
27Biological Techniques to Increase
the Fertility of Sandy Soils
and Cropping Sustainability
in Glacial Agricultural Landscapes
of the Non-Chernozem Zone
of Russia

Tatiana Yu. Anisimova

Abstract

Many landscapes of the Russian Non-
Chernozem zone are shaped by former glacial
periods. The relief is sloped, soils are of sandy to
loamy texture and some adverse factors restrict
soil fertility and crop yield potentials, such as
erosion risk, imbalanced water regime, and
acidification. However, if located in the vicinity
of big cities, they have potential for agriculture.
Soil-conserving management approaches are
required. We developed a system of innovative
measures for improving soil fertility on sandy
soils in a glacial landscape of Central European
Russia. The measures enhance agricultural
productivity and reduce the negative impacts
of agriculture on the environment. They include
landscape-specific cropping of perennial
legumes and a comprehensive method for
protecting sloped soils from water erosion. The
method consists of using contour bands of crops
on the slope, combined with the cultivation of
perennial lupine as a green manure in bands
between grain and tilled crops, and the technique
of applying green manure as an organic fertil-
izer. We have tested this on eroded
soddy-podzolic sandy soils in the Vladimir area.

It is shown that sowings of perennial lupine not
only prevent the erosion of soil and the leaching
of mobile nutrients beyond the root layer: the
test also had a positive effect on the productivity
of winter rye and maize for silage, on indicators
of soil fertility, on the agrophysical properties of
soil, and on stocks of productive moisture in the
vegetation period. The possible implementation
of this approach in the landscape requires
landscape planning and design work. This
includes finding the optimum structure of
cropped lands by distinguishing them further
from arable land, in order to fully use the
bioclimatic resources of an agrolandscape by
cultural plants, on the one hand, and the
achievements of compulsory improvement of
the environmental features of the cultivated
plant kinds, on the other. Agricultural experi-
ments and the expertise of the All-Russian
Research Institute of Organic Fertilizers and
Peat are part of national and international
innovation projects and monitoring programs.
They provide a basis for the sustainable devel-
opment of agricultural systems and the creation
of landscape-adapted local food chains in Cen-
tral Russia.
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27.1 Introduction: The Need
for Conservation Farming
on Sloped Land

The most widespread kind of soil degradation in
the world is water erosion. In Russia, the land
degradation due to water erosion at the end of the
last century was caused by excessive plowing of
sloped soils and irrational farming practices by
agricultural enterprises. The proportion of plo-
wed land in relation to total agricultural land is
particularly high in Russia. According to statis-
tical data, it was about 60% at the end of the last
century, while it was only 29% on a global scale
(Gordeev and Romanenko 2008). Many sloped
lands were converted to cropland and were plo-
wed annually in the second half of the last cen-
tury (Gordeev and Romanenko 2008; Savich
et al. 2015; Anisimova 2015a). More land was
plowed along slopes. It is a well-known fact that
the formation of runoff begins at slopes of 0.5–
1°. Water erosion effects are complex and
diminish the soil’s fertility, ecological perfor-
mance and security for plant cropping (Nemtsev
2005). As a result of surface runoff and erosion,
soils lose particularly fine clayey particles and
humus (Pannikov 2003). The potential com-
pactibility of the soil substratum increases. This
can lead to a very deep compaction of soil caused
by heavy agricultural machinery. The consoli-
dation of arable and cultivation horizons is
assured thanks to the great depths of agricultural
machines. But all of these factors contribute to
the ecological degradation of land due to water
erosion, and demand urgent systemic measures
(Rasmussen et al. 1998; Kiryushin 2010;
Masyutenko 2016; Pimentel 2006; Naliuhin et al.
2018).

Soil fertility and production efficiency are
related to the soil properties, mechanization,
fertilizers, the farmer’s knowledge, soil defi-
ciencies, and other factors. Crop yields are lar-
gely restricted if these factors are set at a
minimum (Zaydelman 1991; Grunark et al. 2001;
Mueller et al. 2010). On sloped land, available
soil moisture for plant growth can be one such

limiting factor. In crop rotations in adaptive
landscape systems, attention must be paid to the
revitalization of biological factors (cultivation of
leguminous and bean cultivars, farmland leveling
of green manure, straw, crops of intermediate
cultivars), their placing depending on the slope
exposure, the influence of culture on conserva-
tion, etc.

27.2 Glacial Landscape Under
Study: The Meshchersky
Lowland

Glacial landscapes cover a large part of the
Russian Non-Chernozem zone. The Meshcher-
sky lowland is located in the center of the East
European lowland, includes parts of the Moscow,
Ryasan and Vladimir Regions and covers about
40 thousand square kilometers. In geomorpho-
logical terms, the territory of the Meshchersky
lowland represents a typical rolling glacial
landscape, consisting of moraine deposits, sandy
outwash and further elements of the glacial ser-
ies. Its geomorphology is characterized by rela-
tively small differences between high and low
plains. Most soils in the glacial part of the
landscape (Fig. 27.1) are sandy to light loamy in
texture and mainly of the sod-podzolic type
(Luvisols, Albeluvisols/Retosols and Regosols)
(Fig. 27.2). Regional parts of watersheds and
gentle slopes up to 2° are suitable for arable
lands.

The Meshchersky lowland is well-studied and
has undergone increasing dynamics within the
past 250 years (Matasov 2017). According to the
existing land use classification scheme, the best
soils are in the leveled plains (Kiryushin 2010).
Flat surfaces are of little use for the cultivation of
winter grain and row cultivars, owing to their
limited soil drainage and the heterogeneity of the
soil cover. Sloped lands are better drained and
subject to agriculture. However, erosion control
actions are required here to prevent soil washout
and the loss of biogenic substances from arable
land.
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27.3 Properties of Sandy Soils
in the Region

Sod-podzolic sandy soils are widespread in the
Meshchersky lowland. They formed under
coniferous and mixed coniferous-deciduous

forests on carbonate-free rocks in a cold climate
and leaching water regime. They have adverse
hydrophysical properties, alternating between a
lack and surplus of moisture. The structure and
agronomically valuable properties of these soils
require permanent improvement (Zaydelman
1991; Lukin 2009; Ivanov 2014).

Fig. 27.1 Agrolandscape at the Vyatkino research site,
located in the north of the Meshchersky lowland. The
research site is located in a relatively level part of the

slightly rolling landscape. Harvested field of cereals with
Lucerne underseed. Photo courtesy of Lothar Mueller

Fig. 27.2 Typical sandy sod-podzolic soils on Pleis-
tocene parent material at the Vyatkino research site. Using
the international soil classification system WRB, the soil
on the left is a Cutanic Albeluvisol (Dystric, Densic,

Arenic) (WRB 2006). The soil on the right is a Haplic
Stagnosol (Arenic). These soils are found in moist parts of
the landscape. Photos courtesy of Lothar Mueller
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Soils are characterized by a low humus con-
tent (1–4%), the acid reaction of the soil solution,
a low absorption capacity, and unsaturated bases.
The thickness profile is 70–100 cm deep, but the
upper humus (topsoil) is shallow: about 12–
20 cm. The bulk density of soil ranges from 1.2–
1.7 g/cm3, with values of 1.5–1.7 already indi-
cating a certain level of soil compaction.

The soil’s light texture, especially in its upper
part, determines its chemical properties and fer-
tility. The organic matter (humus) shows not only
a predominance of fulvic acids over humic acids
(HAs), but also the very special qualities of HAs.
They are dominated by brown HA, which results
in certain properties which are unfavorable for
agriculture: insolubility in water, which limits
their bio-stimulating effect on plant growth, and
—most importantly—a poor ability to keep cal-
cium from leaching. This makes it impossible to
achieve durable liming effects to eliminate their
acidity. This technique must be repeated peri-
odically, within a few years.

The total nitrogen content in the topsoil does
not exceed 0.1%, and hydrolysable nitrogen
compounds are 6–56 mg per 100 g of soil. The
total phosphorus content is also low, not
exceeding 0.03–0.05%; based on the weight of
the plow layer this is about 0.9–1.5 t/ha. At first
glance, these stocks may seem sufficient. How-
ever, most phosphorus in these soils is associated
with single oxides and does not contribute much
to plants’ intake of phosphorus.

A lack of clay minerals and low absorption
capacity are the reason for the low potassium
content in these soils. The total potassium con-
tent in the topsoil is 0.3–0.5%, rarely exceeding
1%. No more than 1–2% of soil potassium is
found in forms available to plants.

The reaction of the arable layer is in the
slightly acidic range, due to the periodic liming
of arable land. With depth, the acidity increases
to medium acid values in the middle part of the
profile and strongly acid and very strongly acid
values in the lower part.

The content of exchange bases in the arable
horizon is low. However, given the low hydro-
lytic acidity, the base saturation of the arable
horizon is low to moderate. At lower depths,

hydrolytic acidity increases more substantially
than the content of exchange bases. Therefore,
the degree of saturation of the soil-absorbing
complex falls.

Overall, sandy to loamy soils in the region
have a poor to moderate soil structure and a low
overall soil quality and crop yield potential as
compared with other soils in Russia and around
the globe (Mueller et al. 2013). However, the
regional market situation for agricultural prod-
ucts is very favorable. The cities of Moscow and
Vladimir are located within the region, and
Nizhny Novgorod is also not far away. Thus, the
potential for profitable agriculture is high.

27.4 Lupin Cropping to Improve
Soil Fertility and the Crop
Yield Potential

The systematic application of organic and min-
eral fertilizers allows the fertility and productiv-
ity of soils to be increased. Traditional fertilizers
should be applied first of all to the best land,
instead of eroded land (Edmeades 2003). This
especially concerns liquid manure: on slopes it
can be used only in the presence of intrasoil
entering techniques to prevent liquid fraction
washout.

In crop rotations in landscape-adaptive farm-
ing systems, we should pay attention to the
activation of biological factors (cultivation of
legumes, incorporating green manure), and their
placement in the soils prone to erosion.

Organic fertilizers, including green manures,
help improve many agronomically important
properties of soils (Lukin 2009). Nitrogen-fixing
legumes play an important role in agricultural
systems as well. They are important for human
nutrition, as forage crops and for improving soil
fertility and productivity (Reckling et al. 2018,
Franco et al. 2018, Cernay et al. 2018). Other
deep-rooting plants can be important as pioneer
plants for soil improvement, too (Dresbøll et al.
2019).

Lupin (Lupinus spec.) (Fig. 27.3) plays an
important role in improving sandy, poorly culti-
vated soils of low fertility in our study region.
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Lupin promotes the formation of a suitable soil
structure. Lupin has a powerful root system
which enters deep soil layers, reclaiming them
and paving the way for other crops to form deep
roots. (Solovyev 1971). Perennial lupin crops not
only prevent various kinds of erosion, but also
reduce the leaching of mobile nutrients from the
root zone. In connection with a severe deficiency
of manure and composts (now used to fertilize no
more than 9.2% of crops in the agricultural
enterprises), the use of peat as a fertilizer triggers
increasing the mobilization of vegetative
resources directly at the place of their growth.

Using locally available peat can compensate for
unproductive, irrevocable humus losses.

In adaptive agriculture on sloping lands,
erosion-protecting crop rotations are important,
forming a protective plant cover in the most
critical periods of heavy rainfall. When creating
rotations in agrolandscape farming systems, we
have difficulties in meeting plants’ nitrogen
requirements. The nitrogen problem in agricul-
ture possibly needs to be addressed through
biological nitrogen, without the need for costly
nitrogen fertilizers. For these purposes, the rota-
tion should include more legumes, which are
widespread and adapt to all forms of green
manuring.

Lupin acts as an economical biological ame-
liorant and prevents the migration of mobile
nutrients in groundwater or the accumulation of
nitrogen, phosphorus and other plant nutrients in
soil organic matter (Trepachev 1999). Lupin’s
ability to absorb phosphorus compounds is
associated with the high cationic and
aminoalkanoic capacity of the roots of this cul-
tivar in comparison with other plants (Kupsov
and Takunov 2006).

Aerial organs of lupin mineralize faster than
other plant residues, and are to a greater extent
humic with the formation of “labile” humic
substances, which are a measure of effective soil
fertility (Pannikov 2003). Experiments have
shown that green manures contribute to the
mineralization of humus in the soil and thus
increase the availability to plants of soil nitrogen.
In addition, the plants themselves, developing a
stronger root system in the fertilized environ-
ment, are naturally able to use more soil nitrogen.

Lupin can be grown on very different soils. In
connection with the presence of a powerful root
system—a tap root with side branches (Fig. 27.3)
—lupin is also able to improve heavy, moist,
tight clay soils with a dense subsoil, and soils
with stagnating groundwaters. A very important
feature of lupin is its ability to fix atmospheric
nitrogen with the help of specific races of nodule
bacteria. As it produces its own nitrogen, lupin is
independent of the nitrogen supply in the soil,
explaining its low demands regarding soil
fertility.

Fig. 27.3 Perennial lupin is a deep-rooting crop. It is
used for subsoil improvement and as green manure. The
preparation of a lupin plant is presented by Dr. Sergei
Lukin. Photo courtesy of Lothar Mueller
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With regard to potassium, lupin is the most
demanding of all legumes. It vigorously absorbs
potassium at low or high soil contents, especially
when growing on loose soils (Kuptsov and
Takunov 2006). Potassium reduces the growing
period, hastens the ripening of beans and seeds.
Its deficiency adversely affects nodulation and
nitrogen fixation activity. With a lack of potas-
sium, the flow of phosphorus to the plant slows
down, which reduces the intensity of metabolic
processes and the level of productivity.

Agronomic practices such as timing and
methods of their incorporation influence the
effectiveness of cover crops. One of the reasons
hindering the effective use of green manure is the
lack of machinery for its incorporation into the
soil. The greatest effect of green manure is
achieved when chopping, disking and subsequent
plowing takes place 2–3 weeks before the sow-
ing of winter grain crops (Anisimova 2002). In
this case, by the time the winter cereals sprout
and are tilled, the mass of green manure is
decomposed to a state that has a positive effect
on the development of plants.

Thus, the role of leguminous cover crops in the
environment is that they require little or no nitro-
gen fertilizer and thus protect water sources from
contamination by nitrates, without at the same time
reducing the yield and quality. Leguminous cover
crops not only enrich the soil with nitrogen, but
also protect it from wind and water erosion, and
recycle residual nitrogen and ash fertilizers.

27.5 Our Contoured Cropping
Approach: Experimental Setup
and Control Parameters

Our approach consists of contoured soil man-
agement and cropping in combination with
perennial lupin growing as green manure, crop
rotation and optimization of the organic and
mineral fertilization of plants.

Contoured tillage and cropping are interesting
approaches for reducing erosion on sloped lands
(Quinton and Catt 2004). The role of root sys-
tems in the formation of humus and improved
soil fertility is greater than the above-ground

plant mass (Summerell and Burgess 1989). The
lupin root system structures and fixes the soil,
reducing surface runoff and increasing vertical
drainage. In the fields occupied by the green
manure, the wind speed in the surface layer is
curbed, so wind erosion is drastically reduced.
Cover crops prevent mobile nutrients from
leaching beyond the root layer.

Research has been conducted on the land of
the All-Russian Research Institute of Organic
Fertilizers and Peat (VNIIOU), located in the
Sudogodsky district, in the Vladimir area. A sta-
tionary field experiment was conducted. The soil
is a sod-podzolic sandy loam soil, formed on red-
brown loam covering the moraine; according to
IUSS Working Group WRB (WRB 2006) these
are Umbric Albeluvisols. The average annual
temperature in the Sudogodsky area of the Vla-
dimir region is 3.9 °C. The sum of biologically
active temperatures is 2000–2100 °C. The
annual rainfall is 560–590 mm. In most years of
research, the meteorological conditions were
close to the mean multiyear observations.

The experimental layout was designed
according to the standard techniques on a slope
of a south-southwest exposure, with a slope of 2–
3.5° (Lyakhov 1975; Dospekhov 1985; Roma-
nenkov and Kuzyakova 2000).

All mechanized means of soil processing and
their direction coincided with the isolines of
altitude (contours), except for a control site per-
formed across a slope. A strip with perennial
lupine was placed between the grain and row
cultivars. Strips of identical width (10–12 m)
were located along the contours (horizontals) of a
slope, running parallel to each other (Fig. 27.4).

The volume of eroded soil on the slope was
determined by the total volume of erosion rills
and gullies, formed due to the erosion and
denudation of soil by meltwater streams and
storm water. After the flow of meltwater or rain
falls across the slope perpendicular to the flow
lines for a length, for example, of 100 m, a
stretched measuring tape is used to measure the
width and depth of all the resulting rill erosion,
and calculate the total cross-section. Then the
weight of the washed-away soil is determined, if
the average density is known (Surmach 1976).
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The row crops were cultivated with corn and
winter rye. Before the cultivars were planted, a
mineral fertilizer (N60P60K60) was introduced
into the soil. Green lupin biomass was added
during the bean ripening phase and scattered on
the soil using the KIR 1.5 mower. Figure 27.5
shows a green lupin biomass under a winter rye
enclosed in soil after mowing and crushing, 10–
14 days prior to crops.

An essence of the technique for calculating
the erosion is as follows: after thawed snow or a
downpour has drained off across a slope or per-
pendicular line of a contour, for example, the
width and depth of all washouts are measured for
100 m along the stretched measuring tape and
then their total section is calculated (Anisimova
2015b).

If the section of undermining remains invari-
able for a slope strip of 10 m width (5 m uphill
and 5 m downhill from the planned alignment),
then the volume of the washed-off soil is calcu-
lated in an area of 0.1 hectares. Further, the
weight of the washed-off soil is known if its
average density is defined (Solovyev 1971; Sur-
mach 1976).

27.6 Main Results of the Soil
Conservation Farming System

The tested system performed well. It showed that
for differentiated use of slope soil fertility placing
the crops in contoured strips with a combination
of long-term lupine application and fertilizer is
highly agroeconomically efficient. The positive
influence of this combination on the efficiency of
cultivars, soil fertility indicators, agrophysical
soil properties and the stocks of productive
moisture in plant vegetation is thus established.

Decrease in soil loss due to erosion. The soil
washout when cultivars are placed on contoured
strips was compared with the traditional longi-
tudinal method. As a result of research, it was
established that the soil washout after 3 years of
supervision decreased on average by 2.9–3.7 t
ha−1: the soil contained an additional 200 kg
humus, 10–15 kg of nitrogen, 50–60 kg of
phosphorus and 120 kg potassium. Long term,
for the second year of lupine, in the ripeness
phase there was 28.7 t ha−1 of elevated weight on
average, containing 300–370 kg NPK.

Fig. 27.4 Contour-band placement of plantings on the slope. The photo shows that the strips with the lupine are
located between the bands of grain and row crop cultivar. The bands contour the slope
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Improved agrophysical properties. Superfi-
cially leveled green lupin biomass is promoted by
its fast mineralization, resupplying the arable layer
of earth with nutrients, positively influencing its
agrophysical properties (Table 27.1).

The improvement of the agrophysical prop-
erties of the soil under crops planted in strips
across a slope has positively affected the process
of water infiltration, as confirmed by the stocks
of productive moisture in the soil. The lowest
stocks of productive moisture were on a control
area of longitudinally plowed land and inter-row
processing in a root penetration layer of earth
when corn was planted from May to September.
On a watershed and an average part of a slope,
this indicator was higher in comparison with the
bottom part of a slope and the control with lon-
gitudinal processing.

The improvement of the soil’s agrophysical
properties under crops placed in strips across the
slope had a positive impact on the process of
water infiltration, as confirmed by the figures for

the stocks of productive moisture in the soil
(Table 27.2).

Thus, in the case of winter rye cultivation,
springtime stocks of productive moisture at the
top and middle part of a slope after the plants had
grown were half again in comparison with the
bottom part of a slope and the eroded control
area, when corn was cultivated on silage.
Towards the beginning of the crop harvesting
(August), the difference in stocks of productive
moisture on different elements of a slope leveled
out.

The reserves of productive moisture were the
lowest during the control longitudinal plowing
and inter-row cultivation at a soil depth of one
meter, when growing corn for silage and winter
rye for grain from June to September. When
using the contoured placement of crops, reserves
of productive moisture were higher than the
control on all elements of the slope, mainly due
to a decrease in water runoff, and in the water-
shed area also a high content of clay particles and

Fig. 27.5 The introduction
of green lupine mass on the
adjacent lane

Table 27.1 How organizing land-use areas into contoured strips affects some agrophysical properties of soil

Placing of crops concerning a
slope

Dry bulk density,
g/cm3

Particle density,
g/cm3

Porosity,
%

Total moisture
capacity, %

Along a slope (control) 1.37 2.58 47.0 25.6

Across a slope, contoured
cropping

1.30 2.50 48.0 28.7
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the proximity of the occurrence of an imperme-
able horizon. Thus, during the cultivation of
winter rye, stocks of productive moisture at a
depth of one meter below crops grown across the
slope in June, in the period of intensive growth of
above-ground plant biomass, was 2.1–2.5 times
higher compared to the control eroded area and
was estimated as good and satisfactory according
to the classification of Vadyunina and Korchag-
ina (1986). When corn silage was cultivated in
the same period, the stocks of productive mois-
ture exceeded the control by 1.6–1.7 times and
were assessed as satisfactory. At the beginning of
crop harvesting (August) with maize and winter
rye on the different elements of the slope in
variants across the slope, reserves of productive
moisture were estimated as good, and in the
control as satisfactory. A strong inverse rela-
tionship was established between the stocks of

productive moisture in the soil and yield of
crops: when growing winter rye, the correlation
coefficient was 0.97, while it is 0.86 when cul-
tivating corn silage. Thus, the contour-band
placement of crops combined with the applica-
tion of green manure had a significant positive
impact on stocks of productive moisture at a soil
depth of one meter.

Improved agrochemical indicators. It has
been established that there is a positive influence
regarding soil protection and the amount of green
manure entering the soil, as agrochemical indi-
cators, on an arable land layer. The greatest
maintenance of mineral nitrogen was noted on a
separate water segment and average parts of a
slope. The decrease in the humus during longi-
tudinal processing was about 0.14–0.16 t per
year, which is 15–18% more than when land use
is organized in contoured strips. Average losses

Table 27.2 Stocks of
productive moisture in soil,
mm

Variant Cultivar Layer of soil, cm

0–60 0–100

June August June August

Control Winter rye 42.4 85.8 54.7 100.8

Watershed (top position) - ″ - 57.5 88.3 116.4 170.9

Middle part of slope - ″ - 81.0 84.2 134.0 161.0

Bottom part of slope - ″ - 40.5 87.0 78.4 169.0

Control Corn on silage 55.2 58.2 124.6 118.6

Watershed (top position) - ″ - 60.7 73.7 113.1 134.8

Middle part of slope - ″ - 66.0 68.7 126.0 124.0

Bottom part of slope - ″ - 34.0 75.4 130.0 136.1

Table 27.3 Influence of
application fertilizers and
slope elements on the
productivity of grown
cultivars (an average on
3 years), t ha−1

Variant Winter rye Corn on silage

Productivity Increase Productivity Increase

Placing crops along a slope

Control 1.64 – 11.5 –

Placing crops across a slope

Watershed (top position) 2.49 0.85 19.0 7.5

Middle part of slope 2.62 0.98 14.7 3.2

Bottom part of slope 2.65 1.01 15.8 4.3

Least significant difference
(LSD 0.05)

0.42 3.0
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of biogenic elements in the control sample in
comparison with other variants of the experiment
were greater for mobile phosphorus (by 18.5%),
exchange potassium (by 37%) and the sum of
exchange bases (by 44%).

Higher crop yields. There is a marked differ-
ence regarding the productivity of crop yields
between slopes, along slopes (control) and across
slopes (experiment), with a significant increase in
productivity for the experimental crops. For win-
ter rye, the increase in green biomass is between
51.8–60.1% and for corn it is 27.8–65.2%
(Table 27.3). The highest increase in the grain
yield of winter rye was observed in the lower part
of the slope, and that of green corn mass in the
watershed, which may also be due to the botanical
characteristics of the cultivated crops.

27.7 Conclusions

1. Most soils of the Non-Chernozem zone of
Russia are located in the boreal zone, many of
them in glacial landscapes. They are of sandy
to loamy texture and some adverse factors
restrict the soil fertility and crop yield
potential, such as erosion risk, imbalanced
water regime and acidification. However, if
located in the vicinity of big cities, they have
great potential for agriculture.

2. Agriculture requires skilled and innovative soil
and land management to achieve high crop
yields and avoid negative impacts on the soil,
water quality, atmosphere, and biodiversity.

3. We tested a contoured cropping approach in
combination with soil improvement thru
perennial lupin growing on buffer strips.
Perennial lupin growing was the most effi-
cient as green manure and a soil stabilizer.
The approach performed well in terms of
significantly lower erosion rates, better agro-
physical and agrochemical soil properties and
higher crop yields.

4. The practical application of the approach is
still an unresolved problem. However, the
experiment shows that landscape-adapted

approaches are a feasible means of solving
key problems of agriculture on sandy and
sloped soils.

5. The expertise of the All-Russian Research
Institute of Organic Fertilizers and Peat is part
of national and international innovation pro-
jects and monitoring programs. This is a basis
for the sustainable development of agricul-
tural systems and the creation of landscape-
adapted local food chains in Central Russia.
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