in three levels—as the conven-
tional, expanded conventional and direct seeding system. In this trial, each variant
was repeated four times. This leads to four blocks on the test facility with three
sections each.

The model of a complete single-factor block design:

y
ij
= μ + αi + wj + eij (i = 1, . . . , a; j = 1, . . . , r)

In addition to the farming systems, the effect of the cultivated crops on the
inspected feature contribution margin can be examined as well. This leads to a
two-factor trial. It must be noted that only the two adapted systems can be compared
as the same crops were cultivated here and the extent of the sub-plots created per
farming system was identical. Four sub-plots were created per farming system. This
corresponds with the four-element crop rotation of wheat–peas–wheat–rape.

The statistical model for a two-factor split design:

y
ijk

= μ + αi + βj + (αβ)ij + wk + eik + eijk

(i = 1, . . . , a; j = 1, . . . , b; k = 1, . . . , r)



29 Effects of the Modern Technologies on the Economic Efficiency … 413

29.7 Results and Discussion

Poluyamki + Komsomolski

The contributionmargins for the farming systems at the Poluyamki site in Fig. 29.2
show that the conventional farming system (3) produces the worst results with an
average of RUB 868.35/ha in both years of the trial. The direct seeding system (1) is
well ahead of the conventional one with an average of RUB 5961.81/ha. However,
the highest result has been achieved by the expanded conventional system (2) with
an average of RUB 10,661.37/ha. The contribution margins from 2013 exceed those
from 2014 many times over.

The results of the Tukey test in Fig. 29.3 show that the contribution margins of
the two adapted systems significantly differ from those of the conventional system
in 2013.

The mean values of the contribution margins in Fig. 29.4 show the direct seed-
ing system achieved the best results in Komsomolski. On average, a value of RUB
5171.86/ha was achieved. The expanded conventional system only reached RUB
2277.06/ha on this site during the two years. Just like in Poluyamki, the conventional
method achieved the lowest values with an average of EUR 603.69/ha.

Mean values (LSMEANS) 

Farming system 2013 2014 

Direct seeding 11,768.00 155.61 

Expanded conventional 18,541.00 2,781.73 

Conventional 1,932.54 –195.85 

Fig. 29.2 Comparison of contribution margin mean values (in RUB/ha) by farming system and test
year, Poluyamki site

LSMEANS differences (Tukey) 

41023102nosirapmoC

1/2 0.1711 (– 6,772.73) 0.2061 (–2,626.13) 

1/3 0.0305 (9,835.52) 0.9705 (351.46) 

2/3 0.0002 (16,608.00) 0.1355 (2,977.58) 

Fig. 29.3 Results of the Tukey test mean value differences (in RUB/ha) for the comparison of the
three farming systems; (α = 0.05); Poluyamki site
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LSMEANS 

Farming system 2013 2014 

Direct seeding 3,774.93 6,568.79 

Expanded conventional 2,118.97 2,435.15 

Conventional – 2,112.63 3,320.01 

Fig. 29.4 Comparison of contribution margin mean values (in RUB/ha) by farming system and test
year, Komsomolski site

LSMEANS differences (Tukey) 

41023102nosirapmoC

1/2 0.2305 (1,655.96) 0.4553 (4,133.65) 

1/3 < 0.0001 (5,887.56) 0.5549 (3,248.78) 

2/3 0.0011 (4,231.60) 0.9561 (-884.86) 

Fig. 29.5 Results of the Tukey test mean value differences (in RUB/ha) for the comparison of the
three farming systems; (α = 0.05)

Figure 29.5 shows that the contribution margins of the two adapted systems differ
significantly from that of the conventional system in Komsomolski as well for the
year 2013.

In the overall comparison, the conventional farming system achieved the lowest
contribution margin on both sites. The main reason for this was the fallow periods
in the crop rotation. Performance failures occurred due to uncultivated areas. In the
two adapted systems, rape or peas were used instead which generated a much better
performance with their yield. Peas as a legume accumulates nitrogen in the soil and is
therefore a good crop to precede wheat which uses the nitrogen to produce its yield.
The conventional system had lower variable costs because of the fallow areas, but
it also became apparent that these cost savings could not compensate for the losses
due to the lack of yields.

Over the last decades, stubble wheat cultivation with recurring black or chemical
fallow periods had established itself. This can be attributed to the relative yield
security of this crop rotation which can compensate for the regularly occurring crop
failures in the area under investigation.

In the context of this paper, it transpired that both rape and peas produced good
yields in the direct seeding and expanded conventional system and that the sales
prices for rape significantly exceeded those for wheat.

In addition to yield as performance, the variable costs also influenced the con-
tribution margin of the farming systems in various ways. The direct costs of the



29 Effects of the Modern Technologies on the Economic Efficiency … 415

conventional systems were relatively low. This was caused by the absence of costs
for crop protection and fertilizer as no such measures were taken. Additionally, the
costs for seed were lower as there were fallow areas instead of rape and peas in the
crop rotation of the conventional method. Moreover, the adapted systems included
depreciation for new technology.

The expanded conventional and direct seeding costswere less expensive regarding
the labour and machinery costs. Higher performance of the modern machines played
a deciding role in this context. Increased working widths and driving speed allowed
for the fields to be worked significantly faster, which saved working hours and diesel.

Diesel consumption for the conventional farming system was higher compared to
the other system, caused by the intensive tillage. At the same time, additional labour
costs were incurred because of the higher number of working hours.

When assessing the adapted systems in both locations, it transpired that the
expanded conventional system was more economical in Poluyamki than the direct
seeding system. In Komsomolski, it was the other way around. Different research
studies have shown that the reduced level of tillage in the direct seeding system is
accompanied by certain disadvantages which limited the plant development of the
crops. Harvest residue causes problems regarding field emergence as it negatively
impacts soil contact and covers the crops (Morris et al. 2009; Schneider 2008; Su
et al. 2014).

The difference between the locations could also be explained by the various cli-
matic conditions. From a statistical point of view, however, the difference between
the two systems in both locations was not significant. After comparing all systems,
it became obvious that the new systems differ significantly from the conventional
system and therefore generate substantially higher contribution margins.

29.8 Conclusion

The adapted farming systems are to be recommended from an economic point of
view as they generate higher contribution margins than the conventional system.

No significant differences could be noted between the two adapted systems.
The fallow periods in the crop rotation of the conventional system limit the overall

contribution margin due to the absence of performance in the form of a crop yield.
Cultivating rape and peas pays off as they generate good yields, particularly rape

which additionally has high sales prices. Both crops represent an excellent alternative
to black or chemical fallow periods. The reduced intensity of tillage helps to decrease
labour and machinery costs by saving working hours and fuel.

The use of modern agricultural engineering has the benefit of increasing output
per areawhile decreasing fuel consumption, which saves labour andmachinery costs.
Investment-related depreciation on new machines increases the variable costs only
slightly.
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The variable costs are the lowest for the conventional systemas black and chemical
fallow periods cost significantly less than used areas. By contrast, crop protection
and fertilization have a major impact on the variable costs.

Establishing conservationist farming systems, particularly direct seeding systems,
takes time because aspects such as weed suppression and humus formation take sev-
eral years to develop. Reliable statements can only be made after several vegetation
periods (Sime et al. 2015). Harvest residue being shredded and worked into the soil,
chemical crop protection, the rotation of cereals and leaf crops and green manuring
allow for the suppression of weeds. Additionally, more water is retained thanks to
the improved soil structure (Sturny et al. 2007). The yields from the adapted systems
can therefore be expected to continue to increase over time.
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Chapter 30
Possibility of Natural Steppe Cover
Restoration and Its Biodiversity
Expansion

M. M. Silantyeva, T. A. Terekhina, N. V. Elesova, N. V. Ovcharova
and T. V. Kornievskaya

Abstract The approaches to the rehabilitation of the vegetation cover in theKulunda
steppes and to the increase of their biodiversity under the conditions of the existing
nature management system can vary.We investigated only three specific approaches,
the implementation of which are much in demand and have already been started.
The restoration of steppe ecosystems is an important step in their rehabilitation. The
restoration of the sample steppe communities can be passive, through the regener-
ation of sod lands or degraded pastures through exclusion from use (isolation), or
active, by the method of ‘agrosteppe’. The data on the improvement of steppe pas-
tures by means of isolation, obtained over a period of three years, indicated a signif-
icant restoration of the floral communities’ structure. The layerage is re-established,
the total projective cover increases and so does the aboveground phytomass stock.
The steppe communities’ restoration, by the method of agrosteppe with the use
of the legume family representatives adapted to the dry steppe conditions of the
Kulunda area, showed positive results. A range of drought resistant legume grasses
was selected. The most sustainable species in the case of late spring sowing were
Astragalus onobrychis and A. cicer. In the case of underwinter sowing, Medicago
lupulina demonstrated the greatest survival ability among the lucernes, while A. ono-
brychis proved to have the greatest survival ability among the astragaluses. Optimal
seeding time for the legumes is underwinter sowing (November). A very important
method of steppe restoration activity is the preservation of areas of natural steppe
ecosystems as specially protected natural reserves. The conditions for protection of
the steppe and lacustrine-steppe ecosystems have been created in seven state partial
reserves and ten natural sanctuaries. Forty plant species of the Kulunda steppe are
under the protection of the Altai Krai Red Book.
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30.1 Introduction

Sustainable development in the steppe area is possible only based on the creation
of natural ecosystems and agroecosystem complexes, capable of self-regulation or
demanding minimal managerial measures to retain the ecological balance. The most
important element of the natural vegetation cover in steppes, subject to rehabilitation,
is pasture.

Constant patternless grazing has a negative influence on the steppe ecosystems
(Chap. 4). The main measures of the natural pasture rehabilitation are the follow-
ing: introduction of the enclosure-pasturing system (rotational grazing), simplified
improvement with the help of fertilizer application, short-term isolation from grazing
(reservation), creation of better pastures through agrosteppes as well as the existence
of the conservation status of the steppe ecosystem. Now, we shall focus on the pro-
jected directions of the steppe ecosystems rehabilitation.

The progressive successions of the degraded natural pastures depend on the nature
and climatic conditions. Hence, in different natural zones, there exists a necessity to
study the regularities of the natural pasture rehabilitation when the pasture load is
reduced (post-pasture demutation).

In the southern Kulunda, steppe pastures have been exploited since the end of the
eighteenth century. After the total ploughing era in Kulunda in the twentieth century,
grazing sites often remained in the saliferous or inarable steppe phytocenoses.

30.2 Materials and Methods

The study of the stages of the degraded natural rangelands progressive successions in
southern Kulunda in conditions of short-term isolation was conducted in the south-
western part of the dry steppe area, within the territory of Mikhaylovskiy District,
Altai Krai, on the fields of a farm enterprise LLC ‘Partner’. For the purposes of
the experiment in the short-term isolation of steppe areas, three monitoring sites,
100 m2 each, corresponding to the different stages of pasture degradation were cho-
sen and enclosed 5 km west from Poluyamki village in May 2013. The first site was
characterized bymoderate grazing (forb-fescue-feather grass steppe), the second one
was characterized by heavy grazing (lucerne-wormwood-fescue steppe) and the third
site could be described as being at the beginning of over-browsing (heavy grazing,
fescue-wormwood, heavily degraded steppe). All the sites were situated according
to the ecological profile directed towards a cattle camp.

The over-browsed area was not enclosed and did not participate as soon in the
experiment on short-term isolation as several decades are necessary to restore frosted
orache and ceratocephala-frosted orache over-browsings in the dry steppe conditions
(Ivanov 1958). The soils on the test sites (grounds) are of a chestnut (the first site)
and dark chestnut (the second and third sites) subtypes (Silantyeva et al. 2015a, b).
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The stock of the aboveground phytomass was determined by means of a cut-
sample method three times a season, the discount area size equal to 0.25 m2, four-to-
ten-fold replication was applied. The geobotanical descriptions were made in May,
June and August. The data obtained in June were used to compare the results as soon
as the pastures under study are regarded as early aestival by their developmental
rhythm. The natural conditions were rather varied during the experimental years, the
growing season of 2013–2014 saw the precipitation equal to 120–140 mm, the year
of 2015 was the most humid and favourable for the plants’ development.

The true forb-fescue-feather grass steppe, occupying no more than 5% of the total
site area and corresponding to the second stage of pasture degradation, is situated
20 m from a treeline in the most remote from the cattle camp location (the beginning
of the laid ecological profile). In June 2013, 36 plant species were registered per
100 m2. The total projective cover equalled 55–60% with the spots of 70%.

30.3 Results

The site of the lucerne-wormwood-fescue steppe is in the third stage of pasture degra-
dation (heavy grazing, fescue stage). In June 2013, 23 plant species were registered
per 100 m2. The projective cover varied from 45 to 50%.

The site of the wormwood-fescue, heavily degraded steppe, corresponds to the
third stage of pasture degradation transiting to the 4th (wormwood) stage, and the
steppe litter is almost lost. In June 2013, 17 plant species were registered per 100 m2.
The projective cover varied from 30 to 35%.

The short-term isolation (three years) had a positive influence on the value of
stock for all the components of the aboveground phytomass. At the moderate grazing
stage (forb-fescue-feather grass steppe), the aboveground phytomass stock rose from
324.5 to 596.4 g/m2 in June 2015, the green shoot productivity rose from 208.5 to
415.4 g/m2 mostly due to the increase in the cereal crop share (almost twice as much)
and the forbs share (by 2.6 times). The legumes share increased by half as well. The
dead grass share rose from 9.1 to 12.5 g/m2, the litter stock grew by half (from 106.9
to 168.5 g/m2) (Tables 30.1).

In three years of isolation, the cereal species diversity rose owing to Elytrigia
repens, Leymus ramosus, Koeleria cristata, Agropyron pectinatum at Site 1. By
the third year of isolation, the following legumes appeared: the onobrychis milk
vetch (Astragalus onobrichis) and the white sweet clover (Melilotus albus). The
group of forbs enlarged due to the appearance of Artemisia dracunculus, Potentilla
canescens, Gypsophilla paniculata, Dianthus deltoides, Veronica spicata. The total
number of plant species remained unchanged (2013–36 species, 2015–37 species),
which occurred due to several species mortality: Poa angustifolia, Artemisia sco-
paria, Taraxacum officinale, Odontites vulgaris. One should mention the disappear-
ance of blue-green algae Nostoc sp.

The structure of the grass stand changed significantly in a positiveway: the number
of sublayers rose from 2 to 3. The vertical profile of the steppe community rose from
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Table 30.1 The influence of a short-term isolation on the aboveground phytomass stock in the dry
bunchgrass steppe at different stages of pasture degradation (Mikhaylovskiy District, the area of
Poluyamki village; 18.06.2015; g/m2)

Aboveground
phytomass structure
and its components

Degradation stages

I (moderate grazing)
phytomass on
pasture/phytomass at
reservation site

II (heavy
grazing—fescue
stage)
phytomass on
pasture/phytomass at
reservation site

III (beginning of
over-browsing—
wormwood stage)
phytomass on
pasture/phytomass at
reservation site

Green shoots, inter
alia:

208.5/415.4 93.7/204.0 85.0/113.6

Cereals 110.0/217.2 50.4/77.4 47.7/89.9

Legumes 47.1/66.2 2.6/62.0 4.1/5.1

Forbs 51.4/132.0 40.7/65.0 33.2/20.1

Dead Grass 9.1/12.5 6.6/9.7 6.7/8.4

Litter 106.9/168.5 50.8/72.3 20.5/54.7

Total 324.5/596.4 151.1/286.0 112.2/176.7

55 to 60 cm to 85 cm.The total projective cover of the forb-fescue-feather grass steppe
enlarged from 55 to 60 to 80%. One should also note the increase in edificators (the
feather grass) viability on the isolated ground, which manifested itself in the increase
in their height by 30 cm and the twofold increase in the projective cover of Stipa
capillata (10 and 20% respectively).

At the stage of heavy grazing (the second fescue stage), short-term isolation also
had a positive influence on the aboveground phytomass and its element productivity
(lucerne-wormwood-fescue steppe). The total aboveground phytomass stock rose
from 151.1 to 286.0 g/m2 in June 2015, the green shoot volume rose more than two
times (from 93.7 to 204 g/m2) owing to the increase in the cereal crops, the legumes
and the forbs share, the dead grass share rose by 50% from 6.6 to 9.7 g/m2 and the
litter share grew from 50.8 to 72.7 g/m2. It is worth noting that the cereal crop and
the forb amounts in the structure of the green shoots increased by 50% respectively,
while the legume amount rose by more than 30 times.

By the second year of isolation, Artemisia scoparia, A. nitrosa, A. frigida, Tarax-
acum officinale, Linaria vulgaris, Otites parviflora and Kochia prostrata appeared
on the site, while they were not noticed in 2013. The sickle lucerne became a co-
dominant in the second year of isolation, its projective cover increased from 3 to 7%.
New forb species appeared (the tarragon, the bifid cinquefoil, the hoary groundsel,
the flat-leaved sea holly), the ones being absent on the areas of the wormwood-
cinquefoil-fescue degraded steppe exposed to grazing.

By the third year of isolation, the grass stand acquired a three-layer character. Its
height increased from 30 to 35 cm to 60 cm, while the total projective cover went
from 30 to 35 to 65%. The viability of the edificator (Festuca valesiaca) improved, its
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height rose from25 cm to 35 cm, there appeared generative shoots,whichwere almost
completely absent on the ground exposed to grazing. It should be noted that such a
high increase in the grass stand structure indications in 2015 is closely connected to
high soil humidity and not only to the short-term isolation influence.

At the stage of heavy grazing—the beginning of over-browsing (the third worm-
wood stage), the isolated site of the cinquefoil-wormwood-fescue degraded steppe
also exhibited the increase in the aboveground phytomass productivity from 112.2
to 176.7 g/m2. The green shoots volume grew by 1.4 times from 85 to 133.6 g/m2,
mostly owing to the cereal crops. The dead grass share increased insignificantly
from 6.7 to 8.4 g/m2. The litter stock rose by 2.5 times from 20.5 to 54.7 g/m2.
At the isolated site, the number of plant species increased from 17 to 22 in 2015;
new cereal species appeared, i.e. Elytrigia repens, Cleistogenes squarrosa, Setaria
viridis and Onobrychis arenaria were noted out of the legumes, Artemisia frigida,
Senecio jacobaea and Polygonum patulum were noticed from the forbs. One could
observe a greener aspect. The viability of the fescue and the lucerne increased, which
manifested itself in an increase in their height from 30 cm to 45 cm and in the num-
ber of the generative shoots, the latter being almost absent on the ground of the
fescue-wormwood, heavily degraded steppe exposed to grazing.

The grass stand structure improved significantly; the number of sublayers grew
from 2 to 3, the height of a single sublayer increased by 15 cm (30–45 cm), the total
projective cover increased twofold (from 25% to 50%).

Thus, the conducted experiment in the reservation of an area in the true bunchgrass
steppe during the period of 3 years allowed us to make the following conclusions:

• A three-year period is insufficient for the restoration of the species composition at
the heavily over-browsed sites (the third stage of pasture degradation, the transition
to the fourth stage);

• The cereals, the legumes and the forbs are slow to recover, and so is the dead grass
and litter stock;

• The isolation facilitates the improvement of the pasture community’s structure;
layerage is re-established, the total projective cover increases and so does the
aboveground phytomass stock.

Another important path to steppe ecosystem rehabilitation is their restoration. The
restoration of the sample steppe communities can be passive through the restoration
of lea lands upon availability of the steppe plants genebank, and active by the method
of ‘agrosteppe’ (Dzibov 2001).

Natural rehabilitation of completely destroyed steppe vegetation on a tilled field
takes 80–100 years or more, as the weeds are the first to exploit the available eco-
logical resources (moisture, mineral nutrition, light), and afterwards they prevent the
wild land steppe plants from entering their environment. The weed plants and their
spinney are characterized by rapid growth and abundant fruiting, habitually. They
are always stronger and win the competition with the steppe plant sprouts.

Moreover, the difficulties of the natural pasture rehabilitation occur due to the
large percentage of the territory under the plough in many Kulunda regions, and as
a result, due to the practically total absence of the natural steppe ecosystems which
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could act as seed grain donors. The area of the individual fields being vast, in cases of
the self-organized vegetation filling of lea lands, the central part remains unavailable
for the steppe plants for many years.

The method of agrosteppes allows us to restore the analogues of the zonal herba-
ceous vegetation of a xerophilous type by applying agricultural machines and tech-
nological operations used in modern agriculture. The most important positive pecu-
liarity of agrosteppes is their ability to become a full-fledged seed plot after two to
three years of existence. This allows us to steppificate new territories at a quickening
pace, strengthen the farms’ fodder supply and succeed in solving the nature pro-
tection problems, inter alia, the connection with the struggle against desertification
(Dzibov 2001).

Agrosteppes are similar to true steppes in some basic characteristics: (1) the
dominant plant species composition; (2) vertical grass stand structure—the number
of layers, which usually equals to 2–3; (3) yield capacity per area unit; (4) fodder
value; (5) grass stand thickness; (6) exterior picturesqueness—aspect at different
periods of the grass stand existence; and (7) erosion preventive significance and
resistance to the animal overload when used as pastures (Dzibov 2001).

A pasture featuring awormwood-fescue, degraded steppe in the area of Poluyamki
village (Mikhaylovskiy District), was chosen for conducting research in grassland
improvement under conditions of moisture deficit. In June 2013, we started an exper-
iment in the restoration of pastures at the third stage of pasture degradation (the
beginning of overgrazing, wormwood stage) and at the second stage (heavy graz-
ing, fescue stage) with the use of some legume grass species—Lotus corniculatus,
Astragalus cicer, A. sulcatus, A. onobrychis,Medicago lupulina iMedicago falcata.

Observations were conducted on specially enclosed plots (10 × 10 m), one half
of which is a natural grass stand, while the second half hosts plots of seeded legume
grasses embedded in grass sod. The width of the plot in tillage is equal to 15 cm, and
the space between plots is 35 cm. Monthly from May till September, we carried out
a description of vegetation at the chosen sites, phenological observations (according
to Beideman 1974), the estimation of legumes’ germinating and survival ability.

In order to study the seeding schedule influence on the germinating ability and
the establishment of plants on a degraded pasture, two experiments were launched,
the first one started in May 2014 (late spring sowing) and the second one started in
November 2014 (underwinter sowing).

At the site corresponding to the third stage of pasture degradation, we used two
types of Astragalus cicer, A. onobrychis and Lotus corniculatus.

During the first year of cultivation, we observed a trace quantity of seedlings on
the plots. The emerging crops were weak. The field germination rate of Astragalus
onobrychis equalled 36–49%, A. cicer: 20%, Lotus corniculatus: 21–35%. By the
end of the first year of cultivation, the plants were at the stage of the second true leaf
formation. The height of the plants equalled 2–3 cm on average.

In 2015, the quantity of seedlings rose by 20%. The emerging crops were stronger
andmore even.Weobserved a gainwith all the species, especiallywithA. onobrychis.
By the end of the second year, the plants reached the average height of 7.5 cm
(Fig. 30.1).
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At the experimental sites, we conducted the plants’ survival ability observations
during the growing season of 2015. The germinating maximum of Astragalus cicer
fell on the beginning of May (332 units per m2), however, by August, 83% of the
emerging crops died due to the drought. At that time, the soil temperature was at
26 °C, while the humidity equalled 0.3% of water saturation.

The highest quantity of the Astragalus onobrychis seedlings was recorded in the
first half of July (Fig. 30.2) which was accounted for by the optimal temperature
for legume development (20 °C) and by the soil humidity (44.88%). By August (the
drought period), 38% of the individual plants had died.

The emerging crop of Lotus corniculatus was the weakest in comparison with
other legume species on the pasture. The total number of plants being 110 units per
m2, only 9% survived by the end of the season.

In this experiment, the species best adapted to the dry steppe conditions turned
out to be Astragalus onobrychis (62% viable plants).

In the middle of October 2014, the second sample area of the pasture restoration,
the rangeland being at the second stage of degradation, was laid down. Three types of

(a) (b) (c)

Fig. 30.1 Recultivation of a heavily degraded pasture (the third stage). The plants in the second
year of life: (a) Astragalus cicer; (b) A. onobrychis; (c) Lotus corniculatus. Photos Silantyeva
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Fig. 30.2 Survival ability of the legumes on the improved pasture (the 3rd stage) in the case of late
spring sowing (the growing season of 2015)
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Astragalus (cicer, onobrychis, sulcatus), two types ofMedicago falcata,M. lupulina
and Lotus corniculatus (Fig. 30.3) were chosen for the research. We used the seeds
from primary reproduction, obtained from the collection of forage grasses, grown in
the conditions of the Kulunda dry steppe area.

Underwinter sowing had several advantages. First, there was no need for the
additional scarification of the legumes seeds. They underwent ‘natural scarification’
and stratification. Second, the optimal seeding time, determined; on the one hand,
by the soil temperature; on the other hand, by the plant ability to withstand winter
frosts, was not missed. The chosen legume species begin sprouting in a laboratory
environment at temperatures of 5–15 °C, the optimal germination temperature being
20–25 °C.

(a)

(c)

(b)

(d)

(e) (f)

Fig. 30.3 The legume species used for the natural rangeland improvement (the 2nd stage of degra-
dation). The plants in the 1st year of life, sprouts (May): (a) Astragalus cicer; (b) A. onobrychis;
(c) A. sulcatus; (d)Medicago lupulina; (e) M. falcata; (f) Lotus corniculatus. Photos Silantyeva
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Underwinter sowing gave even more sprouts. Medicago falcata and M. lupulina
seeds germinated better than others did. We recorded the maximum number of their
seedlings, 1201 and 577 units per m2 accordingly.

Among the Astragalus, we can note Astragalus sulcatus (231 units), with a
germination capacity twice as high in comparison with A. cicer (168 units) and
A. onobrychis (116 units).

With regard to the quantity of the germinated seeds, Lotus corniculatuswas at the
same level with astragaluses and had the germination capacity of 146 units per m2.

Observing the germination dynamics, we can note that the highest quantity of
Astragalus cicer seedlings occurred at the beginning of May (Fig. 30.4). Later on,
young plant mortality was recorded. By the end of the growing season, only 16% of
individual plants remained.

Astragalus onobrychis and A. sulcatus produced the maximum quantity of emerg-
ing crops in the second half of May. By the end of June, there was an abrupt decrease
in the number of seedlings, about 50% of the plants appeared to be unviable and
died during the period of the June drought. By August 1, 27% of A. onobrychis
young plants, 15% of A. cicer young plants and 14% of A. sulcatus young plants had
survived.

Medicago and Lotus corniculatus also gave the maximum of emerging crops in
the second half of May. However, in June, similar to astragaluses, significant plant
mortality was observed. The total of 9% of bird’s-foot trefoil seedlings died and so
did 27% ofMedicago lupulina seedlings and 38% ofM. falcata seedlings (Fig. 30.5).

By the end of the season, there was grass stand thinning. Overall, 41% (294 units
per m2) ofMedicago lupulina seedlings, 8.2% (98 units per m2) ofMedicago falcata
seedlings and 20.5% (30 units per m2) of Lotus corniculatus seedlings survived.
Significant mortality of the legumes is connected, to a greater extent, with tougher
competition forwater among the thick-growing individual plants (Medicago falcata).
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of underwinter sowing (the growing season of 2015)
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Fig. 30.5 Survival ability of theMedicago and the Lotus corniculatus on the improved pasture (the
second stage) in the case of underwinter sowing (the growing season of 2015)

Regardless of the dead plants high percentage, their quantitative count per unit
area testifies to the resistance of all the legume grasses used in the experiment to lack
of moisture and high soil and air temperatures.

Thus, two-year experiments in recultivation of pastures in the Kulunda dry steppe
area showed positive results. A range of drought resistant legume grasses was
selected.

The most sustainable species in the case of late spring sowing were Astragalus
onobrychis and A. cicer. In the conditions of underwinter sowing,Medicago lupulina
showed the greatest survival ability among the Medicago, while Astragalus ono-
brychis showed the greatest survival ability among the astragaluses. Optimal seeding
time for the legumes is underwinter sowing (November).

The phenological observations of the legumes used in the experiments showed that
during the first two years of life, plants adapt to the new conditions and go through the
vegetative stage only (all the species except forMedicago lupulina). During the first
year of the experimental use, M. lupulina goes through all the phenological phases,
finishing the growing season with the formation of scanty fruit. In the second year
of observation, M. lupulina reaches the phase of full semination.

A very important step in the steppe restoration activity is the preservation of the
areas of natural steppe ecosystems as an entire system of specially protected natural
reservations connected by means of ‘ecological corridors’. The role of ecological
corridors can be assigned to field-protective and roadside forest belts and shrub
belts, isolation spaces beside engineering constructions and other inarable lands.
Nowadays in Altai Krai, particular attention is paid to the creation of specially pro-
tected natural reservations in Kulunda. The conditions for protection of the steppe
and lacustrine-steppe ecosystems with specific complexes of animals and plants
are created in seven partial reserves: ‘Blagoveshhenskiy’, ‘Suyetskiy’, ‘Urzhum-
skiy’, ‘Khabarskiy’, ‘Liflyandskiy’, ‘Bolshoy Tassor Lake’ and ‘Loktevskiy’, and
10 natural sanctuaries: ‘Kurichye Lake and Kasalgach Stow’, ‘Shimolinskiy Wood’,
‘Ancient River Bed in Ashhegul’, ‘Beam System in Novokormikha’, ‘Shukirtuz
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Lake’, ‘Buldyuk Lake’, ‘Salinate Fields by Borovskoye village’, ‘Halophyte Com-
munities of Burlinskoye Lake’ and ‘Steppes by Parfyenovo’. Moreover, the pro-
gramme for SPNR development in Altai Krai till 2025 presupposes the proliferation
of the steppe ecosystems under protection through the organization of the Kulunda
nature park, 2 partial reserves and 10 natural sanctuaries. Forty plant species of the
Kulunda Steppe are under the protection of the Altai Krai Red Book (2016): Stipa
pennata L. s. l., S. lessingiana Trin. et Rupr., S. dasyphylla (Lindem.) Trautv., Iris
glaucescensBunge,Astragalus arbusculaPall.,A. compressusLedeb.,A. ammodytes
Pall., Atraphaxis frutescens (L.) R. Koch. and others.

30.4 Conclusion

Therefore, the approaches to the natural restoration of the steppe cover and to the
expansion of their biodiversity under the conditions of the existing nature manage-
ment character in Kulunda can be different. We focused only on three main direc-
tions, whose implementation is in demand and has already been started. Moreover,
the following factors will promote the steppe ecosystems and biodiversity restora-
tion: the introduction of the legal mechanisms of the steppe ecosystems protection in
the agricultural areas; ecological restoration of the steppe landscapes, including the
restoration of the typical steppe and shrub ecosystems, ravine forests, outliers and
flood plain forests, wetlands; the creation of the conditions for additional economic
benefits to be derived out of the alternative (non-agricultural) steppes exploitation;
the protection of water ecosystems and natural water springs, the restoration of tra-
ditional water-supply sources; the formation of the steppe positive image and the
perception of the necessity to preserve it in the public consciousness (RAN and
MPR 2002).
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Chapter 31
Towards a Sustainable Future?
Challenges for Regional Development
and Innovation

S. Lentz

Regional development is a highly complex task. Its complexity is made up by the
multitude of actors involved. It seems obvious that state institutions, responsible for
regional planning and for allocating resources, are in charge professionally. With
respect to sustainability as a development goal, the Kulunda research project has
used a wider concept of development. The social side of development should be of
special relevance. Its starting point was the sensitivity to what can be described as
local or autochthonous knowledge. This kind of knowledge exists, of course, in the
experiences and the procedures of regional authorities have established over long
time. However, the region is facing the challenges not only of technical innovations.
Understanding the interdependencies of land use, ecological gentle agrarian tech-
nologies and the necessities of enterprises and social and demographic change in a
field of tension between cities and villages conceptually requires considering addi-
tional stakeholders. In this specific respect, the project defined “sustainability” as the
capacity of a region—as the sum of individual and institutional actors—to implement
new technologies as well as social innovations “on-site”. Such an approach neces-
sarily has to deal with a full range of socio-spatial scales and an understanding of the
interconnectedness of spaces as power relations. The following subchapters attend
to various aspects of such capacities for innovation, touching issues like acceptance
of “external knowledge” as well as implementing new content into the system of
education.

Chapters 32–35 delineate the socio-economic regional frame for the Kulunda
project. It includes typical elements like the demographic situation in a regional
differentiation, but extends also to experts’ statements concerning structural changes
in the social and economic environment, aswell as to experiences of villagers, farmers
and agronomists and the “local readiness” for new methods and practices in the land
use. Chapter 36–38 then gives insight into how the Kulunda project itself took action
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to spread the news about new technologies to farmers and specialists and to convey
new topics to the educational system in its various ramifications.



Chapter 32
Framework for Sustainable Regional
Development in the Altai Krai

A. M. Nikulin, S. Lentz, O. Ya. Vinogradskaya, A. A. Kurakin and A. Wust

Abstract In this paragraph, the authors focus on analysing all the factors related
to the accumulation of human potential and the integration of new knowledge in
rural communities on Altai Krai’s Kulunda steppe that are largely responsible for
the sustainable socio-economic development of this area. The analysis leads them to
conclude that the understanding of the term ‘sustainable development’ in the direc-
tives of the krai and municipal administrations should be expanded in order to allow
for the implementation of a number of measures. Those aimed at the socio-economic
development of the region to ensure a specific quality of life for all generations in rural
communities, both contemporary and future, that would involve the full realization
of their human potential.

Keywords Agricultural factors · Climatic factors · Human resources · Regional
development · Rural communities · Sustainable development programme
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32.1 Results and Discussion

This chapter discusses central points identified during the implementation of the
Kulunda project that are related to the accumulation of human potential and the
integration of new knowledge. The integrating background is to expand and enrich
the understanding of the term ‘sustainable regional development’, which is prominent
in planning directive documents of the krai and municipal administrations of Altai
Krai’s Kulunda steppe.

The study on the social framework for sustainable regional development in the
Altai Krai (cf. Chap. 15) showed that sustainable development of Altai Krai’s
Kulunda steppe largely depends on the interaction of two complex factors—natural
climate and agricultural production. In a broad sense, scientific literature defines
sustainable development as a process of coordinated economic and social transfor-
mations intended to ensure the quality of life of both current and future generations.

The key elements for the sustainable development policy concern the efficient use of
resources, encouraging the development of newproductive technologies, extending the use of
productivity and efficiency enhancement schemes and encouraging both innovative and pro-
ductive activities. Within this framework, socio-economic development increasingly relies
on information and knowledge, and creates value through their ability to manage these
valuable assets. (Korres et al. 2014, p. 9)

The authors of the Sustainable Development Programme for the Rural Areas of
Altai Krai for 2012–2020 (‘Programme’) emphasize the steadiness of social aspects.
The programme aims at ‘the stable socioeconomic development of rural areas on the
basis of a diversified rural economy that ensures a high quality of life and rational
and environmentally sound land use’. Such stability should be considered sustainable
(Adminstration of Altai Krai 2011). The Strategy for the Socioeconomic Develop-
ment of Altai Krai until 2025, adopted in 2012 by Altai Krai law N86-ZS, defines the
strategy’s main goal as follows: ‘Achieving the high standard of living and quality
of life for the population based on accelerated innovative economic growth and the
strengthening of the region’s strategic positions in Russia’s agricultural, industrial
and tourism industries’.

The particular goals of the programme for this sustainable development are:

– creation of liveable conditions for vital activities in the countryside;
– encouragement of investment into the agro-industrial complex by creating
favourable infrastructure conditions in the countryside;

– aiding in the creation of high-tech jobs in rural regions;
– energizing the participation of rural residents in the implementation of socially
meaningful projects;

– forming a positive attitude towards the countryside and the rural lifestyle.

To achieve such sub-goals, the strategy specifies the accomplishment of basic
economic and social objectives such as:

– a substantial increase in labour productivity;
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– the creation of geographic clusters in the krai that are competitive on the global
market, in particular in agro-industrial and tourism/recreation branches;

– the development and modernization of the krai’s transport and communication
infrastructure;

– the development of human potential and improvement of the quality of human
capital;

– full-scale support for small business;
– assurance of the environmental security of the krai’s population and ecosystems;
– efficient use of the krai’s unique natural resource potential in the development of
a world-class tourism and recreation industry (see: Strategy 2012, 39–40).

To such goals, the Kulunda research project adds specific perspectives to the term
‘sustainable’, as there are specific ecological pre-conditions for agriculture on the
one hand and a very dynamic young history of societal transformation on the other.
The joint starting point for the scientific investigation as well as the perspective for
the conclusion is the region, which is considered an expression of temporal settings
of socio-spatial relations. Under such an evolutionary perspective, the capacity of
adopting and regionally distributing new knowledge becomes a further element in
the definition of sustainable development.

32.2 Setting of Natural and Climatic Factors and Their
Significance for Sustainable Regional Development

Altai Krai’s Kulunda steppe is extremely diverse in its natural conditions, but a
large part of it is in zones of arid and typical steppes, geographically distinguished
by variations of climatic factors. In certain districts, the mean annual precipitation
is less than 350 mm. On the other hand, in an arid steppe zone the annual bio-
necromass and the lack of humidity for its complete chemical dissolution resulted
in the generation of, for example brown soils in which the humus content is as high
as 67%. These unique natural and climate conditions provide bases for the kind
of agriculture, predominant in the majority of Kulunda steppe districts. Most of the
farms concentrated in this area therefore specialize in raising drought-resistant crops:
winter and spring wheat, corn, sunflower, millet, etc. A key factor for good harvests
is the soil moisture, which should be available during spring and early summer as
the crucial phases in the vegetation period. Hence, farmers are making considerable
efforts to conserve moisture: snow capture in winter, capture of melt water on the
fields in spring, installing natural and technical windbreaks and no-till farming are
some of the traditional measures. If traditional cultivation and planting methods are
applied, furrows in the fields are often additional ‘rolled’ in order to condense and
ensure the optimum contact between seeds and moist soil.

The Kulunda steppe is a huge ecosystem consisting of numerous elements. One
of the key elements in this system, without which soil diversity would be impossible,
is a unique ecological formation called ‘ribbon pine forests’. They include forests of



438 A. M. Nikulin et al.

the ribbon-outlier type, which typically evolved in Western Siberia and Kazakhstan
in the harsh soil and climate conditions among unforested spaces. Such forest strips
are important for regulating the regional climate, protecting soils and conserving,
respectively, renewing groundwater. In Altai Krai’s Kulunda steppe, these forests
consist of pine forests in the form of ribbons on ancient alluvial sands. They stretch
among steppe spaces in the southern part between the Ob and the Irtysh River. They
are the only source of lumber throughout the extensive steppe area.

Regional specialists, interviewed in the course of the Kulunda project, how-
ever, worry that due to the new planning conditions, the ecosystem of the entire
region might be disrupted. The background is a re-categorization of forest types in
Kulunda. On the basis of the Rosleskhoz [Federal Forestry Agency] order N 84 dated
20.03.2008, formerly ‘especially valuable forest lands’ and the protected ‘ribbon pine
forest’ category were re-categorized as producing and reserve forests. According to
those specialists, this order allows for uncontrolled felling of huge relict woodlands
on ancient alluvial soils, which are not only crucial for wind protection, but also
form a specific climate zone here. The state of these forests not only determines the
diversity of endemic plants, animals and water resources, but also the vital activity
of the local population.

32.3 Agricultural Factors and Their Significance
for Sustainable Regional Development

A dynamic in-migration of a larger population, intending to increase agricultural
production in the Kulunda steppe and to establish principals of industrial production
of food began back in the late 1960s. Since then, until the end of the Soviet Union a
long series of experiments, experiences and development in cultivating virgin lands,
in land-use technologies, in the compositionof agro-industrial farms, and establishing
a permanent and enduring system of settlements were the major trajectories in the
area. Crucial framing conditions for this period were a nationwide planned and
coordinated national economy and the idea of natural spatial resources, which had
to be unlocked and developed in a process of societal progress. The shift in the
economic paradigm in the 1990s had a deleterious effect on agricultural production
and the social infrastructure of the Kulunda steppe. This was partly compensated
by the transition of most of the agricultural organizations to private enterprises,
the majority of which now concentrates on monocrops, primarily the cultivation of
grains. Despite the breakdown of many social infrastructures, one must noted that
the majority of rural areas still have a kind of margin of strength, which, for instance,
ensures the viability of local areas on a certain level.However, this level is endangered
by the further loss of population, mainly migration to the cities.

Most of the municipal districts in Altai Krai’s Kulunda steppe have natural and
climate conditions that are challenging for farming. In Soviet times, therefore, pro-
viding feed for livestock required farms to engage in intensive irrigation and to
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support grain production despite the low yield, large areas of cropland were culti-
vated. Now almost none of the farms in this area can afford to use these kinds of
resource-intensive technologies. As a result, they prefer to give up raising livestock
and specialize in growing grains instead, as a typical quotation from the interviews
in the region may show:

R.: […] we can’t raise flax here — it doesn’t grow. We can’t get canola, because it likewise
doesn’t produce the yields at which a farm is more or less profitable. I think that sunflower is
the most cost-effective crop in Altai Krai, maybe with the exception of sugar beets. However,
before, back in Soviet times, the farm where I worked had 16,000 hectares of tillage, and
8,000 hawere planted, but wewere allowed to plant only 400 hawith sunflower, nomore, out
of the 16,000! This year we have 27,000 ha in the district planted with sunflower and 24,000
plantedwith cereals. Truth be told, there can’t be somuch sunflower in the rotation…Because
it depletes the soil, and quarantine weeds grow, and there are all kinds of pests, anything you
want! What are we to do? It drives the economy, and the farmers live and survive because
of it. So, a planned economy is probably necessary now. (Altai Krai, Uglovsky district,
Uglovskoye village, administration employee, September 2015)

Private farms now are a key component of the sustainable regional development
of Altai Krai’s Kulunda steppe. The majority of them operate under austere condi-
tions, which in turn pushes them to use innovative technologies at different stages
of the production process: equipment is modified to local conditions, and a spe-
cific process flow is developed, for instance, for each individual sowing system. On
innovative farms, biological growth stimulants, micro fertilizer and microelements
replace expensive chemical fertilizers. This creative approach enables these farms to
obtain a yield in certain years up to 14.5 hwt/ha, even on poor brown soils near forest
ribbons. Sometimes they exceed the results for the rich soils of the Altai piedmont.

Furthermore, private farms in high-risk soil and climate zones choose a variety
of means that enable them, even in years with low precipitation, to obtain small, but
stable yields. For example, farmers buy or lease plots of land in microzones with
relatively different soil and climate conditions, sometimes even in neighbouring dis-
tricts that are comparatively accessible to their farm equipment. This type of risk
behaviour is reasonable under the atmospheric conditions summer with mainly con-
vective rainfall. According to the farmers, it might happen that one field periodically
gets at least a little rain, but not a single drop falls on an adjacent one throughout the
season.

In the wider settings of factors for agricultural production, the problem of credits
has to be emphasized. The majority of farms has an insufficient capital stock to
update their equipment regularly, so almost all the district’s farms use leasing or
credit. However, many respondents note that banks have recently been unwilling to
lend to farmers, even at very high interest. This fact most painfully affects farmers
just starting out, who have almost no start-up capital and for whom state support
programmes have been cut back recently.

At the same time, lending makes sense only if private farms are highly profitable,
e.g. when the price of wheat stays on the global level and prices for fuels and tariffs
are moderate (cf. Chap. 15). In general, the current situation on the credit market
for farms is less positive, especially in years with low yields, since the change in
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prices for farm products lags significantly behind the overall rise in prices and rates
on loans. Given the current market, interests for loans have risen to a level that even
the most successful, technologically advanced farms with modern equipment have
to struggle. The majority of farmers therefore are cautious about loans.

One more challenge for both farmers and other participants in farm production is
the pricing system, in which in recent years, according to respondents, price fluctu-
ations have intensified significantly and have become less predictable. As a result,
enterprises are having difficulties setting up their crop rotations, obtaining credit and
calculating the costs of innovations.

Moreover, themain externalities that are prerequisites or conditions for technolog-
ical innovations in agricultural enterprises include government policies on pricing,
insurance, lending, leasing and various kinds of subsidies. Internal factors of this
type include having people on their teams with creative potential, leadership skills
or a specific attitude towards and a direct relationship to farm labour. These factors
come into play when either the directors of production or professional specialists
have these qualities.

Sometimes the failures experienced by a leader in other fields of endeavour or
a kind of battle or stress fatigue, when competitors are constantly ‘nipping at your
heels’, could also been seen as externalities.

R.: I believe that this life forced me to finagle […]. What else could I do? When, in 1992,
my wife and I worked at a school – we’re both teachers – and somehow had to feed our
family, we decided: I’ll go into business and she’ll stay at the school. Therefore, I went into
trade. I worked 10 years in trade and had enough. I no longer needed it […] I had enough
money in trade. So, I began slowly, not buying on credit and not going up to my eyeballs
in debt, like many enterprises now. But, on the long run, I didn’t want to do it any longer,
because it takes a lot of energy that I wouldn’t want to waste. I like this better, so I came here
and specially set up two enterprises. One manufactures production tools; the other is a farm
enterprise. I keep it to be on the farm tax. That is, all the costs and sales of farm products
go through it. But the banks don’t like that I’m the founder and director there. Therefore, I
pump money back and forth. I have the right to do that and it’s convenient for me that way
[…]. It upsets them [the banks] a lot. They start tossing extra paperwork at me for me to
write reports […] For example, I buy a harrow from one of my enterprises – I buy my own
product from myself. It suits me that way, because I have to make the enterprise profitable.
Uh, that’s how we finagle […]. It’s— not a work of art, it’s— life after all. Everyone figures
this out, everyone operates this way. How do you think we operate? So, now I need to get
an order so lucrative that everything is the way I need it to be. That’s how we operate […].
(Altai Krai, XX district, XX village, director of an LLC, August, 2013)

Moreover, local residents are wary of technological innovations in industries such
as farming and forestry and not without reason. There is a concern about a change
in their environment, even among specialists. Looking at the changes related to
these kinds of innovations, they discover that replacing traditional, time-tested tech-
niques and methods for working the soil or exploiting forest lands, on the one hand,
drastically increases production efficiency but, on the other, leads to irreversible
transformations in their environment. For example, a number of specialists and local
residents we surveyed were sceptical of no-till technology, considering it chemically
aggressive towards the soil. They think that the use of these kinds of technologies
requires approaches tailored to each specific situation.
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For example, one farmer reported that his farm is oriented towards environmen-
tally friendly productionwithout the use of chemicals, although this product is not yet
in demand on today’s market. He believes, however, that farm owners should take
an interest in conserving land both for themselves and for future generations. He
therefore uses traditional practices with minimum tilling, which enables him, using
certain farming techniques, to obtain good yields with negligible use of herbicides.

R.: I don’t accept these new technologies (meaning no-till), that is, I accept them in general,
but I’m convinced that they’re not for our area. Our other farmers say the same thing. They
don’t have enough straw. We have very low-growing cereals. This is, again, because of the
dry conditions. But it needs straw. Therefore, there will be a field white with straw, and
less chemicals will have to be applied. Our neighbours, for sure, are operating with these
technologies, but they use a lot of chemicals. I am absolutely against chemicals, I’m opposed
to them. Moreover, our results are no worse. Over the last 5 years our yield was 14.5 hwt/ha,
and we got it without chemicals. The yield last year for the district as a whole was 6, ours
was 9.5. The year before last, it was 7 for the district, and I got 11.5. That is, a difference of
one and a half times, and it’s happened that in different years it was as high as double. (Altai
Krai, Mikhailovsky district, Rakity village, head of a private farm, April, 2013)

Usually, the director or an experienced specialist determines the need to use par-
ticular technological innovations at an enterprise. One of the respondents, the head
of a large agricultural enterprise in Mikhailovsky district, believes that the real, gen-
uine goal of using innovations in farming is not limited to merely the need to make
profit. It is deeper and related to the calling of an innovator, the opportunity for
him to implement certain creative visions. It is only this goal, he believes, that will
make it possible to preserve the harmony between man and nature and maximize the
effectiveness of innovation.

R.: I was born here and I really know farming from the very beginning, so we naturally
have classic cultivation technology. We haven’t switched to no-till, or gone completely to
herbicides. I’m a little opposed to it. So, I see here, among us, how well it all turns out for
them […] But I still stick to my opinion that all this will spoil nature. Uh, I spend a lot of
time in the fields and where they apply chemicals I don’t see any wild fowl. Good plants are
growing there, but wild fowl don’t live there. They livewhere the land isn’t tilled. Because the
animals probably sense that it’s not right. Of course, in the new technologies, theymake good
use of chemicals. If the corn is three meters tall and there’s not a single weed, that means
that it’s all pesticide treated. Fundamentally treated, right? So, this somehow worries me
[…] Because not a single rabbit or anything else lives there […]. (Altai Krai, Mikhailovsky
district, Mikhailovskoye village, director of a farm enterprise, August, 2013)

At the same time among farmers, there are those who are optimistic about the
use of new technologies in farming, but they are pessimistic about the variability of
human nature, so in their opinion, only the succession of generations will bring a
change in the mentality of everyday habits and professional skills of rural residents.
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32.4 Practices of Applying Land Legislation that Interfere
with the Innovative Development

One of the fundamental barriers to innovation in farming remains the land issue and
practice of applying land legislation. Despite the continuous improvement of the
legislative environment pertaining to these issues, their resolution locally comes up
against a number of administrative, financial and economic problems that at times
lead to results that are the opposite of the legislative logic.

Sometimes on the ground, the best farmlands are allocated on the principle of
proximity to administrative resources. Farms and agricultural specialists believe that
on the district level, everyone involved in this business knows one another quite well
and understands who can do what. Even the leadership of both, the municipal and
district administrations, is aware of this. Officials therefore believe that the farmland
and targeted support should be allocated to truly capable farms and energetic, aspiring
farmers under the supervision of both the administration and specialists. They believe
that the future of not only individual farms, but also of all of Kulunda depends on
the solution to this problem.

One must note that even today the land market in Kulunda steppe districts has
not completely evolved. Therefore, for example, in 2014 the price of a land share—
about 25 ha—was fairly low and did not exceed RUB 25,000. Closely connected
is another current topic: the problem of surveying farmlands. Today the owners of
land shares by law must register the land in the land register, but to do this, they first
have to determine the boundaries, which is a relatively costly procedure for the local
populace. Shareowners therefore lease their land to farmers on condition that the
farmers have the land surveyed at their own cost, additionally to their own lands. All
these mandatory procedures require not only time, but also money, and have nothing
directly to do with the production cycle. The majority of new and small private farms
do not have spare money for survey and registration, so they have to spend funds
that they might have spent directly on production. This disturbs the farms’ entire
production cycle, or farmers encumber the enterprise with debts.

In the opinion of the majority of residents, solving land problems, like developing
practices for the application of land legislation, largely depends on the establishment
of realistic and fair partnerships among farm producers, local administrations and
various departments on all levels.

32.5 The Effect of Human Resource Problems

In the majority of districts in Altai Krai’s Kulunda steppe, it is almost impossible to
find an area of endeavour or production that does not need specialists. Organizations
are experiencing a special need for young, well-educated personnel. This problem
is particularly acute in healthcare and other social services. Therefore, a number of
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federal and regional programmes are employed to recruit young specialists for work
in the countryside. In particular, these are programmes such as:

– The Governor’s Programme for Training Professionals for Small and Medium
Business in Altai Krai in 2013–2016;

– The subprogramme ‘Staffing the Altai Krai Healthcare System’ under the govern-
ment programme ‘Development of Healthcare in Altai Krai until 2020’;

– The Altai Krai governmental programme ‘Development of Education and Youth
Policy in Altai Krai’ for 2014–2020;

– The subprogramme ‘Gasification of Altai Krai in 2015–2020’ under the Altai Krai
state programme ‘Supplying the Altai Krai Population with Housing and Utility
Services’ for 2014–2020;

– ‘The Governor’s Programme for Training Professionals for Small and Medium
Business in Altai Krai in 2013–2016’ [sic];

– The Altai Krai government programme ‘Development of Education and Youth
Policy in Altai Krai’ for 2014–2020 [sic];

– The federal programme ‘Local Doctor’.

The last programme started on 1 January 2012. It provides for the allocation of
relocation allowances of RUB 1 million for each doctor up to the age of 50 who
relocates to work in the countryside for five years. The practical implementation
of this programme, however, has turned out somewhat differently from how it was
imagined when it was developed.

R.: Now we have mostly retirees working here. Basically there’s no one to do the work.
There used to be young people. This year four young doctors who had not yet finished
their 5-year stint left us. Do you know why? Because this Local Doctor programme exists.
Under it a specialist graduates from the institute and relocates to work in a village or moves
from village to village or from town to village. Then he gets 1 million roubles in relocation
allowance. So, we had two young couples leaving. For those two million they abandoned
their jobs, apartments, and left to get 2 million rouble over there. I believe that it’s absolutely
wrong when they run from village to village for this million. That’s not how to solve the
staffing problem. I mean, two couples, husband and wife – four people. To get this precious
million they have to move to another village. But they can’t get this money from us, because
they were working before this law, this programme, was adopted. After graduation, they
started working for us before the law was passed, so they weren’t eligible for the million.
Nevertheless, they moved to another village and they were. They closed down, uh, they
moved there, and left us stranded. What kind of solution to the staffing problem is that?
(Altai Krai, XX district, XX village, district hospital doctor, August, 2013)

Meanwhile, the shortage of specialists is being felt even in municipal and national
government bodies. For example, it was noted in an interview with district admin-
istration employees that it is not easy to find qualified specialists for the position of
mayor or for administrative work in municipal government bodies.

R.: We have to woo people for the position of mayor. It used to be, 8 years ago, we had
five or seven candidates for this position, but now it’s very hard to find even one. Primarily,
this is because of the salary. For example, it used to be that specialists among esteemed,
experienced people with some time on the job were selected for the district administration,
but today we’ll take those who have even the slightest knowledge of their profession and
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who have at least a bit of education […]. (Altai Krai, Mikhailovsky district, Mikhailovskoye
village, administration employee, August, 2013)

Some respondents who are producers and heads of farm enterprises cited as main
problems difficulties related to intergenerational working relationships. In their opin-
ion, difficulties of this kind primarily result from the difference in the interests and
values between the generations.Oneof the significant challenges for small farmenter-
prises is the use of modern computers, the servicing and repair of which requires that
they keep employees with fairly narrow specializations who know computer tech-
nologies and have the skills to set up the equipment. There are no such specialists in
the countryside. Therefore, the heads of these enterprises often limit themselves to
Russian-made equipment that is simpler to operatewith and tomaintain. They believe
that overly computerized imported equipment is not adequate to local conditions.

32.6 Interaction of the Community and Authorities
as a Condition for Regional Development

It is vital that local communities usually react very thoughtfully to any cultural ini-
tiatives that originate from those communities or from outside. An example might
be the travelling interactive exhibit ‘Barnaul in a Suitcase’. This project was prized
not only in Altai Krai, but also at the cultural mosaic national competition for village
and small town development projects, which is supported by the Timchenko Founda-
tion. The project is targeted primarily at residents, particularly children, of the rural
districts in Altai Krai, who have few opportunities to visit their krai centre, Barnaul.
It was to them that the travelling exhibit successfully showed historical and modern
Barnaul and its relationship to the rural areas surrounding it, using both traditional
museum and the latest computer technologies. The drama of the historical and mod-
ern regional centre and its relationship to its environs played out before villages in
virtual space. It helped them understand and make sense of the migration between
the capital and rural districts of Altai Krai. It is profoundly symbolic that the trav-
elling exhibit began its journey in the Kulunda steppe—Aleisk, Mamontovsk and
Slavgorodsk districts, attracting tremendous interest among local residents—adults
and children alike.

By the way, some sceptics responded to the exhibit saying that it in fact fosters
merely a ‘suitcase’ mood and actually tempts Kulunda’s residents to migrate from
their humble rural reality to the attractive life of the regional capital. Sceptics also
stress that one cannot get away with merely the cheap virtual charms of the region
and its capital, insisting on the quite real and tangible contributions that the region
has made to rural Kulunda’s development.

Kulunda’s rural communities naturally aspire to participate in regional and federal
competitions for the support of rural development. One must note, however, that it
is often possible to find resources for local cultural development in the most rural
communities. An example might be the support for athletic projects in Kliuchevsky
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and Mikhailovsky districts. For example, one of the strongest football teams in Altai
Krai has traditionally been the Kliuchevsky district team, which attracts the attention
of the district administration, local business and, of course, local fans. Respondents
who live in Kliuchevsky district stressed that their football success has a positive
impact on social well-being in Kliuchi village. In nearby Mikhailovsky district, a
local children’s andyouth hockey teamhas been successfully organized and expanded
with the support of large, influential farmers.

By the way, even the most remarkable athletic successes are naturally not enough
to energize the generally depressed social life of Kulunda. A great deal of attention
is therefore being given to a wide range of sociocultural initiatives. For example, in
addition to the birthdays of a particular village that are now celebrated throughout
Russia, some districts in Kulunda are organizing work parties focused on the devel-
opment of local recreation areas, especially, for example, the shores of the local
steppe lakes. On the other hand, respondents in Kulunda said that, despite individual
initiatives to improve local areas and hold cultural events, in general the population
and, often, young people are indifferent towards supporting and developing a civi-
lized lifestyle. They gave examples when recreation areas, built by young activists for
young people were later vandalized by the same local young people. The respondents
also noted that in Kulunda communities, local associations of government, business,
the intelligentsia and public organizations are short-lived and impermanent.

A number of respondents believe that changes related to new technologies and
the refurbishment of farm and forestry enterprises have a questionable effect on
the areas where they live, and they express pessimistic concerns that in the future
Kulunda steppe, districts will be left with only relatively large villages in which an
ageing population will live out its years. However, the introduction of engineering,
cultural and economic innovations and technologies that help to increase labour
productivity, and as a result free, the surplus workforce and intensify migration,
especially in agriculture, will generally provide new opportunities for vital activity
in each individual community.
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Chapter 33
Implications for Administrative
Measures: Economic Institutions
and Policy

E. V. Ponkina, A. S. Manicheva and M. Bavorová

Abstract The chapter is devoted to processes in the formation of the institutional
environment in Russia’s agricultural sector over the last 25 years that define the
current trends and trajectory of future economic development. The first part of the
chapter reviews the creation of formal and informal rules that influence the Krai’s
land use system. The second part presents an analysis of the institution of ownership
of agricultural land and the features of its establishment in Altai Krai. The third part
analyses current trends in the development of the agrarian sector.

Keywords Institutional change · Agriculture · Crop production · Yield insurance

33.1 Introduction

The evolution of institutions and society is largely determined by the transformation
of the national socio and economic system. Subsequent changes in the institutional
environment, the creation of new formal and informal norms and rules, and the
degeneration of values take place gradually and go unnoticed in the short term. Insti-
tutional changes, accumulating and mutating, create new formal and informal norms
and rules depending on the specific history of the region and affect the region’s land
use system. Key institutional factors in the development of the agricultural land use
system are private ownership of land, private ownership of property, and the right
to engage in economic activity, sell and resell goods, provide services, and perform
work. Equally important is the establishment of institutions governing commercial
farming activities, in particular, the tax system, the system for government support
for funding of the development of the agricultural industry, mechanisms for fund-
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ing the revitalization of the enterprises, etc. Flaws in the institutional environment
create barriers, restrictions, and traps that adversely affect the revival of fundamen-
tal system-creating processes in the agricultural industry. The focus of study in this
chapter is the basic steps and results of the establishment of key elements of the insti-
tutional environment in the agricultural sector, especially in plant husbandry, and the
resulting barriers and institutional restrictions that have a positive or negative role
in the development of the agricultural sector in Altai Krai. The main conclusions
and postulates of the study are based on empirical data obtained in interviews with
executives and specialists at agricultural facilities performed in 2013–2014 as part
of the Kulunda project.

33.2 Features of the Formation of the Institutional
Environment in Today’s Russia

Theproblemof analysing institutional changes and their interactionwithin the system
of macro-, meso-, and micro-levels, especially as a consequence of profound social
shocks, when some institutions lose their influence and others are just being created,
is very interesting and complex. In Russian scientific literature, issues of the analysis
of institutional conditions and their influence on the agricultural economy primarily
address the clarification of the terms ‘institutional factor’, ‘institutional conditions’,
and others, elaborating on them in various different intonations (Yurin 2008; Goretov
2010; Babayan 2011; Maksimova 2011; Martynov 2014). Using the fundamental
precepts of North’s institutional theory (North 1997), we will analyse the features of
the formation of formal and informal rules and codes in effect in the agrarian sector
of Russia and of Altai Krai in particular.

National legislation is the basis for the system of society’s formal rules. The
hierarchy of Russian legislation reflects the inter-subordination of formal rules and
aligns with the hierarchy of the system of governmental authority in the Russian
Federation (Table 33.1). The top level of the hierarchy consists of the RF’s federal
laws adopted by RF legislative bodies (Federal Assembly) and laws adopted by
national referendum. These enactments have the highest legal force. The second level
of the hierarchy consists of presidential decrees and thenRFGovernment enactments.
The fourth level consists of ministry and departmental decisions. The next level of
the formation of formal rules is defined by decisions of the legislative bodies of
RF constituents. The bottom level is the legislative norms of municipalities. The
formation of formal rules and their scope are subordinate to this hierarchy.

The structure of the model of institutional changes that affect current formal
rules and the adoption of new norms comprises social actors endowed with the
right of legislative initiative. On the macro-level, they include the President of the
RF, the RF’s Government, including ministries and departments, members of the
RF’s Federal Legislative Assembly, and the Federation Council. On the meso-level
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Table 33.1 Hierarchy of formal rules (legal documents) in modern Russia

Kind of regulatory enactment Author of the regulatory
enactment

Federal level RF constitution The people of the RF Legislation

Federal constitutional laws Federal Assembly

International enactments International organizations

RF federal laws RF State Duma, RF
Federation Council, President
of the RF

Enactments (decrees and
orders)

President of the RF

Enactments (decrees and
orders)

Government

Departmental enactments
(orders, letters, etc.)

Ministries and departments

Regional
level

Enactments of RF federal
authorities (laws, orders,
rules)

Dumas (legislative
assemblies)

Enactments of authorities of
RF constituents (orders, rules)

Governors of regions and
Krais, presidents of republics

Regional subordinate
legislation (decrees)

Administrations of regions
and Krais, governments of
republics

Local level Enactments of local
governments (decisions)

Heads and representative
bodies of municipalities
(administrations of towns,
districts, rural settlements,
village councils)

Corporate enactments Organizations

Source Compiled by the authors (Kirdina et al. 2010; Centre for Russian Education)

(RF constituents, specifically Altai Krai), the main actors with the right to initiate
legislation under the Altai Krai’s charter (Charter of 1995) are:

– members of the Altai Krai Legislative Assembly;
– standing associations of assembly members;
– standing committees and commissions of the Altai Krai Legislative Assembly;
– the Governor of Altai Krai;
– local representative bodies;
– constituents of Altai Krai numbering at least one per cent of the total;
– members of the Federation Council—representatives from the Altai Krai Legisla-
tive Assembly and the Altai Krai Administration;

– the Altai Krai Court;
– the Altai Krai Arbitration Court;
– the Altai Krai Human Rights Commissioner;
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– the Altai Krai Prosecutor;
– the Altai Krai Trade Union Association;
– and the Altai Krai Election Commission.

On the municipal government level, they include the district council of people’s
deputies, on the rural settlement level—the village council.

The population, including entrepreneurs, can participate in solving important
problems through elections, referenda, the submission of collective appeals (peti-
tions), aKrai popular legislative initiative, aKrai popular poll (plebiscite), and others.
A legislative initiative follows the procedure specified by a law (Law N 3-ZS 2002;
Charter 1995). This requires the submission of a petition, whichmust be supported in
writing by at least 300 other citizens. The Altai Krai Legislative Assembly reviews a
petition to initiate a regional popular legislative initiative if it meets the requirements
set by the law of Altai Krai. A draft regulatory legal enactment is deemed supported
if the number of citizens who support it with their signatures is no less than one
per cent of the total number of citizens determined according to the state system for
registration (accounting) of the electorate in the Russian Federation (Law N 3-ZS
2002).

An initiative to change the current formal rules received directly from agricultural
producers may originate during the routine interaction of farmers and representatives
of governmental authorities and by a collective justification of proposals. The inter-
mediate link that makes it possible to focus on farmers’ proposals and submit them to
the administrative and Krai Legislative Assembly are non-profit organizations whose
mission is to represent farmers’ interests at the regional and federal levels. In Altai
Krai, such public organizations include the Altai Union of Entrepreneurs, the Union
of Peasant (Private) Farms and Farm Organizations of Altai Krai, the Altai Meat
Alliance, the Altai Dairy Alliance, and others.

The pace at which formal rules and norms were created during the transitional
period varied. In Russia’s transition to a market economy in 1990–1995, during
the creation of the institution of private property from state-owned enterprises, it
was necessary to introduce new rules quickly, conditions, and relationships in which
economic activities could be carried out in amarket environment. The transformation
of the government system took place vertically—from the top down. In 1990–1993,
the Russian Parliament passed 222 laws; in 1994–1995—464 laws (Kirdina et al.
2010). A large proportion of them pertain to economics and finance. In subsequent
years, the average number of constitutional laws adopted in the RF was more than
300, decrees—more than 100, government enactments—more than 900, ministry
and department decisions—more than 2000 per year (Kirdina et al. 2010). This
does not count the regional legislation. In 1995–2015, basic laws were passed that
governed the activities of farm enterprises and the trade-in and distribution of farm
lands (Table 33.2).

Current federal laws are amended almost annually. The total number of amend-
ments to basic enactments peaked at 72 (in 2015). On average in 2000–2015, there
were 37 amendments per year. Figure 33.1 shows the trend in the number of amend-
ments to basic legislative norms in agriculture and the increase in 2006–2016.Clearly,



33 Implications for Administrative Measures … 451

Table 33.2 Basic current federal laws governing the farming activities of organizations and private
citizens in the RF

Law Year adopted Number of
amendments, total

Average number of
amendments per year

Federal Law on
Cooperation

1995 19 1

Federal Law on State
Registration of Real
Estate Titles

1997 92 5

Federal Law on State
Regulation of
Assurance of Farm
Land Fertility

1998 8 0.5

RF Tax Code (part one) 1998 90 5

RF Tax Code (part two) 2000 204 12

RF Land Code 2001 93 6

Federal Law on
Circulation of Farm
Land

2002 24 2

Federal Law on
Financial Turnaround of
Farm Enterprises

2002 4 1

Federal Law on Peasant
(Private) Farming

2003 10 1

Federal Law on Private
Farm Holdings

2003 5 1

Federal Law on
Recategorization of
Land or Land Parcels

2004 21 2

Federal Law on the
Development of
Farming

2006 14 2

Federal Law on the
State Real Estate
Cadastre

2007 53 6

Total amendments – 637 –

the trend is ascending. On the one hand, these data indicate the high variability or
instability of the resulting institutional environment (Shastitko 1999; Bazueva 2011).
On the other hand, it is obvious that the high rate of change in the institutions keeps
the society from completing its adaptation and reveals its objective, stable reaction to
current formal rules. The necessary institutional changes require systematic efforts
and expenditures over fairly long time periods (Kuzminov et al. 2005). Given the
current rate of change, a formal rule that has not been ‘codified’ and ‘taken root’ in
society will mutate.
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Fig. 33.1 Total number of amendments, including the adoption of new laws, to basic federal laws
governing farm production in Russia. Source The authors’ calculations based on the RF legislative
database (www.consultantplus.ru)

As for changes, e.g. to the terms for subsidies to farm producers, they are made
annually and are approved by both regional and federal authorities (Altai Krai Main
Agricultural Directorate, Altai Krai Administration, and Russian Ministry of Agri-
culture). Approval of subsidy rates and the procedure for granting subsidies requires
the adoption of more than 15 regulations.1 This is attributable, on the one hand, to the
country’s persistently high inflation rates and the need to index subsidy rates denom-
inated in roubles and, second, to aspects of the RF budgetary system expressed in the
need to adjust funds transfers on all hierarchical levels (between RF constituents).
This makes it hard to take decisions and increases institutional risks.

An analysis of the general hierarchy of lawmaking in the RF supports the claim
that most of the activity in the formation of institutions is carried out on the federal
level by the RF Government, the Federal Assembly, and the President of the RF.
On average, they account for more than one thousand norms per year (Kirdina et al.
2010).

On the regional level, the level of activity in the creation of formal rules is lower
and, on average, comes to 144 norms per year. The largest proportion comes from
the Altai Krai Administration (52 per year) (Altai Regional Legislative Assembly
2016). In 2015, the Governor of Altai Krai alone initiated 55 regulations, enactments,
and amendments to RF laws. The main initiatives therefore originate from the ‘top’
level of the hierarchy (federal), while adjustments to their implementation and their
adaptation on the level of the region and individual district take place on the meso-
level.

A major role in the adaptation and implementation of formal norms and rules
belongs to informal rules and restrictions that, in North’s opinion, are a ‘contin-
uation, development, and specification of formal rules and contribute to survival
because they constitute a part of people’s customary behavior’ (North 1997). Mov-
ing along the hierarchy of power (from the macro- to the micro-level) and during the
implementation of formal rules there is often a change in ambitions and motivations,
and the mechanism for implementing a law becomes inadequate, which results in a

1Adopted enactments are posted at the website of the Main Agricultural Directorate under the
section ‘Government Support’. URL: http://www.altagro22.ru/apk/gospodderzhka2016/.

http://www.consultantplus.ru
http://www.altagro22.ru/apk/gospodderzhka2016/
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multitude of informal rules or institutional traps and degenerates into a special form
of institutional rent.

A clear example of this phenomenon is the current institution of crop yield insur-
ance, which was introduced by a number of legislative enactments and decrees in the
RF in 20122. The main goal of introducing crop yield insurance is to lower the risks
of farming related to bad weather. Under the current rule, the conclusion of a crop
yield insurance agreement is voluntary for farmers. To increase farmers’ use of yield
insurance, a system of government supports for 50% of the cost of the insurance.
Subsidies are granted from the federal budget to reimburse 40% of farm producers’
costs to cover insurance premiums, plus 10% subsidies from local budgets. Each
region has the right to increase its share of the reimbursement.

In 2006, Altai Krai ranked first in the Russian Federation and Siberian Federal
Territory in the number of farms that had concluded yield insurance contracts with
government support. TheKrai accounts for 24%of yield insurance contracts through-
out Russia. The area planted with farm crops in 2006 covered by insurance contracts
constituted 68% of the total area under crops in the Krai. Obviously, insurance com-
panies are interested in creating a large pool of clients and maximizing profit, but
at the same time are not interested in potential insurance payouts. Farm producers
in turn are interested in obtaining state support as reimbursement of a portion of
their payments under an insurance contract. Insuring the risks of a poor harvest is
a relatively new tool for them and they are ready to assume this risk, even more
because they assumed these risks before this mechanism was introduced. Further-
more, a shortage of funding for farm producers is a negative factor that limits the
scope of this rule. They have to conclude a yield contract in the spring—during
the preparation for fieldwork. ‘Discrepancies’ in the insurance terms give insurance
companies extensive opportunities to refuse to pay benefits, which discredits the idea
of insurance among farm producers and deepens the distrust of this financial trans-
action (Gainutdinov 2010). For this reason, a number of insurance companies have
introduced a ‘grey’ scheme into insurance practice. When the insurance company
‘lends’ to the farm producer to conclude a yield insurance contract, and after the
farmer receives the subsidies on the insurance contract it receives a certain propor-
tion of that amount and full repayment of the ‘loan’, thereby creating institutional

2

– Russian Federation Government decree N 758 dated 1 November 2001 ‘On Government Support
for Insurance for Agroindustrial Production’;

– OrderNo. 1070 of theRussian FederationMinistry ofAgriculture dated 5December 2001 ‘On the
Establishment of the Federal State-Funded Institution Federal Agency for Government Support
of Insurance for Agroindustrial Production’ at the Russian Federation Ministry of Agriculture in
Moscow’;

– Federal Law N 264-FZ dated 29 December 2006 ‘On the Development of Agriculture’ 10 [sic]
codified the legal institution of agricultural insurance with government support;

– Rules for Granting and Allocating Federal Budget Subsidies to the Budgets of Russian Federa-
tion Constituents to Compensate a Portion of Costs to Insurance Farm Crop Harvests, Harvests
of Perennial Plantings and the Planting of Perennial Plantings11 [sic], adopted by Russian Fed-
eration Government Decree N 1199 dated 31 December 2009.
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rent for all ‘farm producer—insurance company’ participants in the process. The
insurance contract in this case is a sham and was concluded on terms under which
a covered event cannot occur. This problem has been the topic of a multitude of
scientific studies in various fields of science and has appeared in different regions
in Russia (Nikitin and Shcherbakov 2006; Chaika and Stadnik 2008; Gainutdinov
2010; Sushkov and Petrova 2013; Shestakova 2014; Borovskikh 2016).

According to heads of farm enterprises, yield insurance is interpreted as: ‘We
see harvest insurance as a no-interest loan. This suits both us and, apparently, the
officials’; or ‘We see yield insurance as a special form of government support for
farm production’ (Article 2009).

As Chaika and Stadnik noted, ‘The flaw in the mechanism by which insurance
participants interact to obtain government subsidies creates a huge sham market
for government-supported harvest insurance’ (Chaika and Stadnik 2008). In the
opinion of executives at the RF Ministry of Agriculture, these schemes soak up
almost 90% of government subsidies, which is bad for themarket (Shestakova 2014).
Therefore, a nudge from a federal branchwas transformed by themotives and goals of
decision-makers, and actual economic conditions rendered a formal rule ineffective
and ‘shifted’ the goal. New rules for calculating subsidies and requirements for
insurance organizations that limit sham schemes have now been introduced. These
steps involve the following changes: to receive support, a producer must conclude a
farm insurance contract, and pay 50% of the insurance premium. The balance will
be paid directly to the underwriter out of the appropriate budget based on the farm
producer’s application.3 This step diminishes the farmers’ heavy financial burden
during the planting season. The problem of the frequency of ‘grey schemes’ must be
resolved through the establishment of a professional underwriters’ association,whose
members must have a certain amount of authorized capital, a farm insurance licence,
and a reliability rating (Sushkov and Petrova 2013). The institution of agricultural
insurance in Russia is still in its infancy. The implementation of formal rules will
have a genuine positive impact on farm production as an effective risk management
mechanism only as the insurance mechanism is refined, and positive practice of the
influence of crop insurance on farm producers’ results is gained.

33.3 Conclusion

Russia’smarket system is characterized by labour, capital, and landmarkets that have
not fully formed yet (Goretov 2010; Maksimov 2011; Martynov 2014). The agricul-
tural economy is being transformed by the gradual degeneration of the institutional
environment. Old institutions are changing; their movement from the macro- to the
meso- and micro- level as they are adopted by the society is leading to the creation
of new informal rules that initially alter the assigned function of the institution. The

3Per art. 3 of Federal Law N 260-FZ dated 25 July 2001 ‘On Government Support in the Area of
Farm Insurance’ and amendments to the Federal Law ‘On the Development of Agriculture’.
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marked centralization of the governance system, the consolidation of basic functions
and legislative initiative on the federal level, federal authorities’ lack of awareness
of the functioning of production processes on the level of a federation constituent,
and specific regional features are resulting in the creation of macro-methods4 for
solving problems of farm production. They are not fully aligned with capabilities for
their implementation in the real economy. The adoption of new formal rules and of
market conditions involves the formation of a new ‘owner’s mentality’ which will
take several decades.
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Chapter 34
Changes in the Educational System
and Cross-Sectoral Co-operation

A. M. Sergienko and O. A. Snegireva

Abstract Wepresent the results of the analysis of changes in the education systemof
the Altai region. The shifts in the structure of education of the population and its rural
part were analysed in comparison with Altai region with the regions of Siberia and
Russia as a whole. Changes in development of the educational institutions network
and in the rural population perception the quality and accessibility of education as a
social problem of rural areas development and social exclusion were discussed. The
authors identified features of the impact of education on employment and migration
of rural young people as well as the conditions of their re-migration after higher
education receiving in the cities. We concluded an increased relevance of education
to improve the social position of rural residents and to ensure sustainable socio-
economic development of rural areas and the region. The authors identified ways
of improving the educational policy for reducing the migration of rural youth. The
findings based on data from nationwide surveys of 2002 and 2010 and other statistical
data of Rosstat as well as on data of sociological surveys of the rural population and
mass media of Altai Krai.
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34.1 Results and Discussion

34.1.1 Shifts in the Level of Education of the Population

Changes in its structure towards higher levels of education attest to the growth in
significance of education in society and the development of tendencies to form a
“knowledge society”. In the Altai Krai, just as in Russia in general, these tendencies
have clearlymanifested themselves in the newmillennium. They are the consequence
of trends laid down in the preceding decades. Thus, according to data from the
all-Russian censuses of 2002 and 2010, the level of education in the Krai grew
considerably. The portion of the population (aged 15 and above) with a professional
education did not grow very substantially (from 56.5 to 58.7%). However, there was
a cardinal change in its structure focusing on the growth rates. While the share of
the population with primary professional education contracted significantly (more
than half), the share of residents with incomplete higher and secondary professional
education grew slightly. The share of residents in rural areas with higher education,
however, had a growth rate of 54% (Table 34.1). There was a noticeable reduction in
the share of the population with basic general and primary education. The share of
the illiterate population was cut by half (from 1 to 0.5%), and the share of children
in preschool education grew slightly (from 54.8 to 63.5%).

Among the rural population of the Krai, the trends in changes to the structure
of professional education during the period between the censuses were very com-
parable, although the contraction in the portion of rural inhabitants with primary
professional education was slightly less widespread than was generally true in the
Krai (Table 34.1). Illiteracy among rural residents contracted from 1.6 to 0.9%.

Table 34.1 Characteristics of the professional education of the population of theAltaiKrai (accord-
ing to data from the all-Russian censuses of 2002 and 2010), %

Census of 2002 Census of 2010

Entire
population

Rural
population

Entire
population

Rural
population

Higher and
postgraduate
education

12.3 7.4 10.5 11.4

Incomplete
higher and
secondary
professional
education

28.5 23.7 34.0 28.9

Primary
professional
education

15.7 18.9 7.4 10.0
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Fig. 34.1 Structure of rural youth of the Altai Krai per level of education, % (according to data
from the censuses of the population in 2002 and 2010)

Table 34.2 Characteristics of the education of rural youth of the Altai Krai, regions of the Siberian
Federal District and Russia in general (according to data from the all-Russian censuses of 2002 and
2010), %

Census of 2002 Census of 2010

Altai
Krai

Siberian
Federal
District

Russia Altai
Krai

Siberian
Federal
District

Russia

Higher
education

4.4 3.9 5.2 9.4 8.6 11.4

Secondary
professional
education

18.1 16.7 18.7 21.8 21.0 22.4

Elementary
professional
education

18.9 15.6 15.3 10.8 9.0 15.3

The chance in the level of rural youth was more significant (Fig. 34.1). According
to the census of 2010, it was higher than the respective indicator in the regions of the
Siberian Federal District, but lower than average for Russia as a whole (Table 34.2).
The percentage of rural youths having a professional education constitutes almost
half, and this growth has come about due to higher and secondary professional
education. The relative portion of rural youths with higher education more than
doubled (almost 10%).
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Table 34.3 Educational structure of rural and urban youth, of the able-bodied rural population of
working age from 30 and higher in the Altai Krai (according to data of the all-Russian censuses of
the population of 2002 and 2010), %

Level of
education

Census of 2002 Census of 2010

Rural
youth

Urban
youth

Rural
residents
of working
age, 30+

Rural
youth

Urban
youth

Rural
residents
of working
age, 30+

Higher
education

4.4 11.7 10.4 9.4 20.7 11.6

Secondary
profes-
sional
education

18.1 22.5 31.8 21.8 24.8 32.9

Elementary
profes-
sional
education

18.9 12.0 25.8 10.8 5.2 12.8

Secondary
general
education

22.3 29.6 18.7 24.0 22.8 26.5

In the level of education among the rural youth of the Krai is noticeably lagging
behind the rural residents of working age and urban youth, especially in terms of
higher education (about half the share of urban youth). In professional education,
overall, the lag is by almost one and a half times (Table 34.3). For the period between
censuses, the distinction in terms of level of education of rural youth compared to
older rural residents was reduced, while their lagging behind urban youth became
still greater (in terms of professional education—by 1.5 times).

34.1.2 Changes in the Development of the Network
of Educational Institutions

Since the beginning of the millennium, in the Altai Krai there have been significant
changes in the network of educational institutions, above all through the restructuring
of the general education institutions. According to data from Rosstat, from 2000 to
2015 the number of general education institutions lowered by one-third—from 1598
to 1045. However, 105 affiliates were created. The main part of general education
institutions comprises institutions in rural areas (79.8% in 2015). One of the drivers
in the reduction in general education institutions is the decline in the numbers of res-
idents of the Krai, and especially of the rural population, together with the reduction
in the number of rural settlements. Consequently, the average number of students in
general education institutions increased slightly (from 238 to 241).
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In rural areas, the most important indicator of steady social development of the
countryside is the presence of a school in a settlement; its crisis state or liquida-
tion attests to destructive social processes. The steady reduction in the number of
schools and other general education institutions since the beginning of reforms and
of the number of those pupils and students indicate the demographic crisis of the
contemporary countryside. The introduction of governmental measures to raise the
birth rates (among them the institution of maternal capital is especially important),
and the support of socio-economic development of rural settlements has not changed
this trend, yet. The most significant contraction occurred in the first half of the first
decade in the new millennium when every year the rural settlements “lost” almost
nine students per 10,000 inhabitants. To a large extent, as a result of the state policy
of optimising educational services from 2005 to 2014 inclusively, the number of rural
general educational institutions in the Altai Krai contracted almost one and a half
times, and the number of students declined by 21% (Table 34.4).

34.1.3 Quality and Accessibility of Education as a Problem
of Social Development of the Rural Settlements
and Social Exclusion of Residents

The results of sample surveys of rural residents of the Altai Krai in 2008, 2011 and
2013 show that the decline in quality and accessibility of education are among the first
of ten social challenges the countryside faces (Fig. 34.2) (Sustainable development,
2013). In 2013, 13% of rural residents ranked them among the most acute social
problems.

Territorial or material inaccessibility of school education is the most important
indicator of social exclusion of those living in rural areas (Sergienko et al. 2014).
According to data from a poll taken in 2011, more than 70% of rural residents
having school-age children had material problems with accessibility to education.
The forms by which inaccessibility manifests itself were inability due to poverty to
provide school reading and writing implements and textbooks (this affected 24% of
those having school-age children, every third of the underprivileged), to pay for their
meals in school (17% of the underprivileged), other evident problems of bad general
operational and sanitary conditions in the school (heating, condition of the building,
organisation of meals). Due to the lack of means, children of nearly every fifth rural
family (and 29% of the underprivileged) could not continue studying after the end
of secondary school. In every ninth or tenth case, insufficient technical equipment of
the school was an obstacle (computers, access to the internet, textbooks, etc.), along
with the low quality of instruction, all of which deprived students of the chance
to successfully pass the Unified State School Exams and so to participate in the
competition to enter institutions of higher learning. Only around 30% of those living
in rural areas and having school-age children said therewere no problemswith school
education.
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Despite the development of preschool education and the increase in the number
of preschool educational institutions and places in them (Table 34.4), there is still
insufficient provision of such establishments for preschool children. According to
a 2011 poll, due to lack of preschool institutions in rural settlements or shortage
of places in them, as well as inability to provide children with clothing and shoes
as well as pay for their stay in kindergartens, the children of 46% of people living
in rural areas (and having school-age children) did not go to kindergartens. Social
exclusion from preschool education for children from among the underprivileged

Table 34.4 Number of educational institutions and their coverage of rural areas of the Altai Krai
during the years 2005–2014

2005 2008 2009 2010 2011 2012 2013 2014

General
educa-
tional
institu-
tions,
units
(affili-
ates)

1255 1099/82 1031/84 992/58 971/52 943/56 903/79 874/92

Students
in
general
educa-
tional
institu-
tions,
individ-
uals

137,913 120,002 118,028 116,268 115,885 114,709 112,914 113,553

Preschool
educa-
tional
organi-
sations,
units
(affili-
ates)

560 548/14 547/16 543/11 551/9 564/10 569/11 579/3

Number
of
children
in
preschool
educa-
tional
organi-
sations,
‘000
persons

24.9 33.8 34 33.9 35 37.5 39.7 41.6
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families reached 77%, and among the leading reasons were lack of places and means
to cover their staying in kindergartens.

34.1.4 The Influence of Education on Employment
and Migration

Pavis et al. (2000) as well as other researchers state that the level of education
attained is an important factor, not only for choosing the type of employment of
rural youths but also for forming the attitude to the local community and to rural
life as a whole. According to data of the 2002 and 2010 censuses, there was an
increase in the percentage of rural youths engaged in the economy when they have
a professional preparation (to 60%), as well as those with secondary and higher
professional education (to 28 and 14%, respectively) (Table 34.5). Analysis of the
results of a poll of the rural population in Altai Krai in 2011 shows that the higher the
level of education of those living in rural areas, the higher the level of employment and
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Fig. 34.2 Evaluation by people living in rural areas of the most acute social problems in the
development of the rural settlement in 2002, 2008 and 2013 (% of all aggregate respondents)
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Table 34.5 Educational structure of those rural and city youths engaged in the economy, of rural
able-bodied population ready to work aged 30+ in the Altai Krai (according to data from the
all-Russian census of the population of 2002 and 2010), %

Educational
level

2002 census 2010 census

Rural
youths

City
youths

Rural
working-
age people
30+

Rural
youths

City
youths

Rural
working-
age people
aged 30 +

With
higher
education

7.6 20.2 12.9 14.0 31.4 14.4

With
secondary
profes-
sional
education

24.9 33.3 33.9 28.1 32.7 33.5

With
elementary
profes-
sional
education

24.3 16.4 25.3 12.9 6.0 12.8

With
secondary
general
education

20.8 16.7 18.0 22.8 14.8 24.4

With
elementary
general
education

16.7 14.7 6.8 4.3 7.0 10.9

economic activity. Among the rural unemployed, we see clearly a higher percentage
of people with less than secondary general education (26% versus 8% among those
employed).

Education largely is becoming a social ladder, which ensures access to high-
quality jobs. From an interview with a young entrepreneur in 2015, settlement of
Novye Zori, Pavlovsky district: “Up to the moment of completing my programme
of higher education, I already decided that I would continue to live in my rural
settlement, and I began to think about various ways of finding employment. I settled
on the idea of opening up my own business. In the employment centre, they made
available a small amount of money. I opened a bakery. The main thing is not to sit
with your arms folded and do nothing”. From the start of the new millennium, there
was an increase in the differentiation among rural youths having various levels of
education according to the status and sphere of employment. In the sectors of the
social sphere, there was a greater concentration of young rural people having higher
education, while in agriculture, on the contrary, were those with lower educational
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attainments. Among young people without professional education, there were more
engaged in agriculture, as well as more unemployed and housewives.

A determination to raise their level of education is one of the most widespread
reasons for the migration attitude of rural youths. According to data from sample
polls, the significance of this reason is growing. In 2011, this was characteristic
for almost every tenth young person living in rural areas. This is encouraged by
the worsening situation with accessibility and quality of professional education in
the rural areas of the Krai, all of which leads to rising problems finding qualified
personnel. Thus, precisely the closure of a professional school becomes the cause of
an outflow of young people from rural settlements. From the materials of the article
“The calculation in favour of optimists” in the newspaper “Altaiskaya Niva”, No. 48
(459) 8–14 December 2011: “This year a new cause for the outflow of young people
from the district (Ust-Pristansky) was the closure of professional school No. 59. We
will begin to feel the consequences of this in three—four years… Previously from
all the settlements of the district young people flowed into the school, got married
and settled down in the rural settlements. A third of the working population of the
district surely passed through this route”. In the words of the leader of one of the
agriculture cooperatives, “we must stop the mass outflow of young people from the
rural settlements. Already there is no clear picture of who will be working in the
fields in 5-10 years. However, this problem requires a multi-faceted solution from
the state—the businesses by themselves do not have sufficient strength to deal with
this question”.

Polls of leaders of businesses in 2008, 2011 and 2013 showed that in most busi-
nesses, there was a shortage of staff, primarily qualified staff, and the acuteness of
the problem was growing. In connection with the changed situation in the labour
market, there has been a change in the evaluation of the quality of workers. If in
2008 heads of companies mostly worried about lack of discipline among workers,
drunkenness, indifference to work and their inclination to steal, by contrast in 2013
the first challenge was the low level of professional preparation of workers. This
was one of the factors for change in the personnel policy of businesses. Whereas in
2008 the personnel policy was built on principles of holding onto existing staff and
sorting out those who did not abuse alcohol, five years later apart from the wish to
have permanent staff, many heads of businesses prioritised higher qualifications at
company expense and incentivising workers.

Meanwhile, the presence of appropriate employment and compensation for labour
in rural areas helps ensure that a significant per cent of rural youths consciously rejects
raising their education in the cities: “I didn’t go anywhere to study after finishing
school, although they told me that you have to receive a professional education.
However, that wasn’t for me. I stayed at home for a long time, then I found steady
work and made some money in various places… Finally I took a job guarding the
forest; there no special education is needed” (from an interviewwith a young worker
in theCheremnovsky forestry company,Komsomolsky settlement, Pavlovsky district
in 2015). “I finished 9th grade in school and did not want to study any more. I went
to do milking on a farm. That’s all I need, and I don’t want anything else. I, for
example, earn 30 thousand a month” (from an interview with Sergey K, operator
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of a milking machine at CJSC SKhP “Urozhainoye” in the Sovetsk district—the
“Altaiskaya niva” newspaper, No. 8 (572) 6–12 March 2014).

A propitious factor restraining the migration outflow of rural youths is the devel-
opment of distance learning in rural areas. From an interview with a young worker
in the rural administration in 2015, the Smolenskoye settlement, Smolensky district:
“I have been working for several years in the finance committee. When there was a
prospect of a promotion, they told me that I must receive a higher education. It’s fine
that one can get it by distance learning, otherwise I would have to turn down this
idea, because you are not going to go to the city during the session”.

The results of focus group research on rural youths who are studying in the insti-
tutions of higher learning in Barnaul (2016) show that the most powerful condition
for their return migration to the countryside after studies is, above all, the possibility
to find work. Although without a doubt you have to take into account the whole
complex of conditions of vital activities of rural youth, including the characteristics
of housing being available and its quality, the development of the social infrastruc-
ture, the availability of regular transportation services and roads of good quality
linking the rural settlements to the nearest large- or medium-sized cities. From an
interviewwith a temporarily unemployed woman in 2015, Komsomolsky settlement,
Pavlovsky district: “After completing the pedagogical college, I returned tomy native
rural settlement, but I did not succeed in getting a job in the local school, and I don’t
want to go work in an agricultural enterprise ‘for a few cents.’ Therefore, I will
have to go to the city and find work in my specialty. My parents have promised to
help me pay the rent for housing […]”. To resume only young people living in large
settlements with gas connections, district centres seriously consider returning after a
further step in their education. The focus groups showed that the overall potential for
return migration constitutes less than 5–10%. It rises steeply if the aforementioned
conditions are given—to 30–50%.

34.2 Conclusion

The relevance of education for improving the social status of people and ensuring
steady socio-economic development of rural communities and the region has grown
substantially. This results from the analysis of socio-economic shifts since the begin-
ning of the new millennium in the level of education, accessibility of educational
services and influence of education on employment and other related spheres of vital
activity of the rural population and residents of the Altai Krai. An area especially
important for the improvement of government policy in the field of education in
order to reduce the permanent out-migration of young people is the development of
professional orientation. This should raise the accessibility and stimulate people to
get a professional education. It should include distance learning, targeted education
of young specialists, implementation of a system of municipal order for preparation
of staff taking into account the needs of local labour markets and facilitating job
placement of graduates of institutions of higher learning in the specialties obtained.
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Chapter 35
Scenarios for Regional Development
in the Altai Krai and Long-Term Trends
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Abstract This study detects and describes a specific set of possible alternatives to
local rural development, as exemplified in Altai Krai’s Kulunda steppe that can be
implemented in a number of so-called analytical scenarios that the authors substan-
tiate. The first scenario, which involves the natural deterioration of the settlement
milieu of Kulunda steppe communities, has already begun and, in the authors’ opin-
ion, is being aided by the state’s inarticulate agrarian policy and the nature of the
agricultural market. However, under certain conditions, the authors concede that it
might be displaced by a second scenario, which leads to a transformation of Altai
Krai’s Kulunda steppe into an area with high-tech farming and processing enclaves
that dominate the backward rural district, which is distinguished by unsustainable,
inert and intermittent development that allows for only fragmentary modernization.
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The authors believe that the third scenario—the overall sustainable socio-economic
development of this area based on a policy of ‘manageable contraction’ and ‘diver-
sified development’ would be the most desirable.

Keywords Agricultural market · Agricultural policy · Economic diversification ·
High-tech farming ·Modernization · Rural development · Socio-economic
development

35.1 Scenarios for Regional Development in the Altai Krai

The territories of the Kulunda steppe in the Altai Krai are defined not only by their
unique natural climatic conditions that enable a large range of agrarian products,
but also by the wealth of their social capital, accumulated from various migration
waves that have formed the actual settlement since the eighteenth century. Thus, this
area is currently inhabited by the descendants of migrant peasants, who moved here
from the Central European part of former Russia after the Emancipation Reform of
1861 and the Stolypin agrarian reform of 1906–1910. It is also the home of migrants,
who came to this region following the experiments in intensive virgin land farming
conducted by the Soviet government. One can expect such a socio-economic mixture
having an effect on local or regional attitudes, as the communities repeatedly had
to cope with the introduction of new regimes of rural production, technologies and
national as well as societal frameworks. As research has shown, the population as a
whole is positively preset about technical innovation and acquisition of new skills.
There is no noticeable distance-dependent gradient of innovation from the centre
Barnaul to the geographical margins of the region. Even in regions remote from the
district centre, sometimes up to 500 km away, the locals are active Internet users,
enjoy the latest technical developments andmake use of state-of-the-art technologies
in their economic activity.

Given the wealth of both natural and socio-economic potential, the future devel-
opment of rural territories of the Kulunda steppe may take different directions that
are not always obvious. Some trends in this development have been presented in
previous chapters. The basic findings of the interdisciplinary research are

– a long-term trend to degrade the potential of the natural environment, especially
soils, through inadequate technologies of agricultural production;

– a position of the regional agrarian production system which is still coined by
the struggle against the consequences of undocking from the national economic
system and at the same time increasing dependencies in national interrelations;

– migration flows of especially young people, who leave the rural areas for obtaining
professional of higher education but do not return, even if they had planned to do
so, due to a lack of perspectives for adequate professional opportunities and the
low standards of local infrastructures;
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– the long-term trend to reduce the number of employees in agriculture due to the
pressure to increase productivity and further development of technology.

This sub-chapter translates and extrapolates these framing conditions into three
scenarios of regional development, taking into consideration possibly discouraging
as well as encouraging configurations, in order to inspire experts as well as a broader
public to discuss on a desirable future of their region.

35.2 Scenario 1: Uncontrolled Contraction
of the Settlement Milieu in Rural Communities

Socio-economic research carried out in the ‘Kulunda’ project showed that a signif-
icant number of respondents living in the territory of the Kulunda steppe believe
that many of the small- and medium-sized rural communities in this area have no
future. They express both concern and a gloomy conviction in the lack of prospects
for such communities. They back such perception with examples of Kulunda pop-
ulation dwindling, if not disappearing altogether (‘small villages here will die out’,
‘villages have no future’ and ‘you open a newspaper these days and all you see is
people selling their houses’).

R.:Mikhailovkawill soonbe a village of pensioners. It’s all very sad […]OurPeople are, after
all, our wealth. Who would stay in the village with neither a school, nor a kindergarten? No-
one, that’swho!The village is the capillaries that feed all ofRussia. (AltaiKrai,Mikhailovsky
district, village of Mikhailovskoe, local resident, August, 2013)

The villagers’ pessimistic outlook ranges from extremely to moderately discour-
aging. Their perceptions of the problem contain more or less severely the following
elements: the regional emigration of young people because of a lack of adequate
labour, the crumbling of infrastructures (mainly education and culture) and the break-
down of what one might call local communities.

It should be noted that local residents according to their perception of the actual
processes consider an unabated contraction of the settlement milieu, quite likely to
occur. Furthermore, they see not only people leaving the area and whole villages
disappearing, but that something worse will happen: the ‘capillaries that feed’ other
regions will decompose. Here, in our understanding, respondents refer to what can
be described as ‘milieu’: a medium, which represents statement for the fundamental
functioning of a society and the key processes currently unfolding in these regions.

The specific concept of the milieu, we apply here, was developed by the historian,
philosopher and one of the founders of the French structuralism school, Michel
Foucault, in the late 1970s. Milieu, then, is the medium of action and the element in
which action circulates. It is, therefore, the problem of circulation and causality that
is at stake (Foucault 2007, 2021).

In other words, any kind of social environment is not an independent element of a
system. It is the medium, which ensures a specific way of ‘circulation’ of cause-and-
effect links focused through it. According to Foucault, the milieu becomes a field
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of intervention in which the only actor with any influence is the population and not
the totality of any legal subjects or the many individuals subservient to a particular
discipline.By ‘population’, hemeans amultiplicity of individualswho fundamentally
and essentially only exist biologically bound to thematerialitywithinwhich they live.
‘I mean a multiplicity of individuals who fundamentally and essentially only exist
biologically bound to the materiality within which they live’ (Foucault 2007, p. 21).
Therefore, according to Foucault, the only purpose of this milieu is the unification
of a whole range of individually caused events, population groups and surrounding
quasi-natural phenomena.

A sequential comparison of maps from Soviet times, showing administrative and
economic classification and sizes of settlements and infrastructural facilities (e.g.
irrigation systems), with today’s situation, as shown in satellite images (cf. Chaps. 1
and 2), gives insight to the spatial consequences of such complex processes like
economic and social ‘shrinking’. Many indicators stand for the startling degradation
and deterioration of the rural Kulunda landscape: the increasingly sparse and frag-
mentary nature of the forest belts neglected and partly ruined of irrigation systems
and especially the substantial reduction in the number of small rural communities.
Respondents from Tabunsky and Mikhailovsky regions, for example, have predicted
the final disappearance of their settlements in the next 15 years or so.

R.: We’re left with one bus to the regional centre per day, and the inter-district bus commute
covers 23 populated areas, apart from the Naumovka village. We called for proposals from
passenger carriers but received none because the route is unprofitable. (Altai Krai, Uglovsky
district, village of XX, chairman of the committee for the economy and property relations
of the district administration, September, 2015)

Most respondents assume that the rural settlement milieu in the Kulunda steppe
will not disappear but the situation in the rural locality will deteriorate through the
unpredictable nature of the socio-economic environment. Many farmers and munic-
ipal officials among our respondents emphasized that they neither see a coherent
agricultural policy from the government nor predictable signs for development from
the market. In these conditions, they stressed, the drift to other regions and cities will
continue, mostly by the active and able-bodied rural population from Kulunda. This
conforms to the findings from studies on the development of income in Kulunda.
In the ranking for average wages, the area has the lowest position. Even taking into
account the influence of the social policy, the redistributive processes in the socio-
economic sphere, new chances of the economy developing in the agrarian districts
linked to the policy of import substitution and the stimulating effect of innovations,
planning a living is at risk for many young people, especially families who want to
stay in the region.

As a result, Kulunda will shrink in an unpredictable and chaotic manner in terms
of both the population and agricultural output.

R.: The population works on their own household plots. They keep cattle, milk cows, sell
milk and the young animals are butchered for beef. There are many pensioners, and even
those who are not can ask a much simpler question: how do they live? Some of the young
people go north to work in rotations [i.e. long term shifts in oil and gas industries]. We have
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those. And the rest? (Altai Krai, Mikhailovsky district, village of Nikolaevka, assistant head
of a farming business, September, 2015)

R.: Many young people, of course, leave. I don’t see any recent school-leavers working in
agriculture. Among those of the earlier years, there are some youngsters aged 30–35. They
are the ones who could not continue their education after leaving school for whatever reason,
and so stayed on here. But they don’t have any prospects here […] Three years ago they even
closed the Altai State University campus here inMikhailovka […] (Altai Krai, Mikhailovsky
district, village of Nikolaevka, local resident, September, 2015)

What respondents describe here is the central position of migration processes for
regional development. The decision of young people to leave the region is crucial
insofar as they are the only ones who have emotional roots and a feeling of ‘home’
connected with the Kulunda steppe.

There is, of course, a historical perspective on processes of societal and economic
transformation,which found this scenario as a kind of historical counter-development
to the intensive in-migration of large numbers of people and enterprises into the
Kulunda steppe in the late 1960s. While the state-run economy could afford to fund
such experiments society and politics today, consider the ‘shrinking’ of the region
a quasi-natural process. It is the consequence of the radical system change with the
disintegration of agrarian production units in the region and the disconnection of the
region from the national production system. Migration then is the result among the
population, especially if among young people a discourse becomes self-evident and
dominant, that for them there will be no alternative to emigration. There is no halt
to this decline of the cultural and social landscape, which will experience very harsh
deterioration for the next decades until the system will have reached a new low-level
equilibrium of production, infrastructure and population density.

35.3 Scenario 2: Transforming the Rural Locality Through
Economic Development

Scenario 2 points out that the development of scenario 1 might unfold less dramati-
cally if regional policy and rural society succeed in creatinggrass-root and small-scale
economy in the non-agrarian or in the agro-oriented sector. Respondents, including
representatives of the district and municipal authorities, business and ordinary res-
idents, forecast a low-key and slow development of rural territories in the Kulunda
steppe in the near future. To this goal, a general idea is to mitigate and stop decay
with the help of a structural transformation, mainly diversification, starting with
small-scale business, which is based on local and trans-local demand for goods and
services. One origin for such a vision is the socio-economic development strategy
of the Altai Krai as conceptualized in the regional Action Plan for 2025. Some fun-
damental impulses for a sustained turnaround should stem from socially oriented
non-commercial organizations (hereinafter SONCO). They are considered equipped
with ‘significant potential […] for the active use of the resources of civil society in
solving the problems of the Altai Krai community’ (cf. Action Plan 2015, p. 61).
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Such actions are intended to ‘improve the institutional and infrastructural conditions’
and the milieu for the development of the SONCO sector in order to increase the
momentumof the socio-economic development of theAltaiKrai’ (ibidem: 62),which
then should foster further enhancements for conventional small- and medium-scale
business. Such further development is defined by many federal, regional and local
economic initiatives intended to modernize agrarian manufacturing and create new
employment possibilities. As a part of the measures to create conditions for stable
economic growth, the Strategy for socio-economic development of the Altai Krai by
2025 envisions the share of small business production increasing. Its contribution
to the general volume of gross regional product should grow from 17.5% (2014) to
20% in 2017, and up to 30% in 2025 (see: Action plan 2015, p. 70).

Respondents sometimes doubted the efficiency of such, especially supra-regional
programmes, memorizing that, with the launch of national projects, e.g. they did
have to become involved in dairy farming or support farmers new to the business
and private household plots, or create their own personal business initiatives such
as new farming enterprises. However, most of these undertakings, in the opinion
of the respondents, did not have the desired effect, as earmarked funds were often
wasted and local changes and reforms were not completed. For instance, in national
agricultural projects programmes, substantial resourceswere allocated to create large
livestock complexes both in the Altai Krai and the Kulunda steppe. To this day, many
of these complexes have not delivered the expected results and some have gone
out of business. Farming enterprises and household farming plots, with one or two
exceptions, have not delivered steady results either, remaining at their previous level
or even scaling down.

Part of this low-key development could be the touristic sector (see box Dirin
et al.: Opportunities for Economic Diversification…). How high hoping vision may
be: the transport and touristic infrastructure within the region is weak and there
is no experience in regional competition with a traditional touristic region like the
neighbouring Altai Mountains. The problem of possibly contradicting touristic use
(touristic protection vs. touristic exploitation of natural resources) has to be taken
into account.

Other respondents attributed unstable development not to systematic but to frag-
mentary modernization of rural Kulunda. Their observations are that only very large
and successful agrarian enterprises, which are few and far between in Kulunda, can
afford to buy expensive hardware and state-of-the-art equipment. This trend contin-
uing they, despite the generally depressing background, foresee a scenario of frag-
mentary modernization. Spatially, they materialize in island-like territories, where
hi-tech agrarian and processing industries emerge.

In other words, the decline of public infrastructure and the constantly increasing
productivity of highly professional farming are two reactions on either side of the
same coin in this process. However, it is not given, that economic progress will
lead to a quantitatively increasing demand for labour, with a remarkably positive
impact onto the settlement system. It is very likely that the demand for other, new
and higher qualified workforce in agriculture will rise. As some of the necessary
structural precondition for further automatization in farming is very good in the
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Kulunda area, for the future, one can imagine a very sparsely populated agro-steppe
landscape to develop, with huge high-tech farms that get along with a minimum of
employees.

Examples from the regional development paradigm of ‘growth poles’ show that
enterprises, which themselves have risen under the paradigm of constant rational-
ization and automatization are not likely to create regional overspill effects in terms
of a constant demand for the further human workforce. Thus, the effects of such an
evolutionary path would not mitigate the existing type of settlement system and its
infrastructure. The potential for a positive impact on the existing cultural and eco-
nomic landscape is low. This type of regional economic specialization would rather
accelerate the decay of the actual settlement system and as such cannot be considered
‘sustainable’ from the social perspective.

Box Opportunities for Economic Diversification: Recreation
and Tourism
Dirin D.A., Krupochkin E. P., Rygalov E. V.

Tourism and recreation represent one opportunity for economic diversifica-
tion and improvement of public social services. These sectors are characterized
by rapid capital turnover and a significant multiplier effect. Although tourism
and recreation are not a traditional specialization for the Kulunda steppe, this
area has some potential for its development in the region.
1. Significant and Diverse Tourism and Recreation Resources. The primary

potential for the development of the tourism and recreation sector lies in
natural, cultural and historical features and conditions that define interest
in visiting the area for travel or recreation. The resource potential for the
development of tourism and recreation in the Kulunda steppe is seen in
several aspects.

– The climate is characterized by Siberia’s highest solar radiation and a
high number of sunny days per year. This provides good opportunities
for climate therapy.

– The area has several hundred large lakes, which are ideal for a beach
vacation and the development of water sports and activities. It has both
fresh and salt water bodies, many of which have reserves of therapeutic
muds. Salt water and salt also have a therapeutic effect.

– Some areas have preserved unique natural landscapes, which can be the
basis for the development of eco- and science tourism. They include relic
pine forests and wetlands that are part of the global routes of migratory
birds. The rich bio resources of this area define its high potential for the
development of hunting and fishing tourism.

– The area’s ethno-cultural areas and specific cultural ranges of Russian,
German, Ukrainian and Kazakh populations are the basis for cultural,
educational and ethnographic tourism.
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2. An advantageous economic and geographic position and infrastructure
development. Kulunda’s geographic location and existing transport infras-
tructure can serve as a base for the development of tourism and recreation.
There are rail and air connections with the densely populated districts
of Altai Krai, Novosibirsk Region and East Kazakhstan. Within a 400-
km radius of the centre of Kulunda steppe are about 4.5 million people
and the cities of Slavgorod, Yarovoye, Rubtsovsk, Kamen-na-Obi, Bar-
naul, Novoaltaisk, Novosibirsk, Iskitim, Berdsk, Pavlodar, Semei, Ust-
Kamenogorsk and others.

3. Positive social milieu. Kulunda’s social milieu, with its political stability,
low crime rate and tolerance of outsiders, promotes the development of
tourism. Common attitude towards the development of tourism and the
readiness to work in this business is very positive among the inhabitants of
villages in the Kulunda steppe.
In an evaluation of Kulunda steppes touristic potential, eight potential clus-

ters with three major specializations could be identified (Fig. 35.1).

35.4 Scenario 3: Sustainable Socio-Economic Development
of Territories

Among the wide spectrum of answers to our question about the future of the Kulunda
area, and among the opinions expressed freely in group discussions or dialogues, a
third evolutionary line can be identified. Remarkably, experts from the Altai Krai’s
administration as well as local experts, officers as well as entrepreneurs, and inhab-
itants of the villages formulate visions, which complement each other about the
management of the current decline and allow for a diversified development of the
region.

R.:Weare currently adoptingprogrammes for the sustainable development of rural territories.
Certain units are defined within it, for example the social sphere, the communal sphere, and
cultural sphere in some extent. These programmes must be implemented in the village. But
these spheres will not be needed if the rural locality is depopulated, and that’s why first and
foremost measures must be taken to improve employment in the village. If there is no work,
then there won’t be anyone to use these systems, including communal amenities, healthcare
facilities, and schools. Employment is one of the most urgent problems in the district. (Altai
Krai, Uglovsky district, village of XX, chairman of the committee for the economy and
property relations of the district administration, September, 2015)

R.: We are implementing programmes for sustainable social development of the village and
the sustainable development of rural territories. 6 or 7 young doctors have received support
under these programmes over the past few years. They come from Rubtsovsk or Barnaul
because they get a million as relocation expenses. He receives an apartment for five years,
or buys one with that million, and after five years he can move somewhere else or stay here.



35 Scenarios for Regional Development in the Altai Krai … 477

Fig. 35.1 Exoskeleton of the regional tourism and recreation system of the Kulunda steppe. Source
Dirin et al. (2014)

(Altai Krai, Uglovsky district, village of XX, deputy chairman of the committee for agrarian
issues and environmental protection of the district administration, September, 2015)

The strong in-migration in order to cultivate new land and to contribute to the
national wealth remains in the collective sense of self among many inhabitants of
the Kulunda steppe, even today. The change in the economic paradigm in the late
1980s and early 1990s and the definition of new development priorities put the most
achievements of the past decades at stake. Most rural territories, however, retain
some inner strength, which allows them to preserve some collective vitality, despite
the experience of young people drifting to the cities, infrastructure collapsing and
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mono-specialization of big businesses, setting free workforce. However, the situation
began to change for the worse after the recession of 2008.

Nonetheless, Kulunda respondents stress the will of workforce, which has been
set free, to stay in the region and to engage in a local business. They estimate such
behaviour a social resource to be employed for a diversified development of Kulunda.

Diversified development is usually understood as the expansion of various spheres
of socio-economic activity associated with efforts aimed at a more balanced and
varied coexistence of agricultural sectors, including not only the monocultures of
the recent decades (wheat and sunflower) but also fodder crops that facilitate the
development of local livestock husbandry. In addition, the development of modern
dairy farming, poultry farming and sheep farming is seen as viable in the long term.
Finally, there is great potential in orientingmodern agriculture towards the production
of good-quality wholefood. The workforce that is freed from agricultural production
could be reassigned to those traditional local industrial sectors such as forestry and
timber industries. It could also shift to the sphere of recreational services and tourism,
as well as the development of the local social and transport infrastructure, which
would contribute to the greater integration of rural Kulunda with other regions of
the Russian Federation and former Soviet states, such as Kazakhstan. In addition,
the implementation of the sustainable diversified development scenario in the rural
territory of Kulunda is possible primarily in the context of a productive dialogue and
collaboration between the basic actors of this process: the local authorities, business
and broad population.

Kulunda is clearly an agricultural region and its fundamental agrarian focus is
predetermined for the next decades. At the same time, this region would gain sig-
nificantly from a modernization of the quite extensive agrarian and industrial legacy
of the Soviet period. On the other hand, opening up new opportunities to develop
the Kulunda countryside would be the cultural ‘greening’ of the pine forests, salt
water lakes and parts of the virgin steppes. Initial steps in this direction have been
taken with the establishment of comfortable recreation camps, increasingly built in
Kulunda’s places of natural beauty: on the borders of its forests, steppes and lakes
(cf. box Dirin/Krypochkin/Rigalov: ‘Diversification possibilities…’in this chapter).

Opportunities for a frequently spontaneous and informal professional reorien-
tation of the Kulunda population are expanding. Those who do not move to large
cities and rich regions try to learn new, occasionally rare, vocational skills for the
Kulunda steppe. An example is the development of professional competences among
local entrepreneurs and wageworkers. The steady development of the service indus-
try in the form of cafés and tourist leisure facilities in the Kulunda steppe in recent
years, which validates the importance of casual employment and economy, is hard
to grasp in the course of sociological research even through methods of participant
observation.

Another example is the foundation for diversified development of the Kulunda
steppe territory. It is tied to the forestry industry, for example, which has recently
become a factor in the integration of new technological changes, affecting primarily
processes associated with the cultivation of economically valuable species of trees.
An example of this is the commissioning in 2012 of a unique selective seed farm
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in the village of Bobrovka in Pervomaysky district for the cultivation of ball-rooted
planting stock. This technology reduces the cultivation term of nursery plants to from
24 to 12 months.

35.5 Conclusion

The interdisciplinary research project showed that Kulunda steppe in the Altai Krai
now is a peculiar laboratory of search of possible ways to sustainable development
of rural communities in a zone of droughty and risky agriculture. The area comprises
a wide variety of practices of rural existence—from depression and stagnation to
growth of social-economic and technical innovative activity. From the actual trends,
one can derive scenarios for future regional development, positive aswell as negative.
In our opinion, the main obstacle to rural innovative development is dissociation and
inconsistency of actions of the major institutional factors responsible for the social
stability of territories of this or that region. As a consequence, local communities,
households and the farmer enterprises often excluded from decision-making pro-
cesses in the social and economic life of municipalities and the region, or participate
in it only formally. We consider the development of measures that support the initia-
tives of local groups and communities and connect them with innovative solutions
and technologies crucial to promote positive development of the Kulunda zone of
Altai Krai.
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Chapter 36
Practices and Constraints of Further
Education of Farmers in the Kulunda
Steppe

V. N. Chizhov, N. A. Ryzhkova and P. Liebelt

Abstract Thegoal of theKulunda projectwas to generate innovative research results
to ensure a sustainable economic, social and ecological development of agriculture
in the Russian part of the Kulunda Steppe and in comparable regions as well. The
analysis of the agricultural development through interviews with experts and stake-
holders in the Altai Krai revealed a cyclical trend. Knowing its steering factors is
essential to influence this trend. Among those, humans and their capacities are cru-
cial, especially the professional education of the workforce. This chapter is firstly
focusing on opportunities to improve professional education and on problems to pro-
vide further education to the agricultural workforce in the area. Secondly, it outlines
respective findings of the Kulunda project and their implementation into the regional
training system for the workforce of the agro-industrial complex. Special emphasis
lies on the perspective of the Altai Institute for Advanced Training of Manager and
Specialists of the agro-industrial complex (AIPK).

Keywords Capacity building · Knowledge transfer · Professional growth ·
Vocational training · Professional education · Agricultural innovation ·
Stakeholder · Stakeholder network · Field day · Development of agriculture

36.1 Problem Description and Discussion

National or regional or micro-economic growth—of a small business, a transnational
corporation or an economic branch like agriculture in a country like Russia—largely
depends on the professional skills of its workforce. The quality of vocational training
and further education is the basis of professional development. Its goal is not only
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gaining knowledge in a specific profession but also developing skills to apply this
knowledge. Teaching the latest scientific results ensures the qualification and compe-
tency of professionals. Consequently, professional education in agriculture depends
on both, high-quality scientific publications created by scientists and practical expe-
rience of farmers. It requires access to current development in science, practice and
education. A well-educated agricultural workforce is the key to productivity and
innovation and, therefore, to economic growth in agriculture.

Russia’s agriculture changed inwaves during the past hundred years. Due to finan-
cial and political support, and economic reforms that supported effective research,
agricultural innovation, and improved professional development of the workforce,
Russia’s agricultural production increased and led to significant growth and technical
progress in some years. In contrast, economic instability and decline in economic
power resulted in decreasing knowledge transfer of new scientific developments,
less efficient agricultural production and impeded professional development of the
workforce (Kulik 2016).

Particularly, innovations are the most significant factor to ensure continuous per-
formance in the agricultural sector. Innovative development of Russia’s agriculture
is one of the most important ways to increase the welfare of the country, strengthen
its economy, increase its financial revenue and, most important, ensure the country’s
food security (Minselkhoz Rossii 2016).

The following factors are commonly considered as main components for an inno-
vative development of agricultural production (Fig. 36.1):

– new plant varieties and animal breeds
– new efficient land use technology
– high-performance machines and equipment
– timely and adequate financial support (investment).

Russia’s government has developed and implemented several programs to pro-
mote innovative activity in the agricultural sector. Most agronomists believe that
breeding, seed, breed livestock determines half of the success in agriculture; mech-
anization generates the other half. It is noteworthy that the workforce as a factor is
ignored (Nivy Rossii 2016).

A big part of seeds, animal breeds and technologies currently used in Russia’s
agriculture were imported from countries with a highly developed agricultural sector,
while the pace of Russia’s agricultural innovative development is still on a low level.
As noted in the interregional agronomical magazine ‘Fields of Russia’ unfortunately,

Fig. 36.1 Factors for innovation (Chart by Chizhov)



36 Practices and Constraints of Further Education of Farmers … 483

Fig. 36.2 Innovative development in agriculture (Chart by Chizhov)

we have not yet reached the food production level of 1990 [based on the results of
2015] (Nivy Rossii 2016, p. 49). At that time, the annual grain production amounted
to 117 million t in the RSFSR1 and more than 200 million t in the USSR. The
current grain yield is about 100 million t in the Federation. The output of milk and
dairy products was 389 kg per capita in 1990 and is now much less with 247 kg
per capita. Agricultural productivity is 6–9 times lower than in Western countries,
and the energy consumption is 2–3 times higher […]. Such data raise the question
about the causes of low agricultural productivity. Materials and technology utilized
in Russia’s agriculture today are much better than at the beginning of the 1990s.
Newer, far more productive varieties of plants and animal breeds are used. Agrarian
technologies evolved significantlywith increased financial support. As one reason for
the low productivity, despite all those investments, remains a lack of human capital
in Russia’s agriculture (Fig. 36.2). Insufficient training and little effort to improve the
qualification and competence of the workforce cause low innovative growth. Since
the collapse of the Soviet Union and Russia’s transition to a market economy, the
agrarian sector has lost 7.5 million workers and professionals. The annual loss of
agricultural production staff was between 400,000 and 450,000 people. People went
to businesses offering higherwages (Chizhov 2014). The human capital in agriculture
decreased sharply. Drasticmeasureswere required to remedy the situation and ensure
sustainable professional growth in the agro-industrial complex.
Main factors for professional growth in agriculture (Fig. 36.3)

– professional education (this is the basis for professional growth)
– innovation (based on scientific publications and the farmer’s own experiences)
– practical work (as a base for the implementation of acquired knowledge)
– analysis of work experience (the interpretation, continuous analysis and synthesis
of the farmer’s practical experience)

– training courses (activities of the educational institutions to increase competence
and further education of the workforce)

1Russian Soviet Federative Socialist Republic.
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Fig. 36.3 Factors for professional growth (Chart by Chizhov)

– providing consulting support to farmers (solve complex problems by applying
innovations).

The efficacy of above-mentioned factors depends on several individuals and orga-
nizational preconditions like the professionals

– motivation (target-oriented work to increase professionalism)
– possibility of self-realization (household, financial and social conditions of the
farmer) or are set by authorities and management of agricultural enterprises:

– state support (targeted programs, policy decisions, etc.)
– professional environment (the preconditions that promote the professional growth
of a farmer’s competitiveness, the support and assistance of colleagues).

These factors and preconditions raise the question of how they can be managed
to achieve sustained professional growth of the farmer. Our findings indicate that
scientific publications and education are themost influencing factors for professional
growth of farmers in the Kulunda Steppe.

A sustainable, high-quality education and the utilization of new scientific results
as well as other factors can lead to sustainable professional growth of agricultural
workers.
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Fig. 36.4 Development of sustainable professional growth/capacity building (Chart by Chizhov)

Figure 36.4 shows the most important factors for a successful capacity building
of the personnel in the agricultural sector. As many employers reported, Russia’s
agricultural education and its need for modernization are not the only important
factors for the workforce’s professional growth. The motivation of future farmers is
important, too.

Scientific results are insufficiently used in agriculture. Even in the Soviet era and
today, too, innovative research in the field of agricultural sciences has been conducted
worldwide. The application of international research results in Russia’s agriculture
could drastically improve the country’s land management practices but currently,
only 3–4% of farmers utilize this information. This raises the question of which
factors hinder the knowledge transfer to agricultural education.

The lack of knowledge transfer is caused by reasons like these:

– no clear concept for the transfer of scientific developments to the consumer
– educational institutions’ and agricultural producers’ lack of awareness and infor-
mation about the new scientific results/products

– farmers’ insufficient training to adopt scientific developments
– inability, or rather the uncertainty about how to implement these new products
– no attention is given (no motivation) by a large part of agricultural producers to
the application of scientific innovations (still waiting for someone trying to take
advantage of his experience)

– lack of the necessary preconditions for implementation by farmers
– no insurance protection for farmers for the implementation of innovations
– partially insufficient support to implement innovative scientific knowledge by agri-
cultural authorities.

There are no clear guidelines for the implementation of new scientific develop-
ments in the production process.
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The professional’s practice and analysis of experiences depend on several factors.
A lack of good education andmissing ability to understand new scientific findings are
the main hindrance for implementing new effective land management methods. The
farmers are also often afraid of innovations. Vocational training and agricultural con-
sultations at the beginning can help to overcome these barriers. However, to provide
this service, the educational institutionAIPK and agricultural consulting centres need
highly qualified professionals and access to scientific results including knowledge
about how to implement the results into the agricultural production process (system-
atic and prompt knowledge transfer). This is often not the case. The preconditions
for improving these above-mentioned factors are often insufficient. Employers often
do not have a professional environment to implement innovative agricultural meth-
ods. Accordingly, the workers’ motivation and the possibility of self-realization are
relatively low. The government does not always support the farmers in a timely and
sufficient manner. These are, perhaps, the main factors inhibiting innovative devel-
opment in Russia’s agriculture and sustained professional growth of its workforce.

Thus, sustainable professional growth of workers in agricultural production can
only be achieved by addressing the complex organizational tasks and by creating clear
guidelines for the knowledge transfer of scientific developments into production. The
AIPK is working to solve these tasks, among other things, by applying the scientific
results of the Kulunda project (www.kulunda.eu). But some of these problems cannot
be solved by project participants and staff of theAltai Institute for Advanced Training
ofManagers and Specialists of the agro-industrial complex (AIPK) alone and require
the involvement of authorities of the Altai territory, employers and the scientific and
educational community of the Altai Krai.

The Kulunda project’s goal was the development and implementation of innova-
tive land use strategies in the steppe part of the Altai Krai. The project is the basis
for building a development program in the field of crop production in the Kulunda
Steppe.

The Kulunda area includes 13 districts according to the zoning of the Altai ter-
ritory. About 2500 managers, professionals and farmers work in crop production.
During the Kulunda project, 1543 participants from the Kulunda area were educated
in training programs focused on the implementation of the project findings.

Figure 36.5 shows the participants’ shares by age and Fig. 36.6 displays the
shares by gender in the training programs (the participants originated from areas of
the Kulunda Steppe).

Figure 36.5 shows that 30% of the participants were between 30 and 39 years old.
26% of the participants were of the age between 50 and 59 and 23% between 40 and
49. The small share (3%) of young farmers under the age of 25 is noteworthy.

The majority (60%) of the participants in the AIPK’s training programs are male
due to still difficult conditions in agriculture (Fig. 36.6).

Regarding the education level, most participants are professionals with a sec-
ondary special education degree, which indicates a greater motivation for further
education of this group of farmers. Obviously, they want to work more efficiently.
The analysed period between 2012 and 2016 corresponds with the timeframe of the
Kulunda project. The analysis shows the project’s positive impact on the process of

http://www.kulunda.eu
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Fig. 36.5 Age structure of
participants in the AIPK’s
training programmes (Chart
by Ryzhkova)

Fig. 36.6 Share of men and
women in the AIPK’s
training programmes (Chart
by Ryzhkova)

further education of farmers. The inclusion of the project in the teaching process
motivated the participants and encouraged them to study.

Scientists of the Altai Krai, the AIPK and scientists from the Kulunda project
participated in the training program for agronomists. In 2015, the AIPK, in cooper-
ation with scientists from the Martin-Luther-Universität Halle-Wittenberg, offered a
seminar regarding the scientific modules of the project. Currently, information about
new adaptive agricultural technologies is in great demand and the AIPK’s consulting
service can provide targeted advice based on results of the Kulunda project. The
actuality and practicality of the project’s results allowed the AIPK to use this data to
organize and conduct field studies in the region. Farmers learned about soil fertility
preservation, implementing the knowledge into practice, and enhanced their skills.
They themselves were mostly interested in the topic of economic activity of agricul-
tural businesses based on resource-saving technologies. Using the project’s results
to improve the qualification of managers and professionals of the agro-industrial
complex allows developing knowledge and practical skills. Improving their meth-
ods and attitudes increases the labour resources in the area. The project’s results
help to promote sustained professional growth of the staff of agricultural enterprises
and farmers in the Kulunda area of the Altai territory. The increase of agriculture’s
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human capital based on the use of the Kulunda project’s results is an important out-
come for the implementation of the strategy of socio-economic development of the
Altai territory until 2025.

Such projects help to create an innovative environment in the region and to develop
the workforce of the agro-industrial complex. The establishment of an advisory and
management platformwithin theKulundaproject helps to promote understanding and
awareness for new ecological and economic strategies for sustainable development
of agriculture and thus supports the implementation of the project results (Rivera and
Sulaiman 2009).

Implementation of results and recommendations, generated in theKulunda project
at the regional level—in the Kulunda Steppe of the Altai Krai and beyond

This contribution focuses on possibilities for effective and target-oriented imple-
mentation of project findings and recommendations generated in the international
Kulunda project in the investigation area. In terms of content, the implementation
includes economic, ecological and social strategies for sustainable land use manage-
ment in Russian steppes. Specifically, it is about adapting the agrarian land use to
landscape conditions and climate change, reducing greenhouse gas emissions and
sustaining regional development in the Kulunda Steppe.

36.2 Processes of Implementation

The successful implementation of project findings strongly depends on the local/
regional stakeholder participation.

Step 1 Identifying regional stakeholders

Based on the project’s targets and objectives, a screening study of Agricultural
Knowledge and Innovation Systems (AKIS) was conducted. An in-depth literature
review, Internet and in-place research identified relevant stakeholders including poli-
cymakers and various authorities, research and education institutions, extension ser-
vices, and the AKIS support system (including mass media sources) on national, krai
and raion levels. Thus, in the first step, 93 stakeholders organized in four AKIS fields
were identified. The guideline of GLUES hand-out for projects within the BMBF
program ‘Sustainable Land Management’ Module A (Moll and Zander 2011) was
followed for successful stakeholder identification and involvement.

Step 2 Selecting the most relevant stakeholder

The initial list of Kulunda project stakeholders was reduced to those key stakeholders
who are involved in innovative activities (research, education, extension, policymak-
ing, lobbying, control and practice). Crucialwere sustainable landmanagement, ecol-
ogy and environmental issues. Stakeholders should have decision-making power, act
as leaders in different fields ofAKIS elements, have a broad knowledge of sustainable
land management and environmental issues related to the implementation-oriented
targets of the project, and should hold relevant expertise to support the stakeholder
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Fig. 36.7 Stakeholder network within the Kulunda project (Chart by Liebelt)

process. These stakeholders acted as the main participants and multipliers of inno-
vations, which were derived from the project’s research findings.

Step 3 Analysing the AKIS network

The idea of Agricultural Knowledge and Information/Innovation System’s (AKIS)
approach is that a system consists of different contributors who impact the know-how
creation and the knowledge transfer (Röling 2009).

The AKIS’s main components are research, education and extension services
linked to agricultural producers (Fig. 36.7). Research, education and extension
present the so-called knowledge triangle of AKIS which was developed by the Food
and Agriculture Organization of the United Nations (FAO) and the World Bank
(WB) in 2000. AKIS’s efficiency depends further on the Ministry of Agriculture,
local government, non-governmental organizations (NGOs) as well as media, finan-
cial institutions and other stakeholders.

Links between education, research, consulting and end-users became veryweak or
non-existent in the AKIS network of the Altai region after the collapse of the Soviet
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Union resulting in an urgent need to develop and expand these to ensure a more
effective knowledge gain and transfer. Therefore, the Kulunda project is working
in the field of knowledge implementation precisely at this point (Janakiram 2000;
World Bank 2000).

Step 4 Implementing methods and products

Several events and measures were developed based not just on the results of face-to-
face interviews and regular meetings with regional stakeholders but also under con-
sideration of the existing culture of farmer-to-farmer learning. Events and measures
included interactive workshops, vocational training courses, field days, presentations
and circulation of print materials like project flyers and brochures in Russian.

36.3 Selected Approaches for the Knowledge
Implementation within the Kulunda Project

1. Advanced training of local professionals and farmers

‘Training of local professionals and farmers’ means further teaching to professionals
and farm managers in the field of sustainable land use management and monitoring
in the agrarian sector for better consultation and land use management in rural areas.

The goal is a jointRussian–German concept for further education/vocational train-
ing in sustainable agriculture and monitoring, especially for the Barnaul Institute of
Qualification in Agriculture. Continuous lectures (Fig. 36.8) are offered, related to
current research results. They concentrate on the field of sustainable land manage-
ment (SLM) technologies and modern monitoring systems. As a further training for
members of state organizations, they deal with institutional measures to improve
ties between agricultural consulting systems, universities and vocational training
facilities to enhance the capacity building and knowledge transfer in the region.

2. Field day/field seminar (cf. Chap. 37)

At a Field Day event, interested farmers from the investigation area can discuss the
scientific needs of the agricultural workforce and get information about activities and
results of our project work on the test sites and about new methods and technologies
for soil conservation (Fig. 36.9).

Goal number one is the implementation of new soil conservation methods and
technologies such as direct seeding or minimum tillage. The Field Day at our partner
farm OOO KH Partner in Poluyamki (Michailovsky Raion) provided an excellent
opportunity to introduce farmers to these soil conservationmethods. The second goal
is the implementation of SLM technologies by capacity building and an increased
acceptance of new technologies.

The investigation area is in great need formeasures to improve knowledge transfer
and capacity building. Therefore, it is important to continue the activities of knowl-
edge implementation and stakeholder participation and to maintain and strengthen
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Fig. 36.8 Training seminar in the Barnaul Institute of Qualification in Agriculture (Photograph by
Liebelt 2015)

Fig. 36.9 Presentation of project findings and innovative technologies at the FieldDay (Photograph
by Liebelt, 2015)
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the AKIS network. One possibility would be building a competence centre for sus-
tainable agriculture in Altai Krai.

36.4 Conclusion

Further strengthening of the agricultural sector depends strongly on innovative activ-
ity. Science is essential because it delivers innovative information. Therefore, in addi-
tion to investing in technology, it is particularly necessary to promote innovations in
agriculture through a stronger commitment to education and vocational training for
the agrarian land user.

The Kulunda project has made an important contribution towards this goal. The
innovative results developed in this international research project can be used by
the AIPK and other regional educational and consulting organizations to build or
complement their information base and consequently to improve the quality of their
educational programs. The transfer of high-quality research results to the land users
strengthens their abilities and motivation to implement innovative strategies and thus
strengthens the sustainable agricultural development of Altai Krai.
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Chapter 37
Field Days for Technology Transfer
and Knowledge Exchange of Dealers
and Farmers

V. I. Belyaev, M. M. Silantyeva, T. Meinel, L.-C. Grunwald, D. V. Belyaev,
N. A. Kozhanov and L. V. Sokolova

Abstract For the regional implementation of new land-use technologies, the prac-
tical cooperation of science, enterprises of the agricultural sector, machine builders
and dealers are crucial. The knowledge exchange of these actors makes a great
contribution to the introduction of new technology, their adaptation to regionally
specific requirements and further development of innovative practices. ‘Field days’
have proven to be a very effective model in bringing engineers, dealers and farmers
together to dispute over usage and perfection of new machines.

Keywords Field day · Technology transfer · Knowledge exchange

37.1 Teamwork

In October 2016, Russian and German partners summed up the five-year work on the
international research project ‘Kulunda’ (2011–2016). The goal of the project was
the development and implementation of innovative technologies for steppe land use,
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Fig. 37.1 Discussion during
a Field day

designed to prevent further development of erosion processes, to ensure soil fertility
and efficient use of land resources in the dry territories of the Altai region (Illiger
et al. 2014). For those five years, German scientists and their Russian colleagues
(Altai State University, Altai State Agrarian University, Institute of Water and Envi-
ronmental Problems of the SB RAS) established a unique monitoring network in the
Altai region. Its task was and still is to observe the main climatic and soil parameters,
which have a significant impact on crop yield under the complex diverse conditions
of this region (Belyaev 2013; Ponkina et al. 2014).

An important feature of the Kulunda project was the work on the implementation
of its research findings, especially through practitioners, including farmers and farm
machinerydealers. In theAltai region, theDepartment ofAgriculture, theDepartment
of Economic Development, the Department of Natural Resources and Environmental
Protection, theOffice for International and InterregionalRelations, theCommittee for
Agrarian Policy andNatureManagement of the Altai Regional Legislative Assembly
supported this strategy.

37.2 Materials and Methods

For the transfer of knowledge to farmers and its implementation, the Days of Crop
Production (Field Days) were held by the farm OOO KH Partner every year in early
August. The number of participants was up to 450–550 people each year, including
heads of the Altai region, from the Altai Regional Legislative Assembly, the Depart-
ment of Agriculture and the participating regions, heads and chief specialists from
other farms, scientists, researchers from the Kulunda project, dealers of machinery
manufacturers and others (Figs. 37.1, 37.2 and 37.3).

The events included a plenary part where project participants reported the results
of researchover the past years, and thepractical partwith a visit to the base experimen-
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Fig. 37.2 Participants in a
Field day

Fig. 37.3 Scientist
explaining test arrangements
during a Field day

tal sites and the demonstration of innovative machines for prospective agricultural
technologies. This form of knowledge transfer has aroused a high interest among
farmers, has excellent visibility and application value.

Interim results and the progress of the ‘Kulunda’ project were covered for the
federal, regional and district media: VGTRK Altai, Katun-24, TV Mikhailovskoye
+, Rossiyskaya Gazeta, Altai Pravda and Silver Rain were represented at regional
Agronomic Conferences on agriculture in other districts of the Altai region, in Kaza-
khstan, on the Days of Plant Growing of the Amazon Company in Germany.

Participants of the ‘Kulunda’ project took part in seminars organized by the Insti-
tute for Advanced Training of Agroindustrial Complex Workers. Now, special edu-
cational programmes are being developed in Altai State University and Altai State
Agricultural University with an emphasis on resource-saving technologies in agri-
culture. The project team together with practitioners published the collective vol-
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Fig. 37.4 Machinery
exhibition during a Field day

Fig. 37.5 Students at gaging
station

ume ‘Economic, ecological, technological factors and results of activity, agricultural
enterprises in conditions of the Kulunda Steppe’.

37.3 Stationary Base Sites and Experiments

Constant measuring and test sites were created on three farms: OOO KH ‘Partner’,
Mikhailovsky district, ZAO PP ‘Timiryazevskiy’, Mamontovsky district, and FGUP
PZ ‘Komsomolskoye’, Pavlovsky district of Altai region. Scientists and practitioners
conducted complex observations and exercise of innovative technologies for crop
cultivation in crop rotations (148 variants of combinations of technological factors at
356plots, including ‘strip-till’ and ‘no-till’ technologies), usingmodern and excellent
equipment (Figs. 37.4 and 37.5).
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The company ‘Amazone’ technical provided equipment for new land-use tech-
nologies, namely two experimental drills for ‘no-till’ technology (Belyaev and
Meinel 2013; Belyaev et al. 2013, 2014; Belyaev 2015), which allow to change
seeding characteristics (seeding rate, fertilizer application rate, depth of seeding,
row spacing, type of working elements), and also a ‘strip-till machine with adjustable
parameters. The EDX precision drill was purchased by the farm OOO KH ‘Partner’.

The Kulunda project installed the first lysimetric station in the dry-steppe ecosys-
tem in Russia. It measures precipitation and evaporation in the soil in real-timemode,
the accumulation andmigration of nutrients in the soil, as well as other important soil
parameters at various depths. Long-term analysis of these data, which is performed
by the local University partners, will reveal the dependence of crop yields on a vari-
ety of climatic and soil parameters. In combination with experimental data on soil
cultivation technologies in test fields, those results will allow for developing recom-
mendations for farm enterprises to reclaim saving technologies that include technical
re-equipment, soil treatment, fertilization, plant protection, etc. The uniqueness of
the lysimetric station is its ability tomeasure these parameters simultaneously in soils
used for arable land and in soils of the natural steppe. This provides the basis for
research and helps making the right decisions in the selection of long-term strategies
for the development and more rational use of the resources of the Kulunda steppe
(Belyaev et al. 2016).

For the same purposes, three automatic meteorological stations and four stations
for measuring soil moisture in the forest-steppe and steppe zones of the Altai region
have been installed. They allow for the retrieval of more detailed data, which, com-
bined with the results of space probing, will make it possible to predict the crop
yields.

37.4 Main Scientific Results

The impact of climate on crop yield is highly significant (Belyaev and Sokolova 2015,
2016). Preliminary results on climate change in the Altai region were obtained. In
the distribution of the surface air temperature in the flat territory of the Altai region
(Barnaul), a statistically significant positive trend was revealed, more intense than
the average for Russia (0.9 °C for 1901–2000). In the distribution of precipitation,
a secular cycle (1862–1976) with the duration of 115 years was identified. Since
1977, the ascending branch of a new century cycle began, the maximum of which is
likely in 2038 with the subsequent reduction of precipitation. Currently, after a wet
period of 1986–2002, the cycle of lowered moistening develops. It can accelerate
desertification processes in the Altai region and change the ratio of areas occupied
by one or another type of vegetation, because the rate of air temperature growth
outstrips the rate of increase in precipitation.

In the framework of the study of soil degradation, an electronic data bank has been
established that clarifies and extends the technical capabilities of soil monitoring in
the Altai region (Grunwald et al. 2015).
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Fig. 37.6 Sprayer ‘AmaSpot’ ‘Amazone’ for weed control. Source Meinel (2014)

On the basis of KH Partner LLC (Altai Territory, Mikhailovsky District,
Polumyuki Village), unique experiments were conducted to assess the condition of
degraded pastures in the dry steppe zone of Kulunda. The experimental site has been
laid for testing 28 varieties and plant species that can be used for pasture restoration.
As a result of observations 2011–2016, four key species of the legume family were
identified, which were sown on experimental sites to improve haylands and degraded
pastures. The restoration of the true steppe has not only scientific, but also great prac-
tical significance. Socially and economically, this will mean a gradual transformation
of the steppe from the zone of risky farming into a zone of harmonious combination of
stable cattle breeding and a sparing natural farming environment. The solution of the
problem of ecological transformation of the landscape and land fund will favourably
affect the water regime of the steppe, will contribute to the conservation of biological
diversity, and will significantly weaken the anthropogenic factor in desertification of
the steppe zone of the Altai region.

In addition, experiments were undertaken to restore natural haylands and pastures
using a combined soil cultivator Catros-6001-2 Green, equipped with a device for
sowing grass seeds. Seeds were obtained from the collection site in local conditions.

This combinedmachine has beenmanufactured to introduce the technology liquid
fertilizers, including microelements, in fields with crops. Field experiments have
been established, and significant results have been obtained on the effectiveness of
the developed technology (the yield increment in individual fields was from 0.2 to
0.9 t/ha).

The technology of weed control using the ‘AmaSpot’ system on the sprayer was
successfully tested and implemented in theOOOKH‘Partner’ on fallowfields,which
makes it possible to significantly reduce the use of plant protection products due to
selective exposure to weeds (up to 70–80%) and to reduce chemical load on the soil
(Fig. 37.6).
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On the test fields, studies were carried out comparing three different types of
farming technologies and four levels of intensity of autumn soil cultivation in crop
rotations. As a result, practical recommendations for cultivating crops with the use
of new generation techniques, perfect agricultural practices for tillage, methods for
applying fertilizers and plant protection systems in the dry and real steppe, as well
as forest-steppes of the Altai region, have been developed.

37.5 Conclusion

Preliminary analysis of experiments, as well as previously conducted studies, con-
firms a number of advantages of preserving technologies from the energy, agro-
technical, ecological and economic point of view. The introduction of the research
results will significantly reduce the operational costs of grain production and increase
the productivity of arable land. This includes an increase of productivity up to
35–45%, achieving significant reduction of fuel consumption of the machinery
(1.5–2.6 times), reducing the negative impact of machinery on soil (reducing the
number of passages over the same lot 3–5 times), saving seed material by 15–20%,
increasing the average yield of cereals to 2.0–2.5 t/ha.

Thus, the practical cooperation of science, enterprises of the agricultural sector,
machine builders and dealers made a great contribution to the development of inno-
vative practice in perfection and introduction of perspective agricultural technologies
and machine complexes for cultivating agricultural crops under dry climate condi-
tions. Field days for technology transfer and perceptions of dealers and farmers play
an important role in this process.

This work, performed on the base sites of the ‘Kulunda’ project, is very much
significant in terms of volume and obtained results and only large research institutes
are able to do it. Therefore, in the long run, it seems adequate, to install a regional
research centre for the study of climate, soil conservation/degradation and approba-
tion of adaptive farming technologies. It should be based on the test fields, which
are already laid. It can serve as a basis for disseminating information on the best
land use practices and create a stable scientific and practical advisory platform in the
implementation of the programme ‘Sustainable Development of Rural Territories of
the Altai region’ until 2025.
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Chapter 38
Technology Learning and Transfer
of Knowledge—Practices and Lessons
Learned from the German-Language
Study Programme in Barnaul

M. Zierdt, N. I. Bykov, D. Kley, A. A. Bondarovich and G. Schmidt

Abstract Avery important element to implement findings from theKulunda project
sustainably in the regional educational system is the German-language study pro-
gramme at the Altai State University. It offers an in-depth training in Geo-Ecology,
which lays the base for a special education as a specialist in various fields related to
agriculture and regional development. This chapter outlines some of its core elements
and achievements.

Keyword Education

38.1 Goals of the German-Language Study Programme

Geographers of the Martin-Luther-Universität Halle-Wittenberg have been teach-
ing in the German-language study programme Environmental ‘Management and
Monitoring’ at the Altai State University, Barnaul, since 2007. This programme is
supported financially by the German Academic Exchange Service (DAAD) to keep
German alive as a scientific language in the countries Eastern Europe, Russia and
Central Asia. The students are introduced to German research literature during their
in-depth training in Geo-Ecology. This enables them to communicate and discuss
respective topics in German as well as in Russian using correct scientific terms
and expressions. All students attend a one-year German language course. The best
receive an invitation to a two months study stay at the Martin-Luther-Universität
Halle-Wittenberg in Germany. The goal is not just to deepen the scientific knowl-
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edge but also to improve the language skills and the knowledge about Germany
itself.

The German-language study programme ‘Environmental Management and Mon-
itoring’ has the following specific learning objectives and goals of qualification:

• 1: Qualification of Russian graduates to monitor the environment based on quali-
tative indicators in the landscape and on data acquired in the field, the laboratory
and from other sources like aerial photographs and satellite images. A priority is
the collection of quantitative data in the landscape using field instrumentation, an
important tool of modern geographic work, which is currently underrepresented
in Russian environmental monitoring. The study area is situated in the foreland
of the Altai Mountains, which is part of the Eurasian Steppe. It consists mostly of
grassland and forest steppe (grassland interspersed with woodlands or forest) and
is extensively used for agriculture and pasture. Therefore, the detection of changes
caused by agricultural usage like degradation and desertification is one focus of
the monitoring. Further topics of the study programme are the determination and
evaluation of the soil-water budget, the interdependency between types and inten-
sity of land use, weather conditions, degradation, desertification, and the effects
on crop yields and run-off as well as subsequent measurements for an agricultural
usage suited for the respective location and ecosystem.

• 2: For the German Ethnic District, situated in the Western part of the Kulunda
Steppe, the Altai State University in Barnaul serves as the most important institu-
tion for higher education. Hence, one goal is to support young Russian Germans
by offering this special training to enhance their chances in the local job market.
Methods and exercises help students get to know German tools, machinery and
enterprises, which produce or usemeasurement and/ormonitoring instrumentation
so they may use these contacts later when working as professionals.

• 3: Involvement of the best students in the interdisciplinary research and scientific
qualification process, provided through the collaboration with Martin Luther Uni-
versity andGerman companies, to enable them to apply and extend their knowledge
and language skills by working in research projects.

A side effect of the programme, very welcome in the context of the Kulunda
project, is the wider availability of German as a scientific language. Often, dur-
ing fieldwork or scientific meetings direct communication in German and Rus-
sian reduced sources of misunderstanding. Occasionally, the language teachers of
the German-language study programme would work as interpreters, applying their
knowledge of both the language and the scientific terms as well.

38.2 The German-Language Study Programme

The German-language study programme is currently offered as a postgraduate pro-
gramme. It consists of the language course and the environmental course. The course
is taught in German by lecturers from Altai State University, Barnaul, and Martin-
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Luther-Universität Halle-Wittenberg. It is segmented into the following learning
modules:

1. Indication of environmental degradation;
2. Environmental analytics and field instrumentation;
3. Environmental monitoring and data interpretation;
4. Environmental medium soil;
5. Electronic and mechanical data loggers;
6. Indicators of environmental anomalies;
7. Field excursion;
8. Field training;
9. Final thesis (in German).

Modules 1–6 consist of lectures and seminars, in which the theoretical fundamen-
tals are taught by lecturers as well as compiled by the students themselves. The set-up
of different environmental measurement systems in the region provides the students
with their first hands-on experiences in empirical data acquisition. The students can
work on meteorological stations, soil moisture measurement fields, or at the Lysime-
ter stations of the Kulunda project. Sensors to measure water quality parameters like
pH-value, electrical conductivity, and oxygen concentration are available for the stu-
dents, too. Furthermore, a field unit to measure other environmental parameters like
phosphate or nitrate concentrations is provided.

After finishing the theoretical fundamentals and practising empirical data acqui-
sition, the students are offered a two-month-long stay at Martin-Luther-Universität
Halle-Wittenberg to extend their practical skills and deepen their knowledge espe-
cially during an excursion and the field training.

During the excursion, students get to know theGerman environmental observation
and management system. They visit several measurement stations and conservation
areas of different protection statuses and attend lectures about spatial and environ-
mental planning in Germany.

During the field training, the students and lecturers spend a week together in
the field in a rural area. The lecturers are the scientists from Germany who taught
before at Altai State University, Barnaul. The students are introduced to the following
environmental observation methods (Figs. 38.1 and 38.2).

Fig. 38.1 Students of the
German-language study
programme at the Lysimeter
station in the Kulunda
Steppe, Russia. Photo
Bondarovich 2012
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Fig. 38.2 Students of the
German-language study
programme at the field
training in Wohlmirstedt,
German. Photo Kley 2012

Fig. 38.3 Student reciving
their certificate in the
German-language study
programme. Photo Kley
2012

• Quantitative hydrological measurement methods
• Qualitative hydrological measurement methods (water quality parameters);
• Mapping;
• Soil identification and basic soil parameters;
• Acquisition of meteorological data using traditional and electronic data collectors;
• Development of a Geo-Information System based on the collected data as the field
training’s documentation.

Optionally, the students may analyse the collected water and soil samples,
regarding further parameters like micronutrients or heavy metals at the Physical-
Geographic/Geo-Ecological Laboratory.

At first, the German-language study programme was offered only to students of
geography, but soon biology and chemistry students showed interest in this postgrad-
uate programme as well. At the start of the Kulunda project in October 2011, the first
students had just graduated from the German-language study programme (Fig. 38.3).
Because of the programme, they had experiences in empirical data acquisition and
German language skills—excellent prerequisites for the start of the fieldwork of the
Kulunda project in spring 2012.
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38.3 Research-Oriented Education
in the German-Language Study Programme

New research questions arose from the preliminary results of the above-mentioned
fieldwork to such an extent that they resulted in several doctoral projects. Graduates
from the German-language study programme now have, with support of the DAAD,
the opportunity to work on their doctoral project in Germany. The following doctoral
projects (2nd thesis) defended between 2012 and 2016 from the DSG-programme
were related to the research of the Kulunda project:

Semikina, Svetlana S. (2nd thesis): �kologo-geogpafiqecka� ocenka
typictcko-pekpeacionnogo potenciala
ozep bopovyx lowin Ctepnogo Alta�.
(Ekologo-Geograficheskaya otsenka turistsko-
rekreatsionnogo ozer borovykh loshchin
Stepnogo Altaya). 2013. Perm. Defended at
Perm State National Research University,
2013

Harms, Evgenya O. (2nd thesis): Optimizaci� pekpeacionnogo
ppipodopol�zovani� v Alta�ckom
tpancgpaniqnom gopnom pegione (Opti-
mizatsiya rekreatsionnogo prirodopolzo-
vaniya v Altayskom transgranichnom gornom
regione), 2016. Defended at the Institute for
Water and Ecological Problems of the Siberian
Branch of the Russian Academy of Sciences
at Barnaul.

Gensch, Konstantin V. (2nd thesis): Pavnovecnye cocto�ni� opganiqeckix
�lektpolitov v binapnom
diffepencipy�wem pactvopitele
acetonitpil – dimetilcyl�fokcid
(Ravnovesnye sostoyaniya organicheskikh
elektrolitov v binarnom differentsiruyushchem
ractvoritele atsetonitril – dmetilsylfoksid).
2012. Defended at St. Petersburg State Uni-
versity for Technology and Design.

Furthermore, the following doctoral theses were conducted during the courses in
Barnaul and Germany:

Construct the GIS ‘Natural resources, potential utilization and current usage
of the Kulunda Steppe’. Focus of the doctoral work is the creation of a bilingual
GIS, which should support binational scientific collaboration in the Kulunda region.
Particular challenges were the terminologies of several disciplines, ranging from
spatial planners to botanist, both in Russian and in German.
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The forest steppe—A natural or anthropogenic ecoregion? Answering this ques-
tion is of fundamental importance to the Kulunda project. The question relates to
the region of Central Germany with an agricultural usage of its chernozems since
the Neolithic Age (traceable in the dry region of Central Germany for more than
5.000 years) and the post-glacial climate change. The deforestation of just devel-
oped woodlands and a very dry climate inhibited the degradation of chernozems to
brown earth soils. The Institute of Geobotanic at Martin Luther University has a long
research history regarding this topic. The goal of the doctoral project is to compile
and review the results of this previous research to make them more accessible for
current research projects in this area.

Ecological restoration under the conditions of the temperate continental steppe—
Stipa and Artemesia Steppes. The doctoral project was developed as part of the
Kulunda project’s module ‘Development of region-specific agricultural management
and steppe restoration practices in different steppe typeswith focus on carbon seques-
tration (soils, vegetation) and stabilization/improvement of yields’.

38.4 Future Entanglements of the German-Language
Study Programme and Research
on Land-Use-Systems in Kulunda

The biology and the geography faculties of Altai State University, Barnaul, are
heavily involved in the Kulunda project and so are most of the students of the
German-language study programme ‘Environmental Management and Monitoring’.
The German-language study programme is currently offered as a postgraduate pro-
gramme for students working on their master’s degree in geography or biology.
That means the students take an extra workload in addition to their regular master’s
courses. On ground of a sound methodological training, graduates from the pro-
gramme have proven their readiness to step into empiric research on a high-quality
level during the Kulunda project. Hence, in order to improve a research-oriented
education, the environmental course of the German-language study programme will
be offered every year as an optional course within the master’s degree programme.
Hereby research fundamentals, methods, usage of high-tech instruments and analyt-
ical techniques, which Russian and German partners have developed in modules of
the Kulunda project, are implemented permanently in the regional system of higher
education.
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Chapter 39
Beyond Kulunda

M. Frühauf, S. Lentz, T. Meinel, G. Guggenberger and I. Theesfeld

Abstract The setting of the KULUNDA project, its research questions as well as
the answers and practical solutions, as they have been presented in the previous
chapters, are principally restricted to the geographical limits of the research area itself.
However, a wider horizon for the findings that it is given is of utmost importance, as
steppe ecosystems worldwide are the world’s breadbaskets and one of the greatest
sink of (soil) carbon in the carbon cycle. A formal background for such a claim is
the project’s funding and organizational embedding into the FONA initiative of the
German Ministry for Education and Research. FONA’s determination is research
on sustainable development, in the case of KULUNDA focused on questions of
sustainable land management. In this respect, results from the KULUNDA project
strongly relate to regional development policy in the Altai Krai. As an overarching
programme, FONA expects that some outcomes from the individual projects should
be—given a certain amount of effort—transferable to other sites and situations. Even
though the individual projects have not been designed with comparative approaches,
FONA promoted and demanded exchange of experiences between research projects.
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Despite such a formal framework, the concept of regional geographic research itself
carries a chance for comparison to validate findings and interpretations. This chapter
tries to outline preconditions, structures and contexts of the KULUNDA project,
which allows for conceptual conclusions about potential transfer to other regions
and case studies.

Keywords Steppes regions · South Siberia · Soil types · Climate conditions ·
Land use history

39.1 The Physical Environment of the Research Region

The Kulunda region is part of the Eurasian temperate grass-steppe, one of the
world’s very important ecosystems. Typical steppe soils such as Chernozems and
Kastanozems cover large regions. These soils do not only store tremendous amounts
of organic matter and are thus significant players in the global carbon cycle, they also
belong to the most fertile soils on earth. Therefore, large parts are intensely used for
agriculture, which also holds true for the Kulunda steppe.

The region is characterized by a climatic gradient, ranging from forest steppes in
the northeast to typical steppes in the central parts and dry steppes in the southwest.
In terms of utilization, this translates into a mosaic of different land use and soil
management systems. Consequently, less than 17% of the land is grassland in a
broader sense, with native steppe only occurring as small and disjunct areas.

39.2 Changes in Land Cover, Use and Societal Transition

Like many steppes, the Kulunda steppe has been extensively used for a fewmillennia
by humans as a pastoral ecosystem. Such utilization had only minor impact on the
flora and barely any impact on soils. This regime changed in the late eighteenth and
early nineteenth century, when the first peasants from European Russia settled in
the region, and by the late nineteenth century, the Kulunda region was integrated
into the agricultural trade system of Tsarist Russia. This notion is important to bear
in mind with respect to the evaluation of land-use change. It contradicts the general
perception that agriculture in the region only startedwith theVirginLands—Zelina—
Campaign of 1954–1963. One should rather associate this period with a tremendous
intensification of agricultural activities. Converting grassland into arable land and
intensifying usage of formerly cultivated acreage was successful only during the
first few years. Later on, the general conditions for farming turned out to be very
dependent on climate and weather. Furthermore, the technology used for working
the soils led to tremendous soil degradation, particularly erosion and humus losses,
and to declining and variable crop yields. This history of agricultural practice in this
delicate ecosystem and the consequences of mechanization show parallels to other
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agricultural systems, e.g. in North America (USA, Canada) as well as in other parts
of Siberia, Kazakhstan, Mongolia and Western China.

With the collapse of the Soviet Union, the major sociopolitical framework for the
region’s economy fell apart, too. As a consequence, the sectoral and regional dis-
integration led to the abandonment of large agricultural areas. However, in the past
twenty years, the production system was restructured on every scale and in almost
every sector. During the past decade, this resulted in re-cultivation of formerly aban-
doned acreage. Since 2014, this positive trend has been reinforced by new political
priorities in the Russian Federation. Agricultural production as a whole and espe-
cially farmers are better supported now, enabling them to use more fertilizers, but
also to modernize their machinery and invest in new, resource-saving technologies.
This has recently made Russia the world’s biggest wheat exporter, with the Kulunda
steppe being an important regional producer.

From the perspective of a national economy, the region’s restructuring is a success
at first glance. Such process suggests comparisonswith other transition regions.How-
ever, the economicdevelopment has not solved structural problems in the regions such
as an ageing population, the out-migration of young, highly qualified persons, and
the deficits in transport infrastructure. Moreover, improved productivity in farming
does not necessarily comprise sustainable land use. With regard to climatic change,
the Kulunda region is facing a trend of decreasing precipitation with a presumable
increase in variation, rising mean annual temperature (during the last 50 years at an
average rate of 0.4 °C per 10 years) and corresponding increase in evapotranspiration.
Hence, the search for new farming technologies becomes an imperative and should
aim at not only stabilizing yields under drier conditions but also at improving soil
protection.

Given the complex situation of regional development, of specific, endogenous
knowledge on farming technology and conditions, and of economic and sociopolitical
circumstances, itwas clear from the beginning that a complex and integrative research
approach was needed.

39.3 Success Factors for Research, Transfer of the Results
and Sustainability

The KULUNDA project started under very favourable conditions. This is primarily
due to a fruitful history of 15 years of cooperative relations with universities and
academic institutions in the field of geographical research and teaching but also with
stakeholders from agriculture, administration and politics. TheChair ofGeo-Ecology
fromMartin-Luther-Universität Halle-Wittenberg had a thematic and regional focus
on agricultural steppes and had maintained a scientific and teaching cooperation
with the Kulunda (within the Altai Krai) region since the early 2000s. As a result,
the requirements of the FONA initiative, especially with regard to establishing new
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(stable) contacts and forms of cooperation aswell as the sustainability of this research
project, could be met in an almost ideal manner.

These relations were the basis for a network of geographical research and edu-
cation, which involved universities, non-university research institutes and other aca-
demic institutions, stakeholders from agriculture, particularly practitioners, and par-
ticipants fromadministration and politics. Focusing on the question of how to develop
and implement a soil-friendly key technology, the participation of an agricultural
engineering company was crucial to develop and test innovative farming procedures
together with farming enterprises from the region. The latter, again, were of tremen-
dous helpwhen it was necessary to present, discuss and disseminate research findings
and practical experiences from test sites to the community of farmers in a sparsely
populated, economically underdeveloped region.

Another asset fromwhich the overall project benefittedwas themajor involvement
of a German agricultural engineering company (Amazonen-Werke GmbH), with its
scientific and technological experience in developing and testing innovative farming
techniques, mainly in the Eurasian agricultural steppes, as well as the involvement of
a German manufacturer specializing in environmental monitoring equipment (UGT
Müncheberg).

The active support of Canadian experts from the fields of climate-friendly tillage
systems was equally valuable for the execution of the project.

Finally, the assistance provided by an advisory board consisting of representatives
from science, politics and local stakeholders from administration and management
as well as academic institutions was important for the successful completion of the
project.

39.4 Comprehensive Research Themes I: Natural
Resources

In order to evaluate and estimate the degree of land-use change since the Virgin
Land Campaign the first research step was an analysis of the status quo, backed up
by historical data and material. This included a detailed analysis of soil properties
and processes as well as vegetation cover under different land-use and soil manage-
ment systems. An extensive land-use change analysis (combination of satellite data,
calibrated with aerial photographs) linked to a retrospective and projective land-use
model was also carried out. Thus, Kulunda’s land cover change since the 1960s could
be quantified for the first time.

The flora of the Kulunda steppe region consists of 785 species, of which 69 are
endangered. A problem encountered with the patchy distribution of the native steppe
sites is the large fragmentation of plant species, leading to poor genetic diversity, as
has been shown for the key species Stipa pennata. This is further complicated by
the fact that nine types of forest ecosystems and four types of grasslands could be
distinguished by species composition as well as climatic and edaphic criteria.
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The results of soil investigations revealed that the agricultural soils suffer from
erosion, salinization, deterioration of soil physical properties, and soil organic matter
losses. For the whole study area, a close relation has been found between the level
of soil and vegetation degradation as well as yield decline, being accentuated by
the steppe type, i.e. climatic condition. Despite very visible effects of water erosion
(channel and gully erosion), wind erosion is the primary problem concerning land
degradation. In this respect, the existence and spacing of windbreaks are of impor-
tance. A lack of maintenance affected windbreaks in the last decades, potentially
leading to increased deflation. New plantings and better care are strongly recom-
mended. Salinization was found to be a problem throughout the research area, but
particularly in pastures and where groundwater levels were relatively high.

The issue of utmost importance to soil degradation in Kulunda’s loess
soils/Chernozems is loss of aggregate stability, which is linked to soil cultivation
and its intensity. At this, intensively tilled soils showed the highest and no-till soil
management the lowest losses of aggregate stability. As both, wind and water ero-
sion, are directly related to aggregate stability, the development and implementation
of minimum or no-till management are very relevant to decreasing soil erosion.
Aggregate stability, in turn, is strongly related to the decline of soil organic carbon
contents and stocks. Throughout the whole study area, soils lost about 30% of their
organic carbon. Most of the losses occurred within the first five years after land-use
change. Thereafter, a lower, steady-state equilibrium developed quite rapidly in soils.
In contrast to the expectations, not only particulate organic matter but also primarily
organic matter, stabilized by interactions with minerals, was lost, demonstrating that
mineral-associated organic matter is vulnerable to land-use change as well. As for
aggregate stability, loss of soil organic carbonwas least with no-till soil management.

Expected future soil carbon contents were modelled using a process-based agri-
culture, vegetation and hydrologymodel (LPJmL). Themodel simulated a continuing
climate-change-driven carbon loss from soils, which corroborates results from soil
analysis along the climatic gradient. Based on the space-for-time approach, exper-
imental data suggest that a drier climate will enhance organic carbon losses under
both grassland and cropland due to generally reduced biomass inputs under dry
conditions.

Decreased intensity of soil management was correlated with increased soil mois-
ture. Different processes contributed to that: (i) higher field capacity due to higher
organic carbon content and enhanced soil aggregation, (ii) reduced evaporation due
to crop residues on the soil surface, (iii) different root distributions and depths of
water uptake.

In summary, the key findings are:

– Concerning vegetation degradation, land-use change resulted in changes in species
composition and decreases in biodiversity as well as genetic diversity of individual
species. This has to be considered in future steppe protection and restauration
activities.

– There is a close interrelationship between erosion, soil aggregation and soil organic
carbon storage, with aggregate stability being the decisive parameter. Aggregate
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stability declined strongly after land-use intensification. No-tillage and minimum
tillage have been found to increase aggregate stability and, thus, to decrease soil
erosion, possibly increasing long-term soil organic carbon storage.

– Vegetation and land use strongly influence soil hydraulic conditions. No-tillage
and minimum tillage have been found to be superior to conventional tillage with
respect to plant available soil water. In terms of water management, bare fallow is
most likely not useful for water conservation.

– The need for protection and conservation of still intact grasslands. This can be
realized by a restoration of steppes on degraded soils, and the establishment of
corridors between the different disjunct regions of native steppes.

From a soil ecological perspective, it can be concluded that no-till soil manage-
ment is an appropriateway to reduce soil erosion and increase organic carbon storage,
and thus provide a successful measure for making agriculture in the Kulunda steppe
more sustainable. We emphasize that in the case of the Kulunda steppe, smart and
more intensive land management will lead to more sustainable conditions. Invest-
ment into new technologies (no-till agriculture) along with optimized fertilization
strategies will increase biomass production and, with that, organic matter input into
soils. Likewise, aggregate stabilitywill increase as a result of less soil disturbance and
higher organic matter stocks. This, in consequence, will lead to lower soil erosion, a
higher soil resilience, and with that, a higher yield security.

Future studies on the relation of land use and soil protection in steppe areas should
focus on physical and hydrological parameters of soils as they are decisive for erosion
control and the soil water budget. In addition, studies on optimizing management of
macro- and micronutrients appear to be necessary.

39.5 Comprehensive Research Themes II: Technical
Cooperation and Joint Learning

The KULUNDA project installed three test sites on farms in different ecological
steppe zones: These test sites served as an empirical basis for studying andmeasuring
the effects of conventional land use and comparing it to innovative land management
systems, primarily no-tillage technologies. In order to assess ecological and economic
effects, important variables such as tillage intensity, disposition to erosion, soil water
balance, soil quality and, of course, yields and their stability were investigated in field
experiments. From the findings of these studies, the working groups derived various
farming concepts, which in turn were tested on larger sites in close cooperation with
the companies working the land.

Introducing cultivation technologies that protect the upper soil showed immediate
improvement of soil physical factors, increasing particularly the effectiveness of the
water use. This in turn led to more stable and higher yields than at the traditionally
farmed locations. A permanent residue cover, provided by leaving up to 80% of the
plant mass from previous crops on the soil surface, contributed not only to higher
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soil moisture, but also to a better protection of soils against wind and water erosion.
Furthermore, microbial transformation of plant remnants aids carbon sequestration.
Such forms of agriculture could lead the way to more sustainable farming in the
steppe areas of the Northern hemisphere as they would contribute to soil protection
and mitigation of climate change.

But the path to sustainable agriculture is not without obstacles. Early effects after
converting to no-till management are an increase of weeds, the necessity to use more
herbicides and the evolution of herbicide-resistant weeds. The remaining challenge
is therefore to optimize crop protection. One step in this direction was to develop
a machine system that detects weeds and treats them accurately with herbicides at
working speeds of up to 25 km/h. Performance improvements allowed for savings
of up to 80% regarding the amount of herbicides used compared with conventional
techniques. Another finding from the field experiments was the sometimes heavily
deficient nutrient supply to soils. In other dry regions, like the Canadian prairies,
this condition is amended by applying liquid fertilizer. The development of such
machinery is one of the mutual learning projects of agricultural engineering, induced
by technological cooperation.

One of the main findings is that a sustainable cultivation of arable crops meeting
ecological and economical standards and responding to future climate challenges is
possible. No-till management is an important technology in this system, but should
not be considered a universal remedy due to its complexity and challenges, e.g.
concerning crop rotation and plant protection. Establishing such a system requires
well-trained personnel, investments in machinery and a certain period of systematic
transition.

Nevertheless, it became evident that various methods and approaches tested on
the test fields showed ecological as well as economic benefits after only a few years
when compared to the traditional tillage and crop rotation procedures. And, it is of
particular importance that this mainly applied to years with an annual precipitation
below average, such as it is forecasted by some climate scenarios for the near future
of these regions.

The factor of ‘local and regional knowledge’ played a crucial role in the concept
of the Kulunda project, as the ‘import of external knowledge’ to the region seems
to be problematic. The academic members of the project tried thus to be particu-
larly sensitive to consider experiences, wishes and opinions of stakeholders. In this
sense, joint field experiments and technical cooperation were not only important
in order to learn and develop a joint body of knowledge. Such joint work became
also a platform for exchange, building trust and learning together. Especially, tech-
nical cooperation provided a perfect ‘material’ basis for this strategy. Moreover, this
part of the project turned out to be a kind of articulating element between differ-
ent sub-projects, researchers and practitioners with their sometimes very different
backgrounds.
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39.6 Comprehensive Research Themes III: Socio-Economic
Structures and Institutional Contexts

Sustainable development comprises the sociopolitical background of a region to the
same extent as the ecological conditions. But other than the natural features of a
region, the agencies of subjects and societies are often considered as individual and
hard to compare. As the Kulunda region and the Altai Krai have been transformed
from a centrally planned economy to a market-oriented regime, it appears logical
to make comparisons to states and regions like Kazakhstan, Mongolia and Western
China. States like the USA or Canada, however, seem unsuitable for such compar-
isons due to their long-standing democratic systems and market economies.

As the main research themes around ecological and technical issues have been
inspired by ideas and (former) research experiences from those regions, it would be
unfortunate to disregard such a potential not to use for socio-economic questions and
her solutions as well.

The socio-economic part of the Kulunda project aimed at creating an understand-
ing of the agendas of stakeholders in the region and their customary behaviour. The
empirical work hence consisted of quantitative analyses (e.g. a description of demo-
graphic processes) and qualitative interviews with experts from politics, regional and
local administrations, and villagers.

In order to think beyond KULUNDA, we therefore propose to systematically
compare our results obtained on a regional scale with other regions in order to make
statements on national levels as well as on global statements. The first step in this
process is to consider our findings in the context of (existing) regional development
concepts, which in turn are embedded in the national (federal) framework.

The Regional Development Concept of the Altai Krai mentions regional demo-
graphic trends as a major threat to future development of the region as analyses
showeda constant decrease of population. Itsmaindriver is the regional out-migration
of young people, while other factors are not as important. This out-migration has
two components, a structural and a geographic one, which make it problematic for
regional development: The amount of highly qualified persons among the migrants
is high and the structurally weakest, peripheral settlements were hit hardest by the
migratory balances. The latter result could not be fully confirmed, so further research
with more detailed data is urgently needed. Nonetheless, the observed demographic
processes are comparable to weakly structured, agricultural regions worldwide. Our
qualitative interviews showed that highly qualified graduates are actively looking for
adequate employment in their home region, but often decide to leave Kulunda and
the Altai Krai after being unsuccessful in their search. Mobility studies, however,
emphasize that the character of migratory movements has changed to circular pro-
cesses, and that peripheral regions may have specific strengths that may attract flows
of return migration. Of particular interest is the question then, if migrants are willing
to come back. The respondents in our interviews stressed quality of life as a pulling
factor for them, implying that not the highest level of income but good infrastructure,
a social sphere and professional chances for both partners in marriage are important.
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This has implications for strategies of settlement development, particularly the distri-
bution of social infrastructure, as villages and larger settlements already suffer from
a lack of well-educated professionals in many fields of local administration, health
services and business services.

A lack of professionals is also a concern of farmers. They witness a multitude of
new operational tasks for their enterprises, starting with modern IT equipment on
site, gaining economic knowledge and experience about obtaining credits, reacting
to subsidies and their policies, forecasting price developments for agro products and
many more. But the introduction of new land management that should follow no-
till technology requires much new knowledge around the ecological and economic
consequences, which circle around the questions of applying new crop rotations and
on the long run reducing the use of herbicides. Obviously, such innovation lessens
demand for low-skilled labour due to performance benefits of themachinery, while at
the same time more specialists for services and new economic knowledge are much
needed. Coping with the preferences of those human resources whom the regional
economyand politicswant to attract, as returnees or even as immigrants,will continue
to be a major challenge for the next years. Interestingly, some large agricultural
enterprises have already started measures on their own to improve social life and
the social sphere in the villages, even if the motivations rather stem from a sense of
responsibility than from rational calculations for the need of human resources.

Another conclusion from researches to the institutional background of regional
development are the different timescales of actors from economy, administration and
politics. Most protagonists feel the pressure to take measures which show positive
effects in rather short time, e.g. increased yields, increased regional output, decreased
unemployment rates, etc. In such a ‘climate’ for development support schemes are
created, which more or less intentionally favour large enterprises or support the
growth of large enterprises.

KULUNDA project’s research for the institutional background and its capability
for change showed that such a slow drift is fuelled by many sources: The experi-
ences of creditors, entrepreneurial professionalism, capacity for process innovations,
economies of scale and a kind of tradition or heritage that goes back till to time of
Soviet Union and the steered national economy at that time, are in this case ever yet
important steering factors and influence factors of the present.

In many aspects, large farms and enterprises, if they are managed well, are more
likely to show the effects desired by national and regional development policies.
They are capable of absorbing subsidies in a proper way, they often have the capital
stock to invest in new machinery and they have the knowledge to deal with new
market regulations. There is, nonetheless, an aspect of sustainable development in
a social and economic sense that should be a warning light. Innovation research
in economic geography shows that there is also a negative effect of a ‘landscape’
of large enterprises when it comes to flexibility and innovation of businesses. With
respect to highly qualified labour, that should find the region attractive and consider
it as a future base for living, it is necessary to offer more than jobs as employees in
administration, public services or private companies. Creating an atmosphere that is
friendly to start-up businesses, which can survive among large companies, is vital for
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the economic diversity and sustainability of the region. The possibility of fulfilling
personal goals would be an additional incentive for young people who consider
moving to the region.

As already mentioned, the Kulunda project tried to be sensitive towards local
and regional knowledge and values. While many regional stakeholders were willing
to think and discuss about the introduction of a new agricultural technology and—
consequently—new forms of land management, research on socio-economic and
institutional aspects revealed rather sceptical voices, which were not simply against
such innovations but claimed a conceptual bias and self-confinement of the project,
which considered itself to be integrative. As the starting point of the project dealt with
concerns about soils as a vulnerable resource for generations of agricultural producers
and as a fundament for the regional economy, the definition of problems as well as
the search for solutions mainly focused on soil preservation as well as capacities
for production and carbon sequestration. Discussing economic prerequisites and
consequences with farmers using narrative interviews disclosed that many of them
cultivate an awareness for ecological relations that reaches far beyond the aspect of
soil and beyond the consciousness and rational choices for productivity and efficiency
of their enterprises. They contributed to a more modest interpretation of the project’s
findings, relativizing them in the best sense of mutual learning of scientists from
practitioners.

39.7 Relating to Concepts for Regional Development
in the Altai Krai

In 2003, the government of the Altai Krai installed a strategic programme regarding
medium-term development. It considers the region’s geostrategic position as well as
its structural strengths and weaknesses. The Kulunda project’s findings relate quite
well to some of the strategic goals set in the programme, hereafter referred to as ‘Altai
2025’. However, as the Kulunda project was designed and carried out independently
of political programmes, its epistemic goals are not congruent with the strategic
goals of ‘Altai 2025’. We, therefore, ascribe our findings to three selected goals of
the programme.

Themost noticeable link is to goal no. 6, which can be summarized as ‘accelerated
development of the agricultural sector while not overusing the natural resources of
the region’, which should be connected to goal no. 7: ‘rational use of natural and
land resources’. As the Kulunda project started, the region was characterized by
non-sustainable use of the potentially very productive soils. Therefore, the project
aimed at creating new knowledge for the development of a more sustainable, namely
soil preserving, land-use system. This approach centres on no-till technology, which
provides better soil protection than conventional ploughing and stabilization of soil
structure. Furthermore, it aids in preserving higher soil moisture contents, thereby
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counterbalancing the high variation of precipitation during the vegetation period in
dry years.

As investments for this technology are rather high, it is mainly affordable for very
profitable and financially sound enterprises and agro-holdings. Other companies
strongly rely on credits, a fact that links to strategic goal no. 2 of ‘Altai 2025’ which
generally addresses ‘improvement of productivity’. The findings of the Kulunda
project concentrate on agricultural farms, where productivity can still be improved,
even though growth rates have recently increased. However, the capital stock ofmany
companies often does not allow for larger investments. Furthermore, many farmers
and smaller companies are sceptical about their debt burden and about the conditions
for obtaining new credits. Understanding ‘improvement of productivity’ as a regional
goal, what then should include a larger number of agricultural enterprises in the
region, makes access to credits for investments in order to improve productivity a
crucial requirement. The project’s empirical work shows, though, that in the financial
system, including banks and agricultural policy, there is still a lot to do to improve
the support for agricultural entrepreneurs.

‘Altai 2025’ is very aware of the necessity to improve the living conditions for
a larger share of the population of the Altai Krai. Key tasks include the increase in
employment rates and living standards. The Kulunda project confirmed the overall
tendency regarding the decline in population, as it is predicted in the programme.
However, the project did not primarily aim at an accurate estimation of population
development but rather at understanding the regional dynamics behind it. In this
respect, we find an internal differentiation, from which consequences for regional
development policy should be derived: Young adults prove to be the most active
part of mobility processes. Searching for further education, they move to the larger
settlements and particularly to Barnaul, the region’s capital. The level of attachment
to their home village or small town in this phase is still high, expressed by their
wish to work in the Altai region after finishing their studies. Many of them consider
emigration from the region only when the search for adequate employment based on
their qualification does not seem to be particularly promising. Nevertheless, when
they return to their region of origin, they often do not move to their parental villages,
but to settlements,which rank higher in the hierarchy of centrality.Over time, thiswill
result in a process of concentration, affecting all levels of centrality in the settlement
system. In-depth research could provide valuable insights regarding the underlying
motivations and structures.

The search of young peoplewith higher qualification for employment in the region
matches quite well with the complex knowledge and information, developed within
the KULUNDA project. Results showed that agriculture and land-use management
relies on constantly renewed technological and systematic innovations and therefore
needs highly developed skills. The demand for low-skilled labour, in contrast, will
further decline. Here, continuous research and development is required, as initiated
through the Kulunda project together with regional partners from universities and
farms. This is the key to a process of transformation towards sustainability, which
integrates the need for increased productivity in agriculture. The requirement of
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better qualification of the agricultural workforce will go along with the demand for
higher standards of living by young people, who have adopted urban standards.

At this point, another link to one of the ‘Altai 2025’ goals becomes relevant:
Employing the region’s geo-strategical position more consequently. One option
would be to increase regional creation of value by processing agricultural prod-
ucts to a much higher extent than at present. The quality of many raw products is
high, so that a regional branding, supported bymarketingmeasures seems promising.
Settlements of medium centrality should be strengthened through allocation of pro-
duction plants andmanufacturing works so that their spectrum of economic branches
diversifies and employment for medium and higher qualification develops. It will be
crucial that those sections of companies, that pursue innovation and development,
are allocated in the region. The founding of new and innovative companies should
therefore be particularly supported.

39.8 Lessons Learned Beyond the Project

The Kulunda project’s overarching goals were to ignite a debate and to initiate
impulses for sustainable development in the Kulunda region. Despite numerous
industrial and trade activities, agriculture is still comparatively important for eco-
nomic performance in the area but is confrontedwithmany and complexly interwoven
challenges for its development.As theKulunda projectwas part of theGermanFONA
initiative, its starting point was research on sustainable land management systems.
The approach of the geo-scientists involved was to identify problems of sustainabil-
ity as problems within a regional system which itself is embedded in larger systems
like a national or the world economy. This system is on the regional scale in smaller
geographical and thematic units, e.g. divided villages and districts. Attached to it are
often institutions and plans of administrative policy as well as official development
concepts. The respective administration and policy attempt to complexly link and
shape these in their impact on the development of the region. The Kulunda project’s
central working principle was to cooperate intensely with partners from the region
and to hand over as much responsibility and knowledge as possible to the region.
Such an actor-oriented approach proved to be successful in most fields of the project
but also had its limits.

Based on KULUNDA’s main goal of sustainably improving land use in order not
only to conserve natural resources (soil, vegetation), the results of the project also
make a contribution to climate protection and sustainable regional development.

The socio-economic sphere, its structures and recent trends in the region are
considered as the crucial environment for the implementation of new procedures
in land use and land management. New knowledge about agricultural machines
should allow for soil-protecting cultivation, but first of all should increase or secure
agricultural productivity. Around such rather technological key questions, several
subsequent research issues arose:Which trade-offs do farmers consider and accept, if
they invest in their futuremachine park?What are themid-term consequences of such
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investments? Which education and training are necessary for the intermediate-term
to maintain a continuing level of innovation in the region? How does a technological
innovation pathmatch the requirement for a stable supply of skilled labour in a region
that is known for the exodus of young skilled labour? To what extent do regional
policies already cover measures that support such an innovation path?

A key factor for the success of the Kulunda project was measures of public rela-
tions and dissemination right from the start of the project.Whilemassmedia reported
several times on the activities of the project, it was particularly important that two
groups of partners were intensely involved in the project: The first group included
those farmers who provided land for testing the various farming methods and the
machinery that were adjusted to local conditions. During ‘field days’ (open events
for farmers of the entire region), up to 300 colleagues witnessed and discussed the
pros and cons of new machinery and new methods of cultivation. The second group
included regional experts in agricultural education of all levels, from professional
schools to universities. Their analysis of curricula and descriptions of training courses
gave valuable insights into the regional system of education and helped develop
strategies on how to implement new information and knowledge.

39.9 Impetus for Cooperation and Continuing Research

The experience gained and the cooperative relations between German and Russian
scientists, farmers and representatives of the administration established as a part
of the KULUNDA project represent an excellent foundation for the continuation
and expansion of the cooperation after the funding period. Evidence for this is the
continuation of the field tests (monitoring) and the establishment of new research
projects (DFG) in the region with the involvement of more scientists. Moreover,
KULUNDA also gave new impetus to the continuation of the teaching cooperation
(DAAD project) and, therefore, a stabilization of academic collaboration within the
context of internationalization of research and instruction. This will benefit all of the
involved academic and research institutions in Germany and Russia.

The KULUNDA project also contributed to the strengthening of economic rela-
tions between Germany and the Kulunda region as well as to the exchange of experi-
ences between land users from the project area and the state of Saxony-Anhalt. This
exchange was further extended when German and Russian farmers jointly visited
colleagues in North America.

Consequently, the sustainable cooperation of science and economy with and
within the research region of Altai Krai eventually led to an improved visibility
and competitiveness for everyone involved.

Based on the KULUNDA experience and the established cooperative relations, a
group of project leaders and representatives of German SMEs successfully applied
for the continuation of a research and development undertakingwithin the framework
of the CLIENT II funding initiatives of the German Federal Ministry of Education
and Research and its Research for Sustainability (FONA) platform. The main goal of
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CLIENT II is the promotion of sustainable international partnerships in the fields of
climate, environment and energy. CLIENT II represents another contribution towards
the implementation of the BMBF-FONA3 activities with a special focus on bundling
economy-oriented international cooperation between Germany and various target
regions of the world.

One result is the joint ReKKS project (innovation for sustainable agricultural use
of resources and climate adjustment in the dry steppes of Kazakhstan and South-
western Siberia), which was approved and launched in fall 2017 by a group of
KULUNDA stakeholders. This can be considered as another contribution towards
the implementation of the FONA framework programme as well as the EU’s Central
Asia strategy for the same region, using Kazakhstan as an example. ReKKS (www.
rekks.eu) linked experiences and methodical approaches from the Eurasian steppe
belt in Southwestern Siberia to the agricultural lands in Northern Kazakhstan, char-
acterized by (high-continental) dry steppes with even less precipitation and mainly
Kastanozem soils. These areas were the prime targets of the Soviet Virgin Lands
Campaign during which, in today’s Northern Kazakhstan alone, a total of 25 mil-
lion hectares of steppes were converted to arable land between 1954 and 1963. This
ecosystem conversion was accompanied by an expansion of settlements and infras-
tructure as well as a population increase.

Compared to the KULUNDA project in the Russian Altai foreland, the ReKKS
project area is characterized by steppes with a drier and more continental climate,
but also by different political and economic factors affecting agricultural land use
and, consequently, the development of ecosystems. By drawing from the experiences
and findings of the KULUNDA project as well continuing field experiments in test
areas in Northern Kazakhstan representing a soil-climate gradient, ReKKS wants to
develop, test and implement intelligent forms of land use which conserve natural
resources. It is important to take into account the effects of a changing climate
and therefore contributes to the sustainability of these rural regions with a special
focus on integrated ecosystems and climate protection. Both projects, KULUNDA
and ReKKS, provide exemplary impetus to use natural resources in these tempered
grassland biomes in a more sustainable manner. This is meant to contribute not only
to the adjustment of land use to changing natural and socio-economic conditions but
also to global climate protection. At the same time, the experiences gained from this
model region can also help to increase the significance of the Eurasian steppes as
a part of the world’s ‘bread basket’ regarding their potential for easing the world
nutrition problem. The research findings from KULUNDA and ReKKS not only
contain incentives and methods which have already been tried and tested in practice
but also unlock research and land potential existing in these regions. The latter relates
to the former agricultural land which in part remains unused to this day after it
was abandoned following the political change. Results that show opportunities and
perspectives for a restoration of this ecosystem and an optimization of ecosystem
services beyond the function of carbon sinks will be in high demand in the future.

http://www.rekks.eu
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