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Foreword

Government of Nepal
NEPAL AGRICULTUR SEARCH COUNCIL
E i by the of Nepal under

icultural Research Council Act, 2048 B.S.)

QS W 1. ? ......... Division) |
Ref. No.:- %%ﬁ“d% NARC Building

; ; Plaza, ™ Singhdurbar Plaza
Dispatch No.:- F I%M&W Kathmandu

NEPAL

Achieving food and nutrition security is always a challenge. Increased pressure to grow quality
food under increasing human population, market preferences, and climate change are some of the
triggering factors that demand to make soil sustainably productive. Understanding soil and
making it more productive has been a prime concern in the agriculture sector. Nepal Agricultural
Research Council (NARC) is conducting dynamic research on soil science since its
establishment and has developed and generated several technologies for soil management.
Attempts to understand the complexities and interactions among different factors in soil systems
have resulted in broad research and publication record. | believe findings of soil research from
the beginning of soil science research in Nepal have been included in this book with wide
coverage in the soil science sector.

Climatic variation in the country has resulted in diverse soil types and systems. This demands the
wide knowledge and use of multiple strategies for better management of soil. Major problems
noted across the country are soil erosion. soil acidity. and nutrient mining which accelerates land
degradation. Knowledge. both basic and applied. in soil science is therefore needed to make the
diverse soil systems more dynamic and productive. Nepalese soil scientists must be applauded
for their relentless efforts in developing comprehensive information regarding the soil status of
Nepal through this book entitled “The Soil of Nepal”. | am confident that this book helps
national and international audiences about soil types and class of Nepal. | also hope that this
resource has met the learning goals of researchers. students. and development professionals to be
well acquainted with the foundations of soil genesis. management. utilization, and conservation.

I am very pleased with the efforts put by the Nepalese soil scientists in bringing this excellent
publication as an outcome of their long years of experience and knowledge. | thank the editors,
authors, and co-authors for their hard work and the strong team spirit they demonstrated in
developing and bringing out this publication. I believe that this book will serve as a valuable
reference for researchers, development professionals. students, academicians, farmers. and
relevant stakeholders not only in Nepal but globally as well.

Deepak Bhandari, PhD

Executive Director

Nepal Agricultural Research Council
Singhadurbar Plaza, Kathmandu

Mailing Address: P.O. Box 5459, Kathmandu, NEPAL
Phone: (+977-1) 4262663, 4262585, 4262567, 4262504, 4257805 Fax: (+977-1) 4262500
E-mail: gdnarc@nte.net.np, Website: htto://www.narc.aov.np



Soil formation in Nepal is dynamic due to continuing active weathering that makes Nepalese
soils young and fragile. Nepalese farming is largely based on the soil medium and must ensure
food security for around 29 million people. Globally, soil solely produces 95% of the food
required for human beings, making soil vital for human food and nutrition security along with
delivery of numerous eco-system services. The importance of soil is even more pronounced
for food production in Nepal due to its landlocked geography. To ensure food and nutritional
security, maintaining and enhancing soil fertility is of prime importance. Soil fertility is
governed by a multitude of factors, including parent materials, soil types, input management,
soil microbial activity, and many others. In this book, we elucidate different aspects of soils to
inform national and international readers about the key features of the soils of Nepal. We also
aim to make this effort a national soil reference book that will help others understand the
young and dynamic soils of Nepal.

There have been numerous soil studies conducted in Nepal but most are produced as gray
literature or inaccessible journal articles, and very few open-access articles are available.
Because researchers and academics have always struggled to find consolidated information on
the soils of Nepal, our contributing authors have together collected more than 1500 references
to assemble the key information about Nepalese soils in one place. We have decided to publish
this book as part of the “World Soil Book Series” to make this information available to global
audiences who are eager to learn about the soils of Nepal. We believe this book will fulfill
readers’ quests to some extent.

The authors in this book are subject matter specialists for their respective chapters who
understand Nepalese soils from both local and national perspectives. Authors from geology,
environmental, and soil backgrounds together combined their efforts to make this book
informative. The affiliation of authors to different institutions, such as the Nepal Agricultural
Research Council, Kathmandu University, Institute of Forestry, Institute of Engineering, the
International Fertilizer Development Center, the University of Tennessee-Knoxville, New
Mexico State University, University of New England, and Chinese Academy of Sciences,
among others, showed a wide range of collaboration. This collaborative work helps to shape
the book chapters concisely and comprehensively for the global academic community.

Lalitpur, Nepal Roshan Babu Ojha
Knoxville, USA Dinesh Panday

vii



This book, The Soils of Nepal, would not be possible in the current shape without the support
of our valuable authors who agreed to write each of its chapters. Our sincere thanks go to all
lead authors and co-authors of this book. We are grateful to Dr. Renuka Shrestha, Chief of
Agronomy Research Center, NARC, for her valuable suggestions; Prof. Roshan Man Bajra-
charya for reviewing chapter “soil issues and future perspective”; and are equally grateful to
Dr. Deepak Bhandari, Executive Director of NARC, for providing a graceful foreword. We
would also like to thank Mr. Ian Rogers for his English editing service, Er. Bikesh Twanabasu
for mapping, Mr. Suresh Rettagunta facilitating during book publication process, and series
editor Prof. Alfred E. Hartemink for providing critical review and feedback on the book.
Additionally, this book would not come to this shape without the reference work and data
collected by several researchers and institutions. We would like to pass our immense gratitude
to all those who involved including National Land Use Planning project, Nepal. Finally, we
received immense support and best wishes from our senior soil scientists, fellows, and family
members, and wish to send them all a great round of applause.

Roshan Babu Ojha
Dinesh Panday
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Abstract

Agriculture, the cultivation of food and goods through
farming, began in Nepal thousands of years (yr) ago with
bench terraces in the hillslopes, one of the most unique
cropping landscapes in the world. Manipulation of soil in
these bench terraces exhibits the soil reference group
‘Anthrosols’ as per world soil reference base, or
‘Anthropic epipedon’as per the United States Department
of Agriculture soil classifications. However, active
weathering is still prevalent in the soils of Nepal and
generally referred to as ‘young soil’. That is why the soils
of Nepal lack a large area of old-aged soils such as
‘Oxisols,” ‘Histosols,” and ‘Vertisols.” Climate and geol-
ogy affect the formation of soil and different types of soils
can be found in different climate and geological settings
(Chaps. 3 and 4). Newly developed and fragile soil
including ‘Entisols” and ‘Inceptisols” with ‘colluvial’ or
‘alluvial’ materials covered more than 50% of the total
soil area in Nepal (Chaps. 6 and 7). These soils are
abundantly distributed in Tarai (also spelled as Terai),
Siwaliks, and the middle-Mountains (Chaps. 4 and 5)
regions of Nepal. Due to their fragile nature, they are easily
eroded by water, and require a proper land management
strategy (Chap. 10). For proper land management, it is
necessary to understand the intrinsic soil properties and
inherent fertility of the soil (Chaps. 8 and 9). Additionally,
we valued soil as it is worthy to human beings (Chapter 11).
In this book, we delve into the wide array of young
Nepalese soils that are of particular interest to the global
academic fraternity. For these reasons, we have organized
this book into 12 chapters.

R. B. Ojha (<)
Nepal Agricultural Research Council, Kathmandu, Nepal

D. Panday
Department of Biosystems Engineering and Soil Science,
The University of Tennessee-Knoxville, Knoxville, TN, USA

Keywords

Book overview * Chapter summary * Nepal * Young soil

1.1 Introduction

In the second chapter the authors provide a brief history of
soil science development in Nepal. As stated earlier, culti-
vation in Nepal began ages ago. The authors present evi-
dence that cultivation began in the region starting in 1,000
BC with reference to the ‘Vedic’ (the infamous Eastern
mythological document) land classification system. Our
ancestors were aware of soil conservation, and thus built
bench terraces to control soil erosion. However, our gov-
ernment realised the importance of the soil institution very
late. Only after 1957 was a formal soil unit established under
the Department of Agriculture. In this chapter, the authors
focus on how the soil science institute was established and
how soil science research was developed in Nepal. The
authors then present the progress of soil science develop-
ment under different political regimes. They mentioned soil
research institute (the soil science division, now known as
the National Soil Science Research Centre) was established
under the Nepal Agricultural Research Council in 1991 and
is the only formal government institution with a soil research
mandate. The authors then summarize the research work of
different research and academic institution of Nepal. In the
similar manner, the authors create an overview of soil sci-
ence education in Nepal.

In the third chapter, the authors present an overview of
the climatic system in Nepal. Five major climatic zones
(‘Tropical,” ‘Subtropical,” ‘Temperate,” ‘Sub-alpine,” and
‘Alpine’) exist in Nepal, with a drift in climate within a short
gradient toward the north. The authors illustrate this drift in
maps according to physiographic regions. This chapter
informs readers about the climatic zones, their spatial extent,
and major cultivated crops in the respective climatic zones.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 1
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The authors explained the climatic seasons, climate, and
precipitation trends of Nepal. Information on natural hazards
such as floods, droughts, frosts, and cold wave trends of
Nepal are supported by the literature. It is interesting to
understand the soil development in different agro-ecozones
and how climate change impacted the soil-forming process
in Nepal, and this chapter informs readers about the climatic
zones of Nepal and their relationship with these soil-forming
factors.

In the fourth chapter, the authors present the geology of
Nepal. Authors provide evidence of the origin of the Nepal
Himalayan region due to the collision of the Indian and
Eurasian plates, which occurred around 30 million (M) yr
ago (late Eocene to Oligocene period) during the period
new/modern life began. Since that time, the geology of
Nepal has been continuously moving and soil formation still
accelerating due to this dynamic geology. This dynamism is
well depicted in maps and is described in this chapter. The
authors describe the five geological sub-divisions of Nepal
(‘Tibetan-Tethys zone,” Higher Himalaya,” ‘Lesser Hima-
laya,” ‘Siwaliks,” and ‘Indo-Gangetic Plain’) along with the
five physiographic zones (‘High Mountain,” ‘Middle
mountain,” ‘Hill,” Siwaliks,” and ‘Tarai’). The authors pro-
vide field images of the geological zones and physiographic
zones that manifest the clarity of this chapter. Furthermore,
readers will learn how the geologic divisions of Nepal differ
in terms of geologic origin and their temporal and spatial
extent. Similarly, the authors explain the differences in
altitude, parent materials, and dominant climate types
between the physiographic zones.

In the fifth chapter, the authors illustrate the land use and
land cover change in Nepal. Land is a vital and scarce
resource, and the interaction between human activities and
land use affects the ecosystem, landscape dynamics, and
overall economy of a nation. These interactions are both
positive and negative, and the authors present evidence
covering the past 100 yr of land use and land cover change
in Nepal. The dynamics of change between agricultural land
and forested land is a worldwide issue, and Nepal is no
exception. This chapter depicts how deforestation is linked
with the expansion of agricultural areas as the authors review
land use and land cover patterns of Nepal along with their
change over time. Authors categorize land use and land
cover into agricultural land, barren land, forested land,
built-up area, shrub/grassland, snow/glacier/water bodies,
and other types of land. The chapter further discusses the
land tenure system and land use policies of Nepal as the
authors identify the constraints and strengths of sustainable
land use management and provide perspectives for better
management of the land. In summary, this chapter informs
the land use and land cover status of Nepal over the past
100 yr and provides a way forward for sustainable land use
management.

R. B. Ojha and D. Panday

In the sixth chapter, the author explains the formation of
the soil and its associated factors in Nepal. Soil formation in
Nepal is active and the recent products of weathering can be
found there. Hill slopes are continuously eroding, which
results in the loss of soil sediment from the source and
deposition of the sediment across the river valleys and Tarai
plain. Different types of parent materials are found in Nepal
in the different physiographic zones. The author lists all the
dominant rocks and minerals found in Nepal. In this chapter,
it will be interesting for readers to learn about the driving
factors of soil formation and resultant soil types specific to
the different physiographic regions of Nepal. The author
concludes the chapter with the imperatives for sustainable
land management in Nepal focusing on the outlook of soil
formation. In summary, this chapter reports on key
soil-forming factors, dominant parent materials and soil
types and future priorities and outlook for sustained land
management from the point of soil formation.

In the seventh chapter, the authors classify the soils of
Nepal and present the types of soils found in the different
physiographic zones. Each of the physiographic regions is
subdivided into different land morphological units. Soils in
each morphological unit are different and the dominant soils
in each morphological unit are well described. In this
chapter, soil types are explained in terms of both the United
States Department of Agriculture soil classification system
and the World Reference Base soil classification system.
This is the chapter that carries the essence of this book, and
as a result, the authors have gone to great lengths to make it
more informative. While a large quantity of information is
available on the soil classification of Nepal, the authors only
highlight the dominant soils found in each land morpho-
logical unit. Furthermore, the authors add examples of the
soil profile descriptions typical to each dominant soil type
along with location information.

In the eighth chapter, the authors explain the soil prop-
erties of Nepal, including the interaction of physical,
chemical, and biological properties of soil governed by the
distribution of soil particles or size fractions and influenced
by soil-forming factors. This interaction regulates most of
the soil processes that deliver different ecosystem functions
and are a source of food for terrestrial life. The soils of Nepal
are attributed with a mostly low to medium clay content.
This attribution governs most of the soil characteristic fea-
tures. In this chapter, the authors gather information on the
physical, chemical, and biological properties of the soils of
Nepal. Soil acidity is one of the major issues facing Nepalese
soils. The authors explain why acidity is a major factor in
Nepalese soils and provide ways to manage this problem.
They review the status of major and micronutrients
throughout Nepal with some interesting research results. The
information on soil microbial diversity, which itself is a
scanty work in the Nepalese context, is of great importance
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to understanding the functioning of the soil. The authors
collect as much information as possible from the real ground
data about the microbial status of Nepal. The chapter pro-
vides information about the soil’s physical, chemical, and
biological properties, particularly these problem soils and
their management in the Nepalese context.

In the ninth chapter, the authors highlight the soil fertility
status of Nepal. Food production is an absolute function of
soil fertility, which is directly linked with food security and
the gross economy of the country. Soil fertility management
practices influence the sustained food production system.
The authors provide evidence of local soil management
practices in Nepal and explain the research needs for
improving soil fertility management practices for optimum
crop production. Readers will be interested to learn how
different factors affect soil fertility status and about the
specific problems relating to fertility management in crop
production specific to Nepalese soils. The authors find dif-
ferent ways to manage the soil fertility problems in this
chapter. Fertilizer availability has always been an issue in
Nepal, and it is relevant to study the nation’s fertilizer
demand and figure out the potential sources of fertilizers to
fulfil this demand. The strength of this chapter relies on
calculating national fertilizer needs and ascertain these new
fertilizer sources. Additionally, the chapter provides some
policy recommendations for improving soil fertility in
Nepal. Throughout this chapter, readers will find information
about soil fertility governing factors, constraints to soil fer-
tility, their management, and policy recommendations for
better sustainable soil fertility management practices.

In the tenth chapter, the authors describe the status of land
degradation in Nepal. Nepal is on the verge of land degra-
dation mostly due to soil erosion. Being geologically active
with steep topography and fragile soil, the natural rate of soil
erosion is high compared to accelerated erosion. The authors
review the literature documenting the different causes of land
degradation in Nepal and provide evidence of water erosion,

wind erosion, physical degradation, and chemical land
degradation. Forest degradation is also an important issue in
Nepal, and while this may sound contradictory, the country’s
forested land is in a state of degradation due to its steep slope
and history of unscientific forest management. These factors
are explained in this chapter about the state and types of land
degradation in Nepal.

In the eleventh chapter, the authors explain the interplay
between soils and humans. Around 125 different caste-ethnic
groups reside in Nepal, and every ethnic group has cultural
values that are linked with soil. In this chapter, the authors
collect soil facts related to our culture and how it carries on
through the generations. Similarly, the authors elucidate the
role of soil in food production, food security, human nutri-
tion, and establish a close connection between soil and
human health. Healthy soils are the wealth of a nation, as
healthy soil produces food with enriched nutrients that are
directly linked with human health. Furthermore, the authors
review the land cover changes in Nepal. The authors also
present some information on soil issues resulting from heavy
metals, organic pollutants, and pathogens, and provided brief
recommendations to guide and improve soil health and
quality pollution in Nepal. The chapter informs readers
about the cultural values of soils, the importance of soil in
food security and human nutrition, and land cover change in
Nepal.

In the twelfth chapter, the authors summarize and con-
clude the whole essence of the book. The authors also
highlight researchable issues regarding the soils of Nepal,
allowing readers to understand the future perspective of soils
of Nepal. Soils in Nepal are relatively younger compared to
the rest of the world, and the active stage of soil weathering
provides an avenue of soil research for understanding this
dynamism. The authors emphasize the potential of Nepalese
soil as a research hub for global researcher. In total, this
chapter covers the research potency of Nepalese soil with
concluding remarks to the book.
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Abstract

The knowledge of soil science is as old as civilization and
was used even from Vedic times around 700 BC.
Kautillyas’ Arthashastram (400 BC) mentioned the
improvement of soil fertility and growing rice and wheat
crops in the fertile Indo-Gangetic valley. Information
regarding the systematic study of western agriculture
dating from the fourth century is available. Studies by
Robert Boyle, Francis Bacon, Arthur Young, Justus von
Liebig, and Birkland—Edie and Haber, among others, on
the development of soil fertility and fertilizer are
remarkable. It was Vasily Dokushaev’s work in soil
genesis in 1983 that the International Union of Soil
Sciences recognized and led to their including soil science
in International scientific society. The Nepalese history of
soil science dates to 1957 when soil science was
established as a unit under the Department of Agriculture
to conduct soil sample analysis and soil fertility exper-
iments. Later other units were added and gradually the
number of people working in soil science increased but
not sufficient. Scientists with soil science as an academic
qualification are lacking in the world by 40%, Nepal has
the same fate. While the national priority has been on
higher food production, little thought has been given to
the negative consequences of our actions, including land
degradation and desertification. It is imperative that we
should work hard and convince society and policy-maker
that proper attention is given to restore soil fertility and
soil health before it is too late, therefore, soil will
continue to provide the nation with goods and sustainable
services. In this chapter, we present a brief history of soil
science established in Nepal and discuss how it develops
with time.

K. B. Karki (X)) - S. P. Vista
Nepal Agricultural Research Council, Kathmandu, Nepal
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2.1 Introduction

It is believed that the science and art of agriculture began
with the evolution of human beings. Agriculture was
believed to be the main component of economics since the
third century. Farmers in those days classified land into four
types based on their productivity, and in general, farmers
could identify these different land classes: best, intermediate,
moderate, and marginal. The system of green manuring in
soil was also practiced, and locally available potential green
manuring crops were often incorporated during tillage
operation. Farmyard manure (FYM), sheep and goat manure,
poultry manure, kalimati (black clay), etc. were the main
sources of nutrients, and these methods have been practiced
since ancient times. To keep the soil more fertile, crop
rotation or the integration of legumes in the cropping system
was practiced. Terracing was also practiced in the land that
was sloped. Most often, Nepalese farmers worked in groups
for preparing land, facilitating irrigation channels, trans-
planting rice, weeding, harvesting, threshing, winnowing,
and even in safeguarding farms from wild animals.

When we consider the history of agriculture in Nepal,
systematic agriculture dates to the Rana reign where several
seeds, saplings, and animal breeds were imported from the
United Kingdom during 1850 by Janga Bahadur Rana.
Nepal had its first agriculture office or Agriculture Council
established vis-a-vis an experimental area for agricultural
research in 1922. There is some information about the irri-
gation projects developed even during the Ranas’ autocratic
regime. An irrigation channel (Chandra Nahar) at Saptari
was established for agricultural purposes between 1926 and
1927. In 1937, an agriculture technical school at Chhauni
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was established to impart agricultural knowledge, and in the
same year, an agricultural research area was also established
at Baishdhara, Balaju. In 1947, one agriculture farm at
Parwanipur of Bara District, and another small farm at
Kakani were established in 1951. Parwanipur is still an
important Agriculture Research Station, though Kakani was
handed over to other government agencies after the 1990s
movement (in 2029 BS - Nepalese date). The substantial
irrigation development during the early period of Nepal is
well documented by Gautam (2012). Apart from irrigation
development, no other achievements are mentioned in the
history of agriculture development and research activities.
The low population during that time suggests that the rice
crops harvested on that land were sufficient for the popula-
tion. Population statistics show that there were only
8,256,625 people in Nepal and production was sufficient
(Maharjan and Khatri-Chhetri 2006).

We get food, fodder, and renewable energy from soil,
including buffering, filtering, and the transformation of clean
groundwater. However, to meet the demands of a growing
population the natural way of meeting humankind’s needs
has been exploited. M K Gandhi said, “Earth provides
enough to satisfy every man’s need but not every man’s
greed.” Presently humans have overused the amount of nat-
ural resources and paved the way for a global tragedy (Singh
2011). Thus, civilization’s challenge is to reconcile the
demands of human developmental intolerances with nature.

It has been established that settlement began in the fertile
alluvial soils by riverbanks and gained development
momentum through river valleys in Asiatic regions. Human
settlements seem to have developed at almost the same time
in both western and eastern societies. Indian literature makes
clear that cultivation of the subcontinent began sometime
between 1000 to 500 BC. In Hindu mythology the Ramayan
illustrates that King Janak (ca 500 BC) plowed the
drought-stricken field and unearthed Sita, indicating that
cultivation was already present. Even in Veda (1000 BC to
800 BC), the land was classified based on its level of fertility,
such as ‘urvara’ for fertile land and ‘unurvara’ for infertile
land (Abrol and Nambiar 1997; Blume 2014). Soils that are
suited for rice, sesame, and other cereals differed. Another
piece of Vedic mythology, Kautillya’s Arthahsastra (Cha-
nakya c. 350 to 283 BC) notes the need to increase agricul-
tural productivity and farmers’ income. Similarly, rice,
wheat, and barley were first grown in the Indus and Ganges
river valleys. Evidence shows that soil was plowed several
times before seeds were sown and bullocks were used to plow
the field. While animal husbandry was practiced and cow
dung was used as manure during the same period, there is no
record of any one individual pioneering these activities.
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2.2 Soil Fertility in the Western World

Agricultural development and soil fertility maintenance in
the Western world are well documented, in Aristotle’s
Human Theory (350 BC) among other sources. Winiwarter
(2006) covers the ancient Greek and Roman scientists who
documented agricultural development at that time. Among
them were Cato (200 BC), Varro, and Columella during the
early period of the Roman and Greek Empire, who covered
agricultural practices, soil husbandry, and the relationship
between humans and the soil. Later, van Helmont (1574 to
1664) experimented with willow plants growing in soil for
5 yr while adding only water, concluding that water was the
source of plant nutrients as he found that only 200 g of soil
from the original 5 kg was lost. Robert Boyle (1661) con-
ducted a similar experiment and published his results on the
importance of humus, which came from the decay of plants
and animals. In the 1800s Humboldt recommended the use
of guano in agriculture. Later, Justus von Liebig made an
important discovery on the use of synthetic fertilizer in
agriculture (1830). Birkland—Edie (1903) processed nitrogen
(N) synthesis, and Fritz Haber (1918) manufactured
ammonia fertilizer. Despite the many scientific publications
on soil and related fields, soil science was not considered a
science until Dokushaev (1883) published a report on soil
genesis.

The soil in most countries has been always related to
agricultural production. It is accepted that increased food
demand can be met in three ways: increasing the amount of
land for cultivation; creating higher crop yields per unit of
land area; and reducing postharvest losses. Although the
substantial but marginal amount of land area can be
increased, scientists and planners believe that a greater part
of the increase must come from a higher yield. The United
Nations Food and Agriculture Organization (UNFAO/ FAO)
predicted that by the year 2050 world food production of
cereal must increase by 940 Million tons (M t) to reach a
total of 3 billion (B) t, meat production must increase by
196 M t to reach a total of 455 Mt, and oilseeds must
increase by 133 M t to reach a total of 282 M t (Alexan-
dratos and Bruinsma 2012). Since the ability to expand the
land area in most countries is limited, efforts must be made
to increase crop yield per unit area. The FAO has estimated
that more suitable land could also be brought under culti-
vation, though the exact location of this land has yet to be
identified (Young 1999). The FAO estimates that to meet the
targeted production of food by the year 2050, prime agri-
cultural land of 132 M hectares (ha) can be brought under
cultivation in sub-Saharan Africa and Latin America, leaving
1.3 B ha as free land (Alexandratos and Bruinsma 2012).
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2.3 Agriculture Research Development
in Nepal in the Post-Rana-Regime
(1951-1961)

Prior to the 1951 democratization of Nepal, the Ranas in
1935 initiated some development activities, though these
efforts were not enough to reach the people. They created the
Agriculture Board, the Bureau of Mines, the Forest Office,
and the Industrial Promotion Office, but these entities never
materialized. Similarly, in 1949 the National Planning
Committee also was formed, and a 15-yr plan was formu-
lated but never executed (Dhital 1970). Due to country-wide
dissatisfaction and the people’s movement, the Ranas’
autocratic rule ended in 1951. When they left, they had built
up practically no development infrastructure during their
104-year rule.

After Nepal’s democratization, it was up to the country’s
democratic leaders to transfer the ancient society to a mod-
ern one, though the king was still the head of state. The
country’s administrative infrastructure was well established,
whereas developmental activities needed to start from
scratch. Technical manpower was needed in every sector,
ranging from housing, road, education, irrigation, forest, and
agriculture. Nepal and the United States signed the Four
Point Agreement on Technical Cooperation just a few
months before the collapse of the Rana Regime in 1950,
under which many Nepalese scholars were sent for training
and higher education to different countries (Skerry et al.
1991). At this time, the Department of Agriculture was
established in 1952 with very little technical manpower. At
the same time, Nepal joined the Technical Cooperation
Scheme of the Colombo Plan in 1952, received scholarship
funding, and sent many Nepalese to study in foreign coun-
tries (Dhital 1970; Pant 1956). Similarly, in 1956 another
agreement was signed with the US International Cooperation
Administration to train 1,700 people for technical manpower
building through education and training. It was the begin-
ning of technical manpower building in Nepal. With the
initiation of USOM, a soil laboratory was created in Kath-
mandu (Min Bhavan) in 1953 (2010 BS), which was later
shifted to Harihar Bhavan and in 1971 to Khumaltar, where
the Soil Science Division has operated since then.

Following the visit of Mrs. Eleanor Roosevelt, the former
first lady of America (31 December to April 1952) during
the monsoon season of 1952, there was a massive flood and
landslides. In 1954, there was another landslides and flood
that killed more than 1,000 people and left 100,000 home-
less. The people in western hills suffered the most, and were
in desperate need of food grain (Annonymos 1959). In the
first year of disaster relief was provided in the form of food
aid by the U.S. Operations Mission (USOM), and the fol-
lowing year Indian Aid provided fertilizer that coincided

with Malaria Eradication Program in the Tarai and river
valleys. As mentioned by Skerry et al. (1991), an American
agriculture scientist and five former American Extension
Agents were engaged in different agriculture improvement
programs. He invited an American Soil Scientist (Surveyor),
who formed a soil survey team with two Indian soil sur-
veyors and surveyed the valley floor to understand soil fer-
tility and resettle the flood and landslide victims from the
hills. During that time, they established a field-level model
soil laboratory in 1953. Some 5,000 families resettled on
12,000 ha of land, although there was 100,000 ha of land
available to reclaim in the Rapti Valley. The Chitwan Valley
was one such area where these flood victims were resettled,
and modern agriculture was practiced there using improved
crop varieties and fertilizers.

The fertilizer donated by the USOM and the Indian Aid
Mission was mostly ammonium sulfate (NH4SOy,), single
superphosphate (SSP) and muriate of potash (MoP), and was
distributed through Tribhuvan Gram Vikash Samiti (TGVS),
an integrated rural development program that ran from 1956
t01962 (FAO 2010; Gurung 2011). The Gram Sevak (ex-
tension agents from TGVS) demonstrated the use of the
fertilizer and distributed it to the farmers in some of the
selected districts. The TGVS program was later run by the
Youth Program of the Department of Agriculture in 1962
(Dhital 1970). After the program of TGVS, it was handed
over to the Youth Program, the District Agriculture Devel-
opment Office (DADO) included farmers’ field fertilizer
demonstrations in their overall program.

When the Department of Agriculture was first created in
1951 there was limited technical manpower available.
The USOM established soil laboratories in the field in 1953
and at Kathmandu in 1956, while technicians trained in
chemistry were recruited for soil sample analysis. In addition to
Parwanipur, the Rampur model farm that was established in
1953, agriculture research stations in Bhairahawa, Nepalgunj,
Janakpur, and Tarahara were instituted in 1956 and 1957. After
1957, qualified agriculture graduates began returning from
abroad, soil fertility experiments and pocket soil surveys of the
area’s agricultural potential were carried out. A cartography
unit was also developed to prepare a soil map. Soil fertility
experiments were extended to other farms as well. More
graduates returned from abroad after receiving their bachelor’s
degrees and joined the Department of Agriculture, and some
were recruited into the Soil Science Section. All the soil sci-
entists went to the field for soil surveys and after their fieldwork
conducted laboratory analysis of soil samples. The soil survey
team began writing reports and began other soil fertility
experiments, though they were very limited. In 1960, King
Mahendra sized control and suspended elected parliament and
multi-party politics, and in 1962 promulgate a new constitution
and one-party Panchayat system was implemented.



2.4 Soil Science Under the Panchayat
System (1962-1970) to Present

There has been a gradual increase in the number of soil
fertility experiments in Nepal since they began. Variety cum
fertilizer trials were the major experiments in different crops
in different research stations. The Kakani, Khumaltar, and
Rampur farms mostly concentrated around maize and soy-
bean experiments. Other farms and stations experimented
mainly on wheat and rice crops. This was the period when
the Agriculture Association was registered and the Nepal
Agriculture Journal began publication once a year thereafter.
Several of the experiments conducted in different research
farms and stations were published. Fields such as crop
research, horticulture, livestock (including veterinary and
fisheries), and agriculture extension were all included under
the single Department of Agriculture but were headed by
section chiefs who were academically qualified and had
experience in their respective fields. This was followed by a
major change in the agricultural structure, in which the
single department was divided into five departments, viz.
Crop Science, Horticulture, Livestock and Veterinary,
Fisheries, and Agriculture Extension. Soil Science was
included under the Crop Science section. Until 1970, grad-
uates in agriculture from India and some from the USSR
joined the Soil Science Division, after which scientists were
assigned to a different unit in the section. This led to the
strengthening of the soil physics laboratory and soil micro-
biology unit.

Although work in soil science began as early as 1953,
actual recognition was made in 1957 when the Soil Science
Section was set up as a unit under the Department of
Agriculture, then His Majesty’s Government (HMG) of
Nepal headed by Bidur Kumar Thapa. This unit conducted a
soil survey, soil sample analysis, and soil fertility experi-
ments from various resettlements programs such as the Rapti
Valley Development Program and the Banke and Bardia
resettlements program. Later, units such as soil survey, soil
physics, soil microbiology, plant nutrients, and recently
Geographic Information System (GIS) and remote sensing
were added. Soil scientists were posted to the Khumaltar and
Parwanipur stations only. More soil scientists were added to
Tarahara Agriculture Farm, Janakpur Agriculture Farm,
Rampur Agricultural Station, Bhairahawa Agricultural Sta-
tion, and Khajura Agricultural Station in 1972.

Farms established for the purpose of agricultural devel-
opment felt the lack of soil scientists and recruited additional
soil scientists in their command area. These farms and sta-
tions were GADP Khairenitar, JADP Nakatajhij, Agriculture
Center Lumle and Pakhribas, and Hill Agriculture Station
Kavre. Other farms and stations where soil scientists were
recruited were Agricultural Station Doti, Jumla Agricultural
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Station, National Citrus Research and Development Centre
Paripatle, Kirtipur Horticulture Station, Malepatan Horti-
culture Farm, and the Tobacco Development Program. The
farms and stations were assigned to conduct soil fertility
experiments mostly variety cum fertilizer trials and to collect
soil samples for analysis to send to Khumaltar. The soil
laboratory at Khumaltar was overloaded and additional soil
labs were set up in some farms and stations, including
Tarahara, Parwanipur, Rampur, Bhairawa, Khajura, and
Khairenitar and later Lumle Agriculture Centre and Pakhri-
bas Agriculture Centre.

After the partition of the Department of Agriculture
(DoA) and Nepal Agricultural Research Council (NARC) in
1991, additional soil laboratories were set up. Nepal Agri-
cultural Research Council concentrated on soil related to
research and DoA in development activities such as pro-
viding soil analytical services. The soil laboratories that DoA
presently owns are at Surunga (Jhapa), Jhumka (Sunsari),
Hetauda (Makawanpur), Harihar Bhawan (DoA, Lalitpur),
Pokhara (Kaski), Nepalgunj (Banke), and Sundarpur (Kan-
chanpur), with soil scientists and required staff. Service
provided by these government laboratories can sufficiently
cater to the needs of farmers if all are run properly. Because
the governmental laboratories could not fulfill the need for
soil sample analysis, private soil laboratories were set up in
Kathmandu Valley and outside as well.

Nepalese farmers applied organic manure mostly Farm-
yard Manure (FYM) to upland crops where maize and millet
were grown. Rice crops depended on the organic matter-rich
flood sediments that entered the field through irrigation. One
source reported that 60 t ha™' of FYM had been applied by
the farmers (Karki et al. 2007). A higher amount of
FYM/compost is also applied in the Lumle Agriculture
Research Command areas (Subedi and Gurung 1991). Use
of green leaves of ashuro (Adhatoda vasica), tite pati
(Artemesia vulgaris), masyang (Vigna umbellate), dhaincha
(Sesbania cannabina), siris (Albizia amluki), and other
succulent wild plants and leaves are still used to fertilize the
rice nursery in the hills and mountain. In situ manuring by
halting flocks of animals on different fallow land and shifting
animal sheds during winter was practiced in early Nepalese
agriculture.

2.4.1 Human Resources in Soil Science

The public profile of soil science and soil scientists in Nepal
including other countries is on a level of the soil profile that
is underground and largely invisible. Globally, some soil
scientists have held the highest positions in international
organizations such as the World Bank, the International
Union of Soil Science, and International Agricultural
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Research Institutes such as ICRISAT, IRRI, etc. These soil
scientists also have received prestigious awards such as the
Nobel Prize, as mentioned by White (1997), Australian
Prizes, and the Wolf Prize for their work in soil science.
Nationally, higher positions that soil scientists have held
include Director-General of the DoA and Deputy
Director-General (DoA), Joint Secretary at the agriculture
ministry, Directors at NARC, the Dean of the Institute of
Agriculture and Animal Science, and Dean of the Institute of
Forestry. However, very little work has been done to per-
suade the public as well as the government to create new
posts of soil scientists, whereas the need for soil scientists
exists in every district and region and should be remedied if
we are to save the soil and maintain sustainable food pro-
duction in Nepal. It is not effective for the Nepalese gov-
ernment to recruit fertilizer inspectors with no knowledge of
fertilizers and soil fertility from other faculties. Another
example stemming from our lack of knowledge is that while
major soil is lost from cultivated land and soil conservation
activity is needed in upland cultivated fields, the Department
of Soil Conservation is established under the Ministry of
Forest. In short, professionals from other backgrounds are
running soil programs without proper training and technical
know-how.

With the limited number of soil scientists, we have
implemented soil and fertilizer-related programs and are
training technicians and farmers to balance the use of fer-
tilizers for higher crop yield and soil management. However,
farmers tend to forget soil fertility management when the
program training and follow-up are terminated. There have
been ample opportunities to create posts for soil scientists
and extend our activities to each district, but this has not
been possible. The number of scientists working in soil
science has been decreasing every year, and this may be due
to the government and society ignoring the importance of
soil in Nepal. The same situation has been occurring
throughout the world, and this has been a concern of the
International Union of Soil Science (IUSS) as well.

In the developed world, soil science as a discipline has
been slowly merged into other disciplines such as crop sci-
ence, geology, ecology, and environmental sciences. Now,
soil-related studies have been diverted through agronomic,
environment, and their relation to human health. Though the
number of soil scientists in the world has been lowered by
40% (Baveye et al. 2006), the number of research publica-
tions in soil science is increasing (Hartemink and McBratney
2008), indicating the importance of soil science. In Nepal
also the number of soil scientists and students in soil science
is diminishing even though we have hardly completed any
work in saving our soils. This could be due to less attention
from the Government of Nepal in the care and management
of soil and land use. Recently the Ministry of Land Reform
and Development is using soil pedology and soil fertility

evaluation as a major component in its land-use zoning
program country-wide. There is a high demand for soil
science activities to save the most fragile mountain ranges in
the world, which are increasingly threatened by large-scale
human activities. Extensive deforestation and intensive
farming on steep slopes, along with heavy population pres-
sure on natural resources have resulted in overall environ-
mental degradation (Shengji and Sharma 1998).

2.4.2 Soil Science Works Before the Formation
of NARC

From the beginning, soil science as a unit began working in
soil analysis and soil sample collection. Later, soil fertility
experiments in cereals, particularly rice, wheat, and maize
were conducted and presented in workshops organized
within the Department of Agriculture. Around 1965 an
expert in soil science from UNDP/FAO supported and gui-
ded Nepalese soil scientists in soil survey and mapping,
including soil and water analysis. This strengthened soil
analytical service, as all the members of soil survey, inclu-
ded soil fertility experiments and carried out soil sample
analysis themselves. This assured the quality of the analyt-
ical results. Soil surveys of most of the districts in Tarai and
Siwaliks have been completed, including some of the
important hills and mountain districts such as the And-
hikhola valley of Syangja, the Pokhara valley, and later, the
Gandaki and Dhaulagiri Zones. However, very few reports
have been published (Fig. 2.1).

In 1963, Dr. N. Borlaug came to India to implement his
Green Revolution technologies. This revolution revolution-
ized fertilizer, seeds, plant protection chemicals, agricultural
machinery, and water use. Intensive use of High Yielding
Crop Varieties and NPK fertilizers including maximum use
of water in irrigation no doubt increased crop production, but
the project paid little attention to soil biodiversity,
micronutrient exhaustion, and water pollution, including
environments that were massively deteriorated due to soil
mining and the effect of pesticides on downstream ecology.
Activities of the Green Revolution were introduced in Nepal
as well, and some improved varieties of wheat such as
Lerma Roho 52 had already been introduced. As influenced
by Green Revolution, DoA launched a UNDP special pro-
ject, “Increase Use of High Yielding Crop Varieties and
Fertilizer” (NEP-12, 1970-75). This project concentrated on
improved varieties of rice, wheat, and maize where NPK
fertilizer was applied in conjunction with irrigation. Several
trials and demonstrations were conducted in the districts of
Narayani and Bagmati Zones. This project NEP-12 impacted
positively in the Tarai districts but had little impact in the
hills. The remarkable impact of this project was the report of
a reconnaissance soil survey of the Bagmati and Narayani
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Fig. 2.1 An example of early soil survey work done by the survey team. Previous days soil maps were hand-crafted but in the later decades they
are digitized in Geographical Information System platform
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zone of the project area. This was the only
reconnaissance-level soil survey report and is still a good
reference for the study of soil science in this area. For the
hills, another FAO-supported project named FRIP was
launched in 22 hill districts of the Western, Central, and
Eastern Regions from 1982 to 1992. Similar activities of
NEP-12 were replicated. This project came up with
site-specific recommendations of NPK fertilizers for rice,
wheat, maize, and potato.

Fertilizer did not respond well in the absence of irrigation
and hence international organizations such as FAO/UNDP,
ADB, the World Bank, and other multilateral and bilateral
projects supported Nepal in its water use and constructed
large irrigation plans. Many of these projects included fea-
sibility and pre-feasibility studies and prepared soil maps of
the command area for their use. Government soil scientists
had very little knowledge of them. In addition, foreign
universities have conducted academic as well as
non-academic research on soil science and related fields in a
scattered way. Most of the irrigation projects kept one
demonstration farm within each irrigation project command
area, which was later handed over to the Department of
Agriculture to carry out demonstrations to farmers and
produce quality seeds. Jhumka is one such farm in the
command area of the Morang-Sunsari Irrigation Project.
Later, the Department of Irrigation (Dol) implemented fea-
sibility studies of major and minor irrigation projects where
a soil survey was obligatory. However, most of the irrigation
engineers did soil surveys and made soil maps as they liked.

2.4.3 Nepalese Soil Science at Present

Presently, soil survey in Nepal has been digitalized and
computer-aided programs are used to prepare maps with the
help of a global positioning system (GPS), which is much
easier than in the days of hard-copy toposheets and aerial
photographs. Laboratory procedures, including atomic
absorption spectrometry (AAS), make use of highly expen-
sive equipment, to detect individual elements. In just a short
time, a soil survey report with a fully digitized map can be
prepared.

Fertilizer experiments are a major task of the Soil Science
Division (National soil science research center) in NARC.
Some initial work in fertilizer use efficiency has also begun.
Chemical and biological testing of some fertilizer products
are included in these activities, along with digitizing previous
soil survey work and participatory fertilizer experiments. Soil
science in the Department of Agriculture mainly consists of
concentrating soil fertility evaluation and mapping at the
district level and providing soil analytical services to farmers.

1

The Soil Service Directorate is also involved in helping the
agriculture ministry to formulate fertilizer policy (Fig. 2.2).

24.4 Soil Research Carried Out by Education
Institutes

The oldest agricultural institute (Institute of Agriculture and
Animal Science) in Nepal is at Tribhuvan University
(TU) where the master’s in soil science program was started
late and students conducted master’s-level thesis research
mostly through agronomic studies. Some academic studies
are also related to soil erosion and conservation, including
micronutrients, but all are agronomic.

The Institute of Forestry at TU also offers a master’s
degree in forestry where graduate students carry out
research. They concentrate mostly on soil conservation,
whereas students at Kathmandu University research envi-
ronmental science. Several foreign universities also have
conducted thesis research and/or collaborative projects with
counterparts in Nepal, but the authors have access to very
few records. Carbon (C) mapping studies, Likhu Khola
Watershed studies, and many others are some examples.

2.5 Future Soil Science in Nepal

Soil science can be viewed through the perspective of a
society’s health and hygiene. Disease pathogens such as
helianthus organisms and other worms can be housed in the
soils and easily contaminate humans. The presence of
radon-causing cancer is related to poorly drained soils and
increases infant mortality rates (Oliver 1997). We do not
know the health risk of poorly drained soils, despite most
towns in the lower plains of Tarai being flooded every year.
An excess of micronutrients and heavy metals such as alu-
minium (Al), arsenic (As), cadmium (Cd), copper (Cu),
fluorine (Fl), iodine (I), lead (Pb), selenium (Se), thallium
(TI), and zinc (Zn) can be toxic when they contaminate food.
In addition, soil deficiency in micronutrients results in low
plant uptake, which ultimately creates micronutrient defi-
ciency in humans. One of our results showed that most
micronutrients (Boron (B), Zinc (Zn), and molybdenum
(Mo)) are deficient in Nepalese soils (Karki et al. 2005).
These deficiencies might have consequences on the health of
our people.

Though we cannot take the right turn and begin these
activities right away, some thought needs to be given on how
we can increase food nutrients through biofortification.
Biofortification of micronutrients could help improve the
health of infants, children, and pregnant women (Bouis and
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Fig. 2.2 Soil science program
development in Nepal
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Welch 2010). Similarly, other avenues for increasing food
nutrients need to be explored.

2.6 Conclusion

The soil history of Nepal dates to 5,000 years ago during the
Vedic period, though it received formal address in the
government sector only when trained soil scientists joined
the Department of Agriculture in 1957. The first phase of
soil science development was quite slow and mostly spent
developing in-house facilities. Despite limited manpower,

€€«

<

« Import of fodder seeds, saplings of fruits and improved breeds

J
N

* Agricultural Council established

« Establishment of Department of Agriculture (DoA)

* Initiation of Agricultural Research and Testing and
Establishment of Soil laboratory
* Mineral Fertilizer Introduced in Nepal

* Establishment of Soil Science Section under Department of
Agriculture

« Soil-test based fertilizer reccommendation started

N
* Land resource mapping project completed. First national soil
map of Nepal produced
J

* Renaming of agricultural chemistry and soil service section )
under DoA as Soil Science Division (SSD) and initiating
under NARC

* Formation of Nepalese Soceity of Soil Science

* National Land Resource Mapping Project started
* Revision of soil map of Nepal at 1:10000 scale

-

» Reformation of SSD to National Soil Science Research
Centre under Nepal Agricultural Research Council (NARC)

« First digital soil map of Nepal launched

some remarkable work in the field of soil fertility has been
conducted, including site-specific fertilizer recommendations
for cereals, soil surveys to produce soil fertility maps, and
soil survey reports of all the Tarai districts including some
potential production pockets of the hills. Later fertilizer
recommendations were included for potatoes, legumes, and
some vegetables. As time passed, soil survey work was
digitized, soil microbiology work was initiated, and soil
micronutrient studies were reported. Still, soil research has
been more focused on food security. We need to begin
studying soil differently from a production perspective that
includes the human medicinal value of soil,
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nutrient-enriched biofortification, and soil biodiversity. To
explore different aspects of the soils of Nepal, studies in soil
science need to be collaborated and documented by national
and international agencies.
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Abstract

Nepal is a relatively small, mountainous country in the
Central Himalayas with a diverse climate within a short
aerial distance due to its unique topography and altitu-
dinal variation. The country is characterized mainly by
six climatic zones, ranging from tropical in the south-
ern plains to tundra/nival in the northern part with per-
petual snow cover. In this chapter, a brief explanation of
the climate zones; a description of the climate seasons;
and overall climatic trends including temperature, rainfall,
floods, drought, and frosts and cold waves of the
country is provided. Further, the chapter covers the sta-
tus of agro-ecozones, soil climate, and climate change
and its impact. In recent decades, Nepal’s climate shows
trends of increasing temperature and decreasing rainfall.
The country’s agro-ecozones are divided into five major
zones, including Tarai, River Basins, Lower Hills, High
Hills, and High Mountains, ranging between 60—
4800 meters (m) above mean sea level (asl). Climate is
known to be one of the five soil-forming factors and has a
significant influence on soil properties. For example, the
properties of soils found in the High Hills and High
Mountains are different than in soils found in other
agro-ecozones of Nepal. Finally, we discuss the climate
change impacts in Nepal and the significant risks they
pose, especially on agriculture, food security, and
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people’s livelihoods. A broad-brush description of vari-
ous climatic scenarios of Nepal Himalayas is presented.

Keywords

Climate of Nepal ¢ Climate zones * Agro-ecozones * Soil
climate ¢ Climate change

3.1 Introduction

Geographically Nepal is located in the central
Himalayan region of South Asia (Khanal et al. 2020), with
climatic and topographic variations that are unique in the
world (Shrestha and Aryal 2011). Mountainous ter-
rain covers most of the country, including the world’s
highest peak Sagarmatha (Mount Everest), reaching
8848.86 m asl (Nepal et al. 2020). The climatic variation
within a short aerial distance is remarkably high due to vast
altitudinal differences, meaning ranging from a tropical cli-
mate in the south to a tundra/nival/trans-Himalayan climate
in the north (Karki et al. 2017; Paudel et al. 2020). The vast
altitudinal variation from 60 m asl in the southern Tarai
plains to 8848.86 m asl in the northern Himalayan
region directly affects overall weather, climate, and
their variation. Further, the climatological and topographical
factors (i.e., air temperature, solar radiation regime, slope,
and aspect) are directly associated with the overall variability
of the country’s climate (Collier and Immerzeel 2015; Karki
et al. 2020; Talchabhadel et al. 2018).

The country is divided into five physiographic regions,
including Tarai, Siwalik, Middle Mountain, High Moun-
tain, and High Himalaya (LRMP 1986). This classification
shows that most of the country’s territory is covered by
mountainous areas, which acts as abarrier. This natural barrier
largely impedes humid air mass circulation, resulting in pre-
cipitation on the southern slope or sunward side of the
mountain and an area of rain shadow on the leeward side of the
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trans-Himalayan region (Kansakar et al. 2004). For exam-
ple, the Manang, Mustang, and Dolpa districts of western
Nepal are on the Himalaya Mountains’ leeward side and
receive less precipitation (Karki et al. 2017). This results in
the formation of arid and semi-arid environments and directly
impacts agricultural activities. However, the sunward side of
the mountains receives more precipitation, which is
largely beneficial for farming activities and people’s liveli-
hoods (Shrestha et al. 2000). Further, it has been
reported that every 1000 m increment in altitude reduces
temperature by 6.5 °C, which is widely known as the

Physiographic regions of Nepal a)

Legend

Meteorological stations in Nepal

Hydrological stations in Nepal

standard (average) lapse rate (Chapman et al. 2002; Tabony
1985)—the  primary driver  of temperature variabil-
ity within the country. Thus, the presence of the high moun-
tain range largely impacts the country’s overall climate.
Topographical ~ features  and the  distribution  of
meteorological/hydrological stations of Nepal are presented
in Fig. 3.1.

There are six major climatic zones in Nepal: tropical,
subtropical, temperate, subalpine, alpine, and tundra/nival/
trans-Himalayan, ranging from the southern Tarai plain to
the northern high and trans-Himalaya regions, respectively
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Fig. 3.1 Topography and spatial distribution of meteorological and hydrological stations across Nepal. Meteorological and hydrological station
data were obtained from the Department of Hydrology and Meteorology (DHM), Government of Nepal
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(Nayava 1975). The districts located in the southern Tarai
plain regions experience the tropical climate, and northern
districts such as Mustang and Manang in the high Himalaya
regions usually experience the trans-Himalaya climate.
Further, there are four main climate seasons in Nepal:
pre-monsoon, monsoon, post-monsoon, and winter (Karki
et al. 2017). The pre-monsoon season occurs in Nepal
between March and May, and the monsoon season oc-
curs between June to September. The post-monsoon season
falls between October and November, and the winter season
extends from December to February (Karki et al. 2020).

Over the last few decades, several studies have revealed
a significant rising trend in temperature (Poudel et al. 2020;
Shrestha et al. 1999), coupled with a declining precipitation
rate (Duncan et al. 2013; Ichiyanagi et al. 2007; Shrestha
et al. 2000; Talchabhadel et al. 2018). However, short-term
erratic heavy rainfall occurrence has been more fre-
quent in the last several years, creating several flood events
in Nepal (Devkota 2014). During the monsoon season, these
flood events devastate the rural economy and the livelihood
of the farming community, especially in the southern Tarai
region (Malla 2008; Pangali Sharma et al. 2019). The overall
decreasing trend of annual precipitation and increasing fre-
quency of drought events (Dahal et al. 2016) directly
impact the country’s agricultural systems (Wu et al. 2019).
Moreover, during Nepal’s winter season, especially in the
Tarai regions, frosts and cold waves have been com-
monly noted in recent decades, causing human fatalities
through exposure to cold waves and impacting the region’s
winter crops (Pradhan et al. 2019). These climatic charac-
teristics, including the increasing trends of temperature,
droughts, frequent seasonal floods, extended frosts, and
cold waves, as well as decreasing trends of precipitation
clearly show that the climate in Nepal is rapidly deviating
from the long-term normal. This suggests the robust nega-
tive impact of climate change, which impacts people’s
livelihoods and the country’s overall agricultural systems.

Based on Nepal’s local landscape and dominant farming
system, several suitable agro-ecozones were developed and
categorized, based mainly on elevation, climatic condition,
and soil/land type (Gauchan and Yokoyama 1999). These
agro-ecozones help researchers formulate suitable strategies
and recommend appropriate crops for farmers in their
locality. Further, the soil climate is generally characterized
by air, temperature, and moisture associated with soil. Warm
conditions promote chemical and biological reactions that
more quickly convert parent materials into the soil. As the
soil is dried out, plant growth is reduced due to poor contact
with soil water, which reduces the surface layer’s stability
(Sindelar 2015). In this context, this chapter mainly dis-
cusses the overall climate scenarios of Nepal, including
climate zones, seasons, trends, agro-ecozones, soli climate,
and climate change impact.

3.2 Climate Zones in Nepal

The mountainous country of Nepal contains vast topo-
graphical differences; thus, the climate also varies signifi-
cantly within different regions. It is mainly categorized
into six climate  zones  ranging from southern tropical
to tundra/trans-Himalayan perpetual snow.

3.2.1 Tropical

In Nepal, the tropical climate is observed below 1000 m asl
(Nayava 1975). This climate zone is located mainly in the
southern part of the country (Fig. 3.2). In the tropical zones,
summers are hot and winters are cold (Pradhan et al. 2013).
The tropical climate zone encompasses most of the districts
located in the Tarai region of the country. This zone is also
known as the lower tropical zone, with an average elevation
mostly below 300 m asl. The east—west highway of the
country primarily runs through this lower tropical climate
zone. The area above 300 m asl to 1000 m asl within this
climate zone is also recognized as the upper tropical climate
zone in Nepal and includes most of the Siwalik Hills. In
addition, this climate zone can be observed in the lower
elevation river valley areas of the hill and mountain regions.
The lower tropical climate zone is a geographically plain
area, and most of the soil in this zone is highly fertile. Thus,
the lower part of this climate zone is more suitable for
agricultural activities and the climate is more ideal for
paddy, wheat, and maize crops (Rimal et al. 2018; Sharma
2001). Moreover, due to the fertile soil and tropical climate,
the production of cash crops (sugarcane and jute), tropical
fruits (mango, papaya, litchi, and banana), and vegetables is
higher in this climate zone compared to the other climate
zones in Nepal (Amatya 1976; Ghimire and Thakur 2013;
Neupane et al. 2017). This climate zone is inhabited by over
50% of the country’s population (CBS, 2012), and as such,
many people’s livelihoods are affected by the hot summer
waves and cold winter waves (Pradhan et al. 2019; Pradhan
et al. 2013).

3.2.2 Subtropical

The subtropical climate region is found in elevation rang-
ing between 1000 and 2000 m asl. This climate zone is lo-
cated between the upper part of the tropical climate zone
and the lower part of the temperate climate zone (Fig. 3.2)
and mostly covers the area within the country’s middle
mountain physiographic region. The capital of Nepal,
Kathmandu, is located within this climate zone, and it is the
second most populous climate zone after the tropical climate
zone (CBS 2012). In this subtropical climatic characteristic
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zone, the major crops are maize, millet, rice, wheat, and
potato (Pokharel 2019). Farmers in the flat and lower ele-
vation of this climate zone have access to irrigation facilities.
Farmers mainly cultivate rice and wheat in fields with very
gentle slopes and produce maize, millet, potato crops, and
citrus fruits and vegetables in gentle slopes (Devkota 1999;
Sharma 2001).

3.2.3 Temperate

The elevation ranges between 2000 and 3000 m asl in Nepal
are referred to as the temperate climate zone (Fig. 3.2). It
shares boundaries with the majority of the subtropical cli-
mate zone area in the southern part of the country and the
subalpine climate zone in the northern part (Devkota 1999).
This climate zone is mainly situated from the upper part of
the Middle Mountain physiographic region to the lower part
of the High Mountain region. This zone is known for its mild
climate, and the major cultivated crops within this climate
zone are maize, barley, wheat, potato, rice, and buckwheat
(Sharma 2001). Further, this zone is suitable for apple cul-
tivation (Manandhar et al. 2014).

3.2.4 Subalpine

The subalpine climate zone ranges between 3000 and
4000 m asl in Nepal (Fig. 3.2). The majority of this region is
situated within the High Mountain physiographic regions of
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the country, and some areas are extended into the High
Himalayas/Himal region (Devkota 1999). The climatic
condition of the subalpine climate zone consists mostly of
cold weather, and as there are many areas of
pastureland/grassland, inhabitants practice transhumance
adaptation in different climatic seasons. During the summer
season, people shift/migrate to the higher elevation from the
lower elevation with their livestock for grazing, and move
back to the lowland area in the winter seasons (Aryal et al.
2014; Gentle and Thwaites 2016). People in this climate
zone mainly domesticate yak, sheep, and goats, and due to
the cold climate, mainly cultivate buckwheat, potato, and
barley (Gauchan and Yokoyama 1999; Pokharel 2019).
Further, some within this climate zone in Nepal also practice
fruit (apple) and vegetable farming.

3.2.5 Alpine

The elevation range from 4000 to 5000 m asl in Nepal is
known as the alpine climate zone (Fig. 3.2). Due to the cold
climate, few people inhabit this region. As some areas are
covered seasonally by snow, farming practices are less
common (Devkota 1999; Nayava 1975). However, most
land in this area is used for pasture, with the potential for
medicinal herbs and livestock farming (Aryal et al. 2014;
Bhattarai et al. 2010; Pokharel 2019). Usually in the summer
season, herdsmen from lower elevations travel with their
livestock for grazing and return in the winter season (Gentle
and Thwaites 2016).
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3.2.6 Tundra/Nival/Trans-Himalayan

The tundra/nival/trans-Himalayan climate exists in the area
located above 5000 m asl in Nepal (Fig. 3.2). Due to the
extreme cold climate, the area above 5000 m is not habit-
able. The nival is also called the tundra in Nepal Himalaya
(Nayava 1975), where the land is mostly covered by snow
all year round, resulting in minimal vegetation. Within this
climate zone, trans-Himalayan climates are observed on the
leeward side of the Himalaya mountain range. As discussed
earlier, this climate zone receives less precipitation; thus, it is
also called the rain shadow area (Shrestha et al. 2000).
Moreover, due to the low air temperature and decreased
humidity, these areas are less suitable for agriculture (Cha-
pagain 2016), resulting in low human population density.
The Manang, Mustang, and Dolpa districts are located
within this climate zone, representing regions that receive
less precipitation and contain arid and semi-arid landscapes.

Additionally, a revised Global level Koppen—Geiger
classification study (Kottek et al. 2006) shows there are
mainly eight climate types in Nepal: polar frost climate (EF),
polar tundra climate (ET), temperate climate with dry winter
and warm summer (Cwb), temperate climate with dry winter
and hot summer (Cwa), cold climate with dry winter and
warm summer (Dwb), cold climate with dry winter and cold
summer (Dwc), arid steppe cold climate (BSk), and tropical
savanna (Aw) (Karki et al. 2016).

3.3 Climate Seasons in Nepal

There are mainly four climate seasons in Nepal (Talchab-
hadel et al. 2018). Pre-monsoon occurs between March and
May, followed by monsoon season from June to September,
post-monsoon season from October to November, and
winter between December and February (Karki et al. 2017).

A wet and warm climate is observed mainly between June
and September. During this period, a low-pressure zone is
created, which attracts moist air from the Indian Ocean
(Shrestha et al. 2000). Further, the period between October
and May is marked by a dry season with cold temperatures.
These months create high air pressure that produces dry air
and moves to other regions (Karki et al. 2017). April and
May are noted as the hottest months, and for some part of the
country, primarily the southern Tarai tropical region, the
temperature peaks around 38 to 40 °C (Karki et al. 2020).
The months of June and July are known for their high
rainfall intensity and thunderstorms that drive most rain-fed
cultivation; however, this also creates landslides in the Hill
and Mountain regions, along with flooding. These detri-
mental events cause severe property damage and losses in
the Tarai region of the country and negatively impact peo-
ple’s lives (Karki et al. 2017; Pangali Sharma et al. 2019;
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Shrestha et al. 2000). The details of each climate season in
Nepal are described herein.

3.3.1 Pre-Monsoon (March-May)

The pre-monsoon climate season in Nepal occurs from
March to May. The pre-monsoon climatic season is mainly
active for three months, with moisture-laden air and
winds typically originating from the Bay of
Bengal and creating short-term light rainfall in some areas
(Nayava 1975; Shrestha et al. 2000). This depends on local
weather conditions and the effect of cumulonimbus clouds
(Talchabhadel et al. 2018). During this season, thunderstorm
and hailstorm events are seen comparatively more often due
to the impact of cumulonimbus clouds (Aryal 2018). Usu-
ally, the days are sunny, with rising temperatures and scat-
tered thundershowers, especially during the afternoons and
evenings. Outside of this season, April-May are the hot-
test months. The temperature of these months ranges up to
40 °C in the Tarai regions (Karki et al. 2020). Further,
around 12.5% of rainfall occurs during Nepal’s pre-monsoon
season (Karki et al. 2017).

3.3.2 Monsoon (June-September)

The term monsoon is also known as the rainy season (be-
tween June and September) in Nepal (Brewin et al. 2000).
The monsoon season refers to heavy periodic winds/breezes
blowing predominantly from the Bay of Bengal (Nayava
1975), which carry heavy showers and humidity throughout
most parts of Nepal. Similarly, some rainfall in the coun-
try is due to western Arabian sea winds (Shrestha et al.
2000). The monsoon season begins in the middle of June,
peaks in July/August, and ends in September of each year
(Karki et al. 2017; Nayava 1975). This season records the
highest rainfall in Nepal; however, different regions vary in
rainfall intensity (Barros and Lang 2003). More-
over, Nepal’s distinct landscape features and associated
environmental factors influence this season (Nayava 1974).

3.3.3 Post-Monsoon (October-November)

The post-monsoon season in Nepal lasts between October
and November. Out of the four seasons, the post-monsoon
season is the shortest. Noticeable characteristics of this
season include windy days and the likelihood of cyclones
forming in some parts of the country (Shrestha et al. 1999).
In this season, a decreasing order temperature is observed
due to changing seasonal weather and sometimes several
days of continuous rainfall (Shrestha et al. 2000). The
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prevailing climatic conditions across Nepal during this sea-
son are between hot and cold; thus, this season is also known
as a mild climatic season. The ending month of this season
(November) is quite dry, mainly due to the dry and windy
atmosphere (Merz et al. 2006).

3.3.4 Winter (December-February)

Winter is the coldest season in Nepal and occurs between
December and February. The winter season happens after
the post-monsoon season and before the pre-monsoon sea-
son each year. During this season, the majority of the High
Mountain and trans-Himalayan regions are covered by snow
with freezing temperatures (Nayava 1975). Further, the
country’s Middle Mountain regions and Hill regions also
feel much colder compared to other seasons. Similarly, the
southern part of the country (Tarai region) is highly affected
by cold waves, and many people in the region lose their lives
due to extreme cold events (Pradhan et al. 2019). The cold
waves and frost in this region also impact farmers’ agricul-
tural activities and livelihoods (Malla 2008). The days
become shorter, and the nights are longer than other seasons.

3.4 Climatic Trend in Nepal

3.4.1 Temperature

Historically, the temperature trend in Nepal showed a sharp
increasing order by 0.06 °C yr~' between 1977 and 1994
(Shrestha et al. 1999). The increasing trend was also reported
until 2000 (Shrestha and Aryal 2011). A recent study from
Nepal Himalaya based on data from 115 temperature stations
from the Government of Nepal’s Department of Hydrology
and Meteorology (DHM) noted the temperature trend was
rising noticeably by 0.05 °C yr~' between 2000 and 2015
(Paudel et al. 2020) (Fig. 3.3). Thus, the overall long-term
temperature trend in Nepal was observed to be rising sig-
nificantly. The rising trend varies across different physio-
graphic regions of the country. Many studies have reported
that the noticeable increasing trend of temperature has
impacted the overall livelihood of people and agricultural
activities in Nepal (Gentle and Maraseni 2012; Malla 2008;
Manandhar et al. 2011).

3.4.2 Precipitation

Long-term-climatic-data-based historical studies about cli-
mate change in Nepal reported that Nepal’s precipitation trend
was decreasing (DHM 2017; Shrestha et al. 2000). A recent
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Fig. 3.3 Observed climatic trends (temperature and precipitation) in
Nepal between 2000 and 2015. The trend calculations were based on
observed daily weather records between 2000 and 2015 (115 stations
for temperature and 272 stations for precipitation). Data source DHM,
Nepal, and modified after Paudel et al. (2020)

study based on DHM Nepal data from 272 rainfall stations
revealed that annual total precipitation declined by -
16.09 mm yr_1 (Paudel et al. 2020) (Fig. 3.3). The long-term
precipitation trend by different climatic seasons in Nepal
shows that around 80% of precipitation occurs during mon-
soon season, while the remaining 20% occurs during the other
three climatic seasons; with 12.5% during pre-monsoon, 4%
during post-monsoon, and 3.5% during the winter season
(Karki et al. 2017). Further, the decreasing trend of precipi-
tation directly impacted the overall agricultural activities in
Nepal (Malla 2008). The spatial pattern between 1980 and
2000 shows that the surrounding area of Pokhara has higher
precipitation records; however, this was less in the upper
Mustang and Dolpa regions of the country (Fig. 3.4).

3.4.3 Floods

Flooding events in Nepal are normally seen more frequently
during the monsoon season compared to the other seasons
because the monsoon season is known as the rainy season,
and there has been highest rainfall across the country within
this season (Nayava 1974). The studies show that overall
flood events mainly impacted the Tarai regions (Pangali
Sharma et al. 2019) because the landscape of this region
consists of flat plains, allowing the floods to easily spread to
more areas compared to the country’s Hill and Mountain
regions. A recent synthesized study about flood disasters in
Nepal reported that there are fourteen districts in the Tarai
regions highly affected by floods (Pangali Sharma et al.
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Fig. 3.4 Annual total precipitation distribution of Nepal between 1980 and 2000. The dotted symbols show the distribution of meteorological
stations within the country. Data source Humanitarian Data Exchange (https://data.humdata.org/)

2019). The studies show that rainfall in Nepal has been
decreasing during the past few decades (Paudel et al. 2020;
Shrestha et al. 2000) but the flood disaster and event results
show an increasing number of events and amount of prop-
erty loss, as well as an increasing number of casualties
(Pangali Sharma et al. 2019). This occurs due to erratic
short-term heavy rainfall, which has occurred more fre-
quently in Nepal in recent years (Devkota et al. 2017;
Manandhar et al. 2011). During the three-day period from 22
to 25 September 2020, there was short-term heavy rainfall in
Nepal, and some areas of south-central Nepal received more
than 300 mm of rainfall (http://www.dhm.gov.np/). The tip
of western Nepal also experiences very high rainfall and has
been the site of several flood and landslides events. These
kinds of short-term heavy rainfall, flood, and landslide
events have largely impacted people’s livelihoods, and many
have lost their lives and property.

Further, because the Tarai region of Nepal is known as
the floodplain area, the soils of this area are more fertile than
those in the Hill and Mountain regions (Bajracharya and
Sherchan 2009). Due to the erratic short-term heavy mon-
soon rainfall, the flood events occur more frequently during
the monsoon season, and as a result the Siwalik, Middle Hill
and High Mountain regions of Nepal experience high rates
of soil erosion (Chalise et al. 2019). The eroded soil is
washed away by floods and can be deposited in the Tarai
region due to plain topography and lower velocity of the

river, increasing the fertility of the topsoil in the Tarai
regions compared to the other regions of the country.

3.4.4 Drought

Drought is one of the most complex, harmful, and least
understood extreme climatic events. It is dependent on
several variables, including precipitation, temperature, land
surface parameters, altitude, and wind, among others. Fur-
thermore, our understanding of drought varies depending
upon different factors such as intensity, location, and sector
(Khatiwada and Pandey 2019). It is well known that the
major factor influencing drought evolution in Nepal is the
lack of precipitation linked with summer monsoon (south-
easterly) and wintertime (westerly) circulations. The amount
of annual precipitation generally decreases from east to west
(Shrestha 2000), and winter monthly precipitation amounts
in western Nepal are on the order of 50 mm or less. This is
brought about mainly by synoptic weather disturbances that
are dynamically different from the monsoon season (Barlow
et al. 2005).

Drought has a devastating impact on rural livelihoods that
depend mainly on rain-fed subsistence agriculture. A small
reduction in precipitation can have a serious impact on
activities such as crop production and may disturb social
harmony by creating water-use conflicts (Ghimire et al.
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2010). Since the 1990s, droughts have resulted in food
deficits, especially since 40 out of 75 districts experienced a
food deficit in 2008/2009, leading to serious nutritional
crises (MoAC et al. 2009). It is crucial to examine and
understand the climate drivers that lie behind the develop-
ment of drought in Nepal.

3.4.5 Frosts and Cold Waves

Besides drought, frosts and cold waves are another major
seasonal disaster in Nepal. Frosts dominate in the high
altitudes of Nepal whereas cold waves dominate in low
altitudes. The country was ranked as one of the world’s most
vulnerable countries for a natural disaster by the World Bank
in 2011 (MoHA and DPNet-Nepal 2015). Nepal is expected
to experience an increase in temperature, more frequent
heatwaves, and shorter frost durations in the future.

A dry winter and cool summer (temperature below 22 °C)
dominate in the 10% of Nepal occupied by the mountainous
region. The elevation between 4000 and 6000 m asl (about
19% of Nepal’s area) experiences the polar type of climate,
while frost and snow cover the remaining area (9%) above
6000 m asl creating permanent frost and cold desert condi-
tions (Poudel et al. 2020; Sharma 2016).

During the winter, the low-lying districts become colder
than the High Mountain region, which experiences lower
temperatures for at least half the year. Cold waves that bring
unexpected freezes and frosts can kill plants during the early
and most vulnerable stages of growth, resulting in crop
failure that directly impacts agricultural productivity (Malla
2008; Panday 2012). Such cold waves create vulnerabilities
for people’s livelihoods and cause many to lose their lives,
especially in the southern low land (Tarai) region (Pradhan
et al. 2019).

3.5 Agro-Ecozones and Soil Climate

The agro-ecozones of Nepal promote systematic farming and
agricultural development. Agro-ecozones are conceptualized
by grouping neighboring areas that share similar topography,
altitude, climatic conditions, and soil types (Carson 1992;
Gauchan and Yokoyama 1999). The concept adopted from
Carson (1992), and from Gauchan and Yokoyama (1999)
shows five agro-ecozones in Nepal (Table 3.1 and Fig. 3.5).
Out of these five, the Tarai agro-ecozone is situated in the
southern part of the country, and most of its landscape is flat
with fertile soil. This agro-ecozone is conceptualized below
600 m asl and covers some areas of the Siwalik region of the
country. The Tarai agro-ecozones are normally subcatego-
rized as lower wetland, mid-wetland, upland/dry land, forest
mixed land, and flood-prone land (Gauchan and Yokoyama
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1999). The overall climate of this zone is tropical. Paddy,
wheat, potato, legume/oilseed, maize, vegetable crops are
cultivated in the irrigated lowland area; similarly, maize and
mustard are the main crops cultivated in the upland area
within the Tarai agro-ecozone (Rimal et al. 2018).

The river basin’s agro-ecozones in Nepal are mainly
situated between 600 and 1200 m asl with subtropical and
with valley floor land types. Most of this zone is located
within the Siwalik region and partly within the Middle
Mountain region (Fig. 3.5). This zone’s primary agricultural
potential is subtropical fruits and food grains. The details of
the Lower Hills (1200 to 2200 m asl), High Hills (2200 to
3500 m asl), and High Mountain (3500 to 4800 m asl)
agro-ecozones are summarized in Table 3.1 and presented in
Fig. 3.5. Further, due to its extreme climatic conditions and
topography, the landscape of the High Himalayas/Himal
region, which is situated above 4800 m asl, is conceptual-
ized as having no agricultural potential (Gauchan and
Yokoyama 1999).

Climate has a direct influence on soils. Warm conditions
promote the chemical and biological reactions that parent
materials into the soil. Similarly, the development of the soil
profile and the soil’s physical and chemical composition are
greatly affected by weather and have a role in crop perfor-
mance. Furthermore, differences in soil fertility are an
essential driver of species turnover in productive environ-
ments (Paoli et al. 2006). Soil develops its ability to support
the current ecosystems under changing climate—this will
lead to changes in the communities of plants growing in
different parts of the country.

Not only does climate influence soil, but also soil can
influence climate; for example, soils that are wetter or denser
hold heat and stabilize their surroundings during temperature
changes more than looser, drier soils. In Nepal, local rice
varieties are valued, especially in remote mountain areas
adapted to diverse ecosystems, including cold stress, water
scarcity, flood conditions, and poor soils (Sthapit et al.
2008). Many studies have used estimated realized climate
niches to predict potential biogeographical changes in spe-
cies distribution. This may be due to low temperatures in the
temperate zone being directly linked to vital
eco-physiological processes. In contrast, warm temperatures,
especially in the Tarai region, are more indirectly related to
moisture limitations, resistance to pathogens, and species
competition (Vetaas 2002).

3.6 Climate Change and Its Impact

Nepal has observed a decreasing trend of precipitation and
an increasing trend in temperature (Fig. 3.3) in recent dec-
ades (DHM 2017; Paudel et al. 2020), along with a rising
trend of drought and flood events (Dahal et al. 2016; Pangali
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Table 3.1 Agro-ecozones and

) SO Agro-ecozone  Elevation Climatic Landform Farming promise
farming promises in Nepal range, m condition
Tarai 60 to 600 Tropical Wetland, upper and mixed | Paddy, wheat, potato,
climate wetland, dry land fans, legumes/oilseeds, maize,
foot slope fans, and valley | vegetables, and tropical
floor fruits
River basins 600 to Sub-tropical Valley floor Foodgrains and
1200 climate subtropical fruits
Lower hills 1200 to Warm Hill side terraces and Citrus, temperate fruits,
2200 temperate slopes off-season vegetables
climate
High hills 2200 to Cool Steep slopes and terraces Temperate fruits and
3500 temperate vegetables, seed potato
climate
High 3500 to Alpine Steep/flat area Livestock production
mountain 4800 climate

Sources Carson (1992) andGauchan and Yokoyama (1999)

Agro-ecozones

O@ Tarai

@@ River Basins

@@ Lower Hills

@3 High Hills

®& High Mountain

@ High Himalaya/Himal

Fig. 3.5 Delineated agro-ecozones of Nepal, adopted from Carson (1992) and Gauchan and Yokoyama (1999)

Sharma et al. 2019). These indicate ongoing climate chan-
ges within the region.

Climate change has impacted several sectors in Nepal;
however, the impact is most noticeably reflected in the
agricultural system (Malla 2008). This impact is more sig-
nificant on the vulnerable, marginalized communities resid-
ing at different ecological zones of the country, such as
the communities in the lowland area (Tarai region) that
have been the victims of frequent
flash-flood events. Likewise, extended cold waves
have also largely impacted the Tarai region (Pradhan et al.
2019). However, the Glacial Lake Outburst Flood (GLOF),
avalanches, and landslides have more significantly impacted
the Mountain and Hill regions of the country. Due to

different scales of landslides in different years, especially
during the monsoon season, a large number of people have
lost their property and their lives (Sudmeier-Rieux et al.
2012). These are all associated with climate change impact
driven primarily by anthropogenic activities. To mitigate
these climate change impacts in Nepal, suitable adaptation
strategies need to be developed based on local geography
and conditions. Further, there is an urgent need to develop
drought-resilient crops and improved irrigation systems to
minimize the impacts of climate change on agriculture and
people’s livelihood (Paudel et al. 2020).

Climate is one of five factors with a strong influence on
soil formation, primarily through the interplay of tempera-
ture, moisture, and various patterns of weathering and
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leaching. Lately, anthropogenic causes have established
themselves as above natural variability in the climate system,
quickening the rate of climate change over the past century
(Crowley 2000). Given accelerated population growth,
specifically in urban areas, excessive and indiscriminate use
of natural resources has imposed undue pressure on the
environment. The assessment report AR5 of the Intergov-
ernmental Panel on Climate Change (IPCC) stated that
long-term simulations for the twenty-first century show more
frequent adverse weather conditions attributed to climate
change (IPCC, 2013). Compared to the late twentieth cen-
tury, the projected changes for the twenty-first century show
a high probability of a decrease in the frequency and mag-
nitude of cold days and nights, along with an increase in the
frequency and magnitude of unusually warm days, heat
waves, and precipitation (Seneviratne et al. 2012). However,
the magnitude and extent of climate change’s impact on soils
are poorly understood, as soils themselves can be a source or
sink of C, at times switching from C sink to C source with
antagonistic effects on climate change (Bliss and Maursetter
2010). Predicting the impact of climate change on soil pro-
cesses is also difficult because global and regional climate
models are based on assumptions that yield uncertainties for
different climate trajectories.

Another serious impediment in applications of General
Circulation Models (GCMs), specifically in the Himalayan
region, is the mismatch between the spatial resolution of the
GCMs and the region’s complex terrain, illustrating the need
for high-resolution regional climate models that more real-
istically represent the region’s topography (Panday et al.
2015). Traditionally, Nepal has been a predominantly
subsistence-oriented agrarian economy. To a large extent, its
wide variety of climatic zones, ranging from tropical to
alpine/tundra is due to its large and steep altitudinal gradient,
resulting in a high degree of agro-ecological diversity.
Orographic forcing is the dominant factor affecting precipi-
tation in the region (Lang and Barros 2004). Various studies
using GCMS and regional climate models (RCMs) further
indicate that the temperature in Nepal will increase by 2.5 to
5 °C by 2100 (Immerzeel et al. 2012; Nepal 2016).

In addition, more frequent and high-intensity rainfall
events are likely to be more common in the future, leading to
an increase in rainfall erosivity levels (Mondal et al. 2015).
In the Himalayan region, the effects of climate change are
very likely to cause a dramatic increase in the number of
warm nights, a reduced number of frost-free days, an
increase in the number of consecutive dry days, and frequent
extreme precipitation (Panday et al. 2015). In addition, cli-
mate change is likely to alter the region’s hydrological cycle.
The cascading effects of altered hydrological phenomena
include glacial retreat, inconsistent snow cover change, the
bursting of glacial lakes, and flash floods (Kang et al. 2010).
The local downstream impact from such climate-change-
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induced phenomena on people’s livelihoods is profound yet
largely unknown, mostly due to the lack of pertinent ground
truth measurements in this region (Eriksson et al. 2009).

Soil erosion is a natural process of soil transport mainly
due to various erosive forces (wind, water, ice, gravity, etc.).
Natural soil erosion occurs everywhere—albeit at a slow rate
in cases where there is little to no human intervention.
Lately, anthropogenic pressure such as improper and un-
sustainable land use and deforestation have triggered an
accelerated rate of soil erosion. This is especially critical to
Nepal, as the terrain is characterized by a diversity of fertile
but fragile physiographic landscapes. Past research in Nepal
has shown different magnitudes of annual soil loss due to
erosion in the landscape. Disturbance of soils and the
removal of vegetation from landscapes with steep slopes
combined with frequent and high-intensity rainfall will only
further increase the severity of landslides and soil erosion.

The effects of climate change on soil can be immediate or
extended over time, ranging from less than a year to hun-
dreds of years. Change in climate can cause changes in soil
parameters on a varying timescale. Soil parameters such as
soil temperature, moisture, bulk density, permeability,
porosity, and nitrate content fluctuate more quickly (< 1 yr)
compared to pH, hydraulic conductivity, cation exchange
capacity (CEC), organic matter content (10 to 100 yr) and
mineral composition, texture, and particle-size distribution
(> 100 yr) (Varallyay 1990). However, the key impact of
climate change on soils will be primarily driven by changes
to soil-moisture regimes (Bullock 2005). Warmer tempera-
tures and less rainfall will result in less soil moisture, which
in turn could have large unwanted implications for the nat-
ural and agricultural ecosystem, disrupting the normal car-
bon cycle (Bullock 2005).

Additionally, an increase in soil temperature will expedite
the rate of various soil processes (e.g., nitrification, miner-
alization, and weathering) given the soil-moisture levels are
ample. There is a lack of unanimity among the scientific
community regarding the fate of soil organic matter (SOM).
One study conducted in the mid-Himalayan region to predict
short-, medium-, and long-term trends of soil organic carbon
(SOC) dynamics using the CENTURY model (used for
simulating carbon and nutrient dynamics for various
ecosystems (e.g., grassland, shrubland, pasture, forest) (Par-
ton et al. 1993) found that SOC for A2 and B2 scenarios
could drop by up to 19.2% by 2099 (Gupta and Kumar 2017).

3.7 Conclusion

The climatic variation in Nepal within its various
agro-ecozones is mostly due to vast topographic variation
within a short aerial distance. The altitudinal gradient from
the southern Tarai plain to the northern high Himalaya
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contributes to the six major climatic belts in Nepal, forming
a tropical climate in the south to a tundra/nival/
trans-Himalayan climate in the north. Nepal has four major
climatic seasons: pre-monsoon, monsoon, post-monsoon,
and winter. The monsoon season is marked by heavy rain-
fall, preceded by the high-temperature pre-monsoon season.
The increasing trend of temperature, the decreasing trend of
precipitation, and the increasing episodes of drought can
be observed in the climate archives of the country. The
changing climate has primarily impacted the agricultural
system and people’s livelihood. The magnitude of impact,
however, varies by region. Further, the country has five
major agro-ecozones with varying premises of farm-
ing and these zones are more suitable for formulating
farming strategies and policy for the country’s overall agri-
cultural development. Moreover, the development of the soil
profile and its physical and chemical composition are greatly
affected by climate and play a critical role in crop
performance.
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Abstract

The Nepal Himalayas lies in the central part of the
Himalayan arc. The range is a product of the collision
between Indian and Eurasian plates in the Miocene period
(50 M yr) and is bounded by Indus Tsangpo Suture Zone
(ITSZ) to the north and the Ganga basin to the south. The
coupling effect of earthquake reoccurrences and strong
Asian monsoon has resulted in a steep slope, rugged
mountains, deep valleys, intermontane basins, and flat
land. Geologically it is divided into five tectonic zones
separated by major tectonic discontinuities running
parallel to the Himalayan chain. These tectonic zones
from south to north are the Indo-Gangetic Plain, the
Siwaliks, the Lesser Himalayas, the Higher Himalayas,
and the Tibetan-Tethys zone. These zones are formed
with different types of rocks including sedimentary,
igneous, and metamorphic distributed throughout the
Nepal Himalayas, which explains the depositional envi-
ronmental and evolutionary history of the whole Hima-
layas range. In addition, the Nepal Himalayas is divided
into five physiographic regions based on climatic and
geomorphic conditions (Tarai, Siwaliks, Hills, Middle
Mountain, and High Mountain). These physiographic
regions are attributed to different types of soil, climate,
and land use and are mostly characterized based on
elevation. The variation on these physiographic zones
depends on the micro-climate controlled by peaks and
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valleys. This chapter discusses the geologic and physio-
graphic classification of the Nepal Himalayas in brief.

Keywords
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4.1 Evolution of the Nepal Himalayas

The 2400 km Himalayan arc extends from Nanga Parbat
(8138 m) in the west to Namche Barwa (7756 m) in the east
with a 230 to 350 km width (LeFort 1996). The Himalayan
orogenic belt is a product of the collision between the Indian
and the Eurasian plates during the late Eocene to Oligocene
period (Valdiya 1984). The Indian plate is subducting with
different velocities from ~ 0.2 to 28 mm yr ' beneath the
Eurasian plate and mountains still being formed (Jade et al.
2017). The collision resulted in numerous tectonic faults and
highly deformed rocks that are responsible for triggering
numerous earthquakes of varying scales, making the Hima-
layas a seismically active zone (Bilham et al. 2001; Kobayashi
etal. 2015; Kubo et al. 2016; Mencin et al. 2016; Sapkota et al.
2013). Generally, two main geodynamic processes have
controlled the evolution of the Himalayas: 1) accretion and
subduction in the Trans-Himalayan and Karakoram Moun-
tains along the Shyok Suture Zone (SSZ) and Indus Tsangpo
Zone (ITSZ), and 2) continental collision in the Himalayas
(Jain et al. 2012). However, Valdiya (1984) elaborated on this
by dividing the evolution process into four stages:

(1) Karakoram phase: Convergence takes place between
two continental plates between 145 to 55 M (Creta-
ceous to Paleocene).

(2) Malla Johar phase: Collision and subduction of the
Indian plate beneath the Eurasian plate occur between
55 and 23.8 M yr (Late Eocene to Oligocene).
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(3) Sirmurian phase: Himalayan upheaval with the devel-
opment of main tectonic features occurs between 23.8
to 5.3 M yr (Miocene to Pontian).

Siwalik phase: The formation of Siwalik in the frontal
part of the Himalayas occurs between 5.3 M to
0.01 M yr (late Pliocene to middle Pleistocene).

“)

This process led to the development of different tectonic
slices along the principle thrusts, which are stacked one on
top of the other, propagating southward and building the
architecture of the Himalayas (Molnar 1984). Politically, this
tectonic mountain chain consists of several sections of
Pakistan, India, Nepal, Bhutan, and China, whereas the
region is longitudinally divided into five sections from west
to east (Gansser 1964) (Fig. 4.1):

(a) Punjab Himalayas: This section consists of a 550 km
long section of the Himalayan chain bounded by the
Indus River to the west and the Sutlej River to the east.
It includes the Kashmir and Spiti regions.

(b) Kumaon Himalayas: This 320 km long section lies
between the Sutlej River to the west and the Mahakali

River to the east. It includes the Garhwal Himalayas
and parts of southern Tibet.

Nepal Himalayas: This is the central part of the
Himalayas consisting of 800 km. It is bounded by the
Mahakali River to the west and the Mechi River to the
east, covering the entire length of Nepal. This section
includes the world’s tallest peaks, such as Everest,
Kanchanjanga, Lotse, and Annapurna.

Sikkim-Bhutan Himalayas: This section is bounded by
the Mechi River to the west and Bhutan to the east and
covers Sikkim and Bhutan (400 km).

North-East Frontier Agency (NEFA) Himalayas: This is
the easternmost part of the Himalayas, with a length of
400 km extending from the eastern boundary of Bhutan
to the Tsangpo-Brahmaputra cross gorges.

(©)

(d

The Himalayas is bounded by the Indus Tsangpo suture
zone (ITSZ) to the north and the Ganga foreland basin to the
south. The northern boundary of the ITSZ is generally
exposed by a topographic depression along the Indus and
Tsangpo rivers, which flow in opposite directions (Heim and
Gansser 1939). Geologically, the Himalayan chain is broadly
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Fig. 4.1 Geological longitudinal subdivision of the Himalayas from west to east (Redrawn after Gansser 1964)
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divided into five tectonic units, namely the Indo-Gangetic
plain, the Siwalik, the Lesser Himalayas, the Higher Hima-
layas, and the Tibetan-Tethys Himalayas (Fig. 4.1).

4.2 Geology of the Nepal Himalayas

The Nepal Himalayas lies in the central part of the Hima-
layan arc covering one-third of the entire Himalayas. The
Nepal Himalayas, bounded by latitudes 26°2° and 30°27° N
and longitudes 80°11° E and 88°27 E, can be divided into
five tectonic zones from south to north based on geological
evolution (Table 4.1 and Fig. 4.2). These tectonic joints are
separated by faults and thrusts and characterized by their
tectonics, structure, and evolutionary history, which are
briefly described below.

4.2.1 Indo-Gangetic Plain

The Indo-Gangetic plain lies in the frontal part of the
Himalayas with an elevation ranging from 100 to 200 m asl
deposited by the tributaries of the Ganga River. This tectonic
zone was created beginning in the Pleistocene and continues
through recent alluvial deposits (Fig. 4.3a) of approximately
1500 m thickness that already show a significant proportion
of stress accumulation and form thrust and thrust-propagated
folds beneath the sediments (Bashyal 1998; Mugnier et al.
1999; Upreti 1999). This tectonic zone is separated by the
Main Frontal Thrust (MFT) from the Siwaliks to the north.
Sedimentation began with the shallow marine environment
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before changing to estuarine-deltaic and finally to fluvial
(Pant and Sharma 1993).

4.2.2 Siwaliks

The Siwaliks is also referred to as the sub-Himalaya and is
comprised of the southernmost tectonic zone of the Nepal
Himalayas bounded by the MFT to the south and the Main
Boundary Thrust (MBT) to the north (Fig. 4.2). Many
researchers (Auden 1935; Dhital 1995, 2015; Nakayama and
Ulak 1999; Sah et al. 1994; Sharma 1977; Tokuoka et al. 1988)
have established and presented different classifications for the
Siwaliks sequence. Due to the lack of fossil records in the
Nepal Himalayas, these classifications can be grouped and
correlated into three basic units based on lithostratigraphy.
These units are Lower, Middle, and Upper Siwaliks, and age
ranges from the Middle Miocene to the Pleistocene (Gautam
and Rosler 1999). In general, the entire Siwalik represents a
coarsening upward sequence whereas individual units have
fining upward sequence. The thickness of the Siwaliks chan-
ges significantly from western to eastern Nepal, with thick
sequences in the Karnali section and decreasing as one moves
east. The Lower Siwalik is composed of the alternation of
fine-grained variegated mudstone and siltstone with some
layers of fine sandstone. The domination of sandstone
increases in the Middle Siwalik with increasing grain size
represented by a wide concentration of black-colored biotite
and light-colored quartz and feldspar minerals. The Upper
Siwalik is well exposed at the foot of the Lesser Himalayas and
consists of coarse-grained sediments with few siltstone and

Table 4.1 Geological SN Geological Major rocks and minerals Key geologic features Age
subdivision and their key features sub-division
of Nepal Himalayas
1 Indo-Gangetic Alluvial deposits consisting Alluvial deposits with Pleistocene
plain of gravel, sand, silt, and clay thrust and to recent
originating from the thrust-propagated folds
Himalayas beneath the sediment.
Shallow marine
environment changed to
estuarine-deltaic and now
to fluvial earth materials
2 Siwaliks Mudstone, Siltstone, Anticline and syncline Middle
Sandstone, Conglomerate folds, fault/thrust Miocene to
Pleistocene
3 Lesser quartzite, limestone, slate, Nappe/Clippe, Tectonic Precambrian
Himalayas siltstone, schist, gneiss, window, Mabharat to Eocene
marble, amphibolite, Synclinorium, Fold/Thrust
Nepheline syenite, granites
4 Higher Schist, Gneiss, Marble, Folds/Thrust, High-grade Proterozoic
Himalayas Leucogranite metamorphism to Miocene
5 Tibetan-Tethys Sandstone, Limetone, Folds/Thrust, Fossiliferous Cambrian to
zone Quartzite, shale layers Eocene
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Fig. 4.2 Geological subdivision of the Nepal Himalayas modified from (Amatya and Jnawali 1994). STDS: South Tibetan Detachment System.

MCT: Main Central Thrust. MBT: Main Boundary Thrust

mudstone layers (Fig. 4.3b). These sediments were deposited
in different depositional environments including meandering,
braided, and debris flow (Nakayama and Ulak 1999). The
rocks of the Siwaliks are folded and faulted in different
directions, resulting in different geological structures.

4.2.3 Lesser Himalayas

The Lesser Himalayas is bounded by the MBT to the south
and the Main Central Thrust (MCT) to the north. This
sequence consists of sedimentary rocks, low-grade meta-
morphic rocks, and granitic intrusion distributed throughout
the Nepal Himalayas (Fig. 4.3c). This zone is composed of
quartzite, limestone, slate, siltstone, schist, gneiss, marble,
amphibolite, Nepheline syenite, and granite, ranging in age
from the Precambrian to Eocene (Bordet et al. 1961; Hagen
1969; Kohn et al. 2010; Parrish and Hodges 1996), including
the oldest Lesser Himalayan Augen gneiss (1.8 B) in the

Kuncha Formation (DeCelles et al. 2000; Le Fort and Rai
1999). There is a clear depositional gap between the
Proterozoic rocks and the overlying Paleogene beds,
indicting a prolonged history of denudation (Dhital 2015).
This sequence has a complex pattern of nappes, klippen, and
windows due to thrusting, erosion, and folding (Fig. 4.3).
The Okhaldhunga, Arun, and Taplejung windows are well
exposed in eastern Nepal, where they are surrounded by the
Higher Himalayan thrust sheet (Brunel and adnrieux 1977;
Dhital 2015). While it is difficult to classify more than a
15 km pile of the Lesser Himalayas, Valdiya (1964) classi-
fied araneceous, calcareous and pelitic units that were later
applied throughout the Nepal Himalayas (Sharma 1973).

4.2.4 Higher Himalayas

About 10 to 12 km thick crystalline sequences of the Higher
Himalayas consist of high-grade metamorphic rocks. This
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Fig. 4.3 Different rock types of the different geological zones of the
Nepal Himalayas. a Sand and gravel in the Indo-Gangetic Plain at the
Karnali River, Kailali; b Contact between gravel and sandstone beds in
the upper Siwalik, Puntura River, Dadeldhura; ¢ Highly fractured

zone is confined by the South Tibetan Detachment System
(STDS) with the Tibetan-Tethys sedimentary sequence and
the MCT to the south marking the border with the Lesser
Himalayas. The first appearance of the MCT is marked by
the garnet minerals in the schists, which record the tem-
perature and pressure of the thrust movement during the

quartzite beds of the Lesser Himalayas, Kaligandaki River, Myagdi;
d Garnetiferous schist of the Higher Himalayas, Kaligangaki Valley,
Myagdi; e Fold and fault of Tibetan sedimentary rocks, Kaligandaki
River, Mustang. Photos credit Basant Raj Adhikari

evolution of the Himalayas (Fig. 4.3d). It consists of Ter-
tiary Leucogranites in the wupper portions, whereas
high-grade crystalline rocks including various kinds of
gneisses, schists, and migmatites extend continuously along
the entire length of the Nepal Himalayas (Fig. 4.2). Le Fort
(1981) classified these leucogranites into two types of
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granites: older granites from 500 to 1800 Ma and younger
leucogranites from 15 to 20 Ma. Detailed classification of
the Higher Himalayan crystalline is extremely difficult
because it is located in high altitudes in remote locations. Le
Fort (1975) studied the Kali-Gangaki section in detail and
classified the Higher Himalayas into three formations: For-
mation I, II, and III (from bottom to top). Formation I is the
lower unit consisting of kyanite-garnet-two mica banded
gneiss of politic to arenaceous origin. Quartzite beds are at
the base of the Formation II, followed by the alternation of
pyroxene and amphibole-bearing calc-gneisses and marbles.
Formation III is composed of coarse-grained augen gneiss.

4.2,5 Tibetan-Tethys Zone

The Tibetan-Tethys zone is the northernmost tectonic zone
of the Nepal Himalayas, extending to the Eurasian plate and
the Indus Tsangpo Suture Zone (ITSZ). It consists of
sandstone, limestone, quartzite, and shale with fossiliferous
layers ranging in age from the Cambrian to Eocene (Dhital
2015). These rocks are strongly folded and faulted in dif-
ferent places (Fig. 4.3e). A pioneering expedition lead by
Tony Hagen (Hagen 1959, 1968) first described the Tethys
succession in the Thakkhola region followed by Gerhard
Fuchs (Fuchs 1964, 1977) in the Thakkhola and Dolpo
sections. Bodenhausen et al. (1964) established the basic
stratigraphy of the Tethys zone in the Kali-Gandaki section
in their expedition in 1962. This succession is also compa-
rable with the sedimentary units exposed to the west in
Kumaon, Spiti, and northwestern Himalayas (Gaetani et al.
1986; Gaetani and Garzanti 1991). This zone is highly fos-
siliferous, consisting of bicalcarenites, pelletal
mudstone/wackestone, oolitic grainstone, bivalves, gas-
tropods, brachiopods, crinoids, belemnites, and rare fish
fragments (Bassoullet et al. 1986; Bodenhausen et al. 1964)
in the Kali-Gandaki section.

4.3 Physiographic Subdivision of the Nepal
Himalayas

The Nepal Himalayas extends 800 km from east to west.
Nepal occupies 147, 516 km” and consists of more than
80% mountains and hills. The altitude varies from 64 m
asl (Kechanakal, Jhapa) to 8888.86 m asl (the top of the
world, Mount Everest) within an aerial distance of about
150 km (Dhital 2015). The Nepal Himalayas has a steep
slope, rugged mountains, deep valleys, intermontane
basins, and flat land. It is divided into five major physio-
graphic regions: Tarai (below 200 m asl), Siwalik (100 to
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2000 m asl), Hill (200 to 3500 m asl), Middle Mountain
(700 to 4100 m asl), and High Mountain (1800 to 8888 m
asl) on the basis of elevation and climate (Fig. 4.4)
(LRMP 1986).

4.3.1 Tarai

This is the southernmost region of the Nepal Himalayas and
the northern edge of the Indo-Gangetic plain lying at an
altitude of 64 to 200 m. It consists of Pleistocene to Holo-
cene sediments generated from the Himalayas (Fig. 4.5a).
These sediments are deposited by major river systems in the
Nepal Himalayas, with the sediment size varying from north
to south, with large boulders present in the northern side of
the Tarai and the grain size decreasing gradually down to
clay on the southern side.

The Tarai region is generally divided into three zones: the
Bhabar zone, the Middle Tarai and the Lower Tarai. The
Bhabar zone lies in the foothills of the Himalayas (Siwaliks)
and consists of poorly sorted boulders, cobbles, sand, and
silt derived from the Siwaliks and older rocks. The Middle
Tarai has a gentle slope (1 to 5%) and consists of mostly
sandy and silty soils formed by braided alluvial deposits.
The Lower Tarai is the southernmost part of the Tarai, which
consists of pebbles, fine silt, and clays. The climate is sub-
tropical and rainfall occurs mostly in June and July (mon-
soon season). The winter temperature is not severe and the
minimum recorded temperature is around freezing. Erosion
is generally low, though gulley erosion can be seen in some
areas.

Some elongated valleys lie between the Mahabharat and
Siwalik ranges representing Inner Tarai. These valleys,
namely Udayapur, Chitwan, Dang, Deukhuri, and Surkhet,
lie from east to west, and were formed due to continuous
erosion from rivers originating from the Mahabharat Lekh
and Siwalik.

4.3.2 Siwaliks

The Siwaliks lies in the frontal part of the Himalayas and is
locally known as the Churia Hills in Nepal. It extends from
east to west parallel to the Himalayan arc, and many dun
valleys lie between the Siwaliks and the Hills. The altitude
varies from 100 to 2000 m. This region consists of sedi-
mentary rocks and generally has a fragile landscape
(Fig. 4.5b). Rainwater significantly affects the soft and loose
soil so that debris flow hazards are common in this region.
The region is about 20 km wide near the Mahakali River and
less than 1 km wide near the Mechi River.
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Fig. 4.4 Physiographic map of Nepal. Modified after LRMP (1986)

4.3.3 Hills

The Hills region is located south of the Middle Mountain
region and north of the Siwaliks; however, there is no clear
boundary between the other two regions. The altitude varies
from 200 to 3500 m and extends east to west parallel to the
Himalayas. This region consists mostly of agricultural land
because of high weathering and erosion rates coupled with
rainfall. The extensive erosion in some places has exposed
mostly underlying rocks of metamorphic origin. The Hill
region consists of Lesser and Higher Himalayan rocks,
though some hills are covered by forest, bushes, and grass-
lands, with some landslides (Fig. 4.5¢). This region is dis-
sected by different major river systems in the Nepal
Himalayas, resulting in different intermontane valleys (i.e.,
Pokhara, Kathmandu, and Dhankuta).

4.3.4 Middle Mountain

This region consists of a steep and fragile landscape ranging
in altitude from 700 to 4100 m asl (Fig. 4.5d). This region is
dissected by two major antecedent rivers (Koshi and

Karnali) and is comprised of mostly Higher Himalayan rocks
covered by snow in the winter. People have been practicing
agriculture on the gentle slopes because the micro-climate is
suitable for wheat, maize, millet, and other cash crops.
Generally, the climate is warm-temperate, though the
micro-climate varies from east to west due to different
geomorphology and land use.

4.3.5 High Mountain

The High Mountain region lies in the northern part of the
Nepal Himalayas. The altitude ranges from 1800 to
8848.86 m asl and consists of steep slopes with narrow
valleys. These high peaks are covered by snow year-round,
though some steep slopes at low altitudes are forested
(Fig. 4.5e) (Table 4.2). Most of .the valleys at high altitudes
consist of glaciers from which all the perennial rivers orig-
inate. This region is made up mainly of metamorphic rocks
and some sedimentary rocks of the Tibetan-Tethys zone.
This region acts as a barrier for Indian monsoons and is
responsible for high amounts of rainfall in the southern slope
but prevents air moisture from entering the Tibetan Plateau.
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Fig. 4.5 Physiographic landforms of different regions. a Flat alluvial
land of Tarai, Ratu River, Mahottarai; b Fragile landscape of the
Siwaliks, Kailali; ¢ Panoramic view of Hills in the Nepal Himalayas

The climate is cool temperate below zero for more than six
months at a time. Agricultural production is mostly con-
centrated in the valley bottom. The Trans-Himalayan valleys
such as the Lo-Manthang, Manang, and Dolpo lie in this
region. Many large glaciers and glacial lakes exist in this
region and some are potentially in danger of bursting (Veh
et al. 2018).

(looking south from the Dolkha); d Steep mountains in the Middle
Mountain region, Kalikot; e Snowcapped mountains in the High
Himalayas region, Pokhara. Photos credit Basant Raj Adhikari

4.4 Conclusion

The evolution of the Nepal Himalayas began around 55 Ma
ago and plays an important role in the development of dif-
ferent tectonic discontinuities, which separated different
tectonic subdivisions of the Nepal Himalayas. These tectonic
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Table 4.2 Physi.ographic zones SN Physiographic Elevation Area/coverage Geological/climate/notable feature
of Nepal and their key zones (m asl) km?
features (LRMP, 1986)
1 Tarai 64 to 200 20,220 (14%) Indo-Gangetic plain, alluvial deposits,
subtropical, fertile land
2 Siwaliks 100 to 18,782 (13%) Siwalik, sedimentary rocks, dissected by
2000 rivers, fragile landscape, concentration of
settlements
3 Hills 200 to 430,792 (29%) Lesser and Higher Himalayas, sedimentary,
3500 igneous and metamorphic rocks, large-scale
folds/thrusts, subtropical
4 Middle 700 to 29,804 (20%) Higher Himalayas, steep and fragile
Mountains 4100 landscape, mostly metamorphic rocks,
subtropical
5 High 1800 to 35,283 (24%) Higher Himalayas and Tibetan-Tethys
Himalayas 8848 Himalayas, metamorphic and sedimentary

zones have different rock types and evolutionary histories.
The grade of metamorphism increases from frontal land to
hinterland. These tectonic zones coupled with climate and
altitude have strong significance on the physiographic divi-
sion of the Nepal Himalayas. These physiographic divisions
have different micro-climates, which control local land use
patterns and people’s livelihoods.

4,5 Glossary

Ganga Basin: A foreland basin of the Himalayas formed by
the Ganga River. It extends from the border between the
Ganga and Indus basins and the Aravali mountains to the
west, the Brahmaputra basin to the east, and the Vindhyas
and Chota Nagpur plateau to the south.

Himalayan arc: The entirety of the Himalayas is 2400 km
long and is arc shaped. It extends from the Naga-Parbat
(west) syntaxis to the Namcha-Barwa (east) syntaxis.

Indian plate: The Indian plate is one of the major tectonic
plates in the earth’s crust bordered by the Australian plate,
the Arabian plate, and the Eurasian plate. The Indian plate
includes most of South Asia and some parts of the Indian
Ocean.

Eurasian plate: The Eurasain plate consists of most of
Europe and Asia. It shares a boundary with the Indian Plate,
the Arabian Plate, and the American Plate.

Lithostratigraphy: An element of stratigraphy that deals
with the description and nomenclature of rock based on its
lithology and stratigraphic relations. The lithographic clas-
sification is based on lithological properties and relations.

Indus Tsango Suture zone (ITSZ): This suture zone is the
northern margin of the Himalayas that separates the
Tibetan-Tethys zone from the Eurasian Plate. It is the result
of a collision between the Indian Plate and the Eurasian

rocks, steep valleys

Plate. This zone runs parallel with the Indus and Tsangpo
rivers. Ophiollite rock is widespread here, showing the
remnants of the back-arc basin.

South Tibetan Deatachment System (STDS): A major
fault in the Nepal Himalayas, which separates the Higher
Himalayas and Tibetan-Tethys zones. This is a low-angle
normal fault sequence based on the assumption applied in
wedge extrusion and channel flow models. The STDS is well
exposed in the Kaligandaki, Manage, and Upper Dolpo
sections of the Nepal Himalayas.

Main Central Thrust (MCT): A prominent thrust zone in
the Nepal Himalayas, which separates the Lesser Himalayas
and Higher Himalayas. The MCT may have been active
between 25 and 15 Ma and active until 6 to 8 Ma. The
thickness of the MCT is higher in western Nepal compared
to eastern Nepal.

Main Boundary Thrust: This thrust separates the Lesser
Himalayas and the Siwaliks. It is well exposed throughout
the Nepal Himalayas and marked by a pressure ridge. Global
Positioning System measurements show that it is still active,
creating numerous landslides.

Main Frontal Thrust: This thrust separates the
Indo-Gangetic plain from the Siwaliks and extends
throughout the Himalayas. It can be identified in the field by
non-foliated breccia, fault gouge, and brittle deformation
microstructure within the host rock. However, it is very
difficult to trace this fault on the surface. It uplifts the
Himalayan topographic front.

Intermontaine basin: This basin developed within the
mountain landscape during the formation or growing of the
mountains. It is generally filled with alluvial deposits
transported from the surrounding mountain slopes. Some
examples in the Nepal Himalayas include Dang, Deukhuri,
Pokhara, Kathmandu, Hetauda, Gaighat, Chitwan, Marin
Khola, Puntura Khola and Sindhuli.
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Abstract

The land is one of the major components of the Earth’s
surface. Land with anthropogenic activities and interac-
tion is known as land use and land with natural status is
recognized as land cover. This chapter deals with the
overall land use and land cover (LULC) pattern of Nepal,
with the changing trends of major LULC types. Further, it
also covers an analysis of the land tenure system and land
use policies of the country and discusses the strength and
constraints of sustainable land use management and its
future direction. The recent land-use pattern of Nepal
shows that forest cover is the dominant land cover type,
with 44.47% of total land area in 2018. The status of
built-up area is low compared to other types, though this
is in increasing trend. Long-term analysis (1910-2010)
shows that the amount of agricultural land is expanding
rapidly; however, it is observed to be slightly declining
due to the rapid expansion rate of urban/built-up areas and
abandoned farmland after 2010. Most of the agricultural
land is being converted to the forest due to successful
community forestry practices in Nepal. Similarly, snow/
glacial cover changes significantly due to increasing
temperature in the Nepal Himalaya. The long-term status
of the land tenure system and land use policies in Nepal
change in different periods based on different socio-
economic and political systems in the country. In
addition, for sustainable LULC management, the newly
formulated 11-LULC zones by Land Use Policy 2015
need to be implemented in an appropriate way. It is vital
to manage sustainable land management and food
insecurity in Nepal in the future.
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5.1 Introduction

The land is one of the major components of the Earth’s
surface and is often changeable due to anthropogenic and
natural factors, which are recognized as land use and land
cover change (Foley et al. 2005; Paudel et al. 2016). The
changing phenomenon of land use and land cover (LULC) is
therefore also acknowledged as the direct and indirect
interaction between anthropogenic activities and environ-
mental factors (Klein Goldewijk et al. 2011). The term “land
cover” indicates the physical existence of land types on the
Earth surface, whereas the term “land use” refers to how
humans interact with and use the land (Chapagain et al.
2018; Lambin et al. 2001).

The long-term LULC status of global, regional, and local
scales shows that it is changing on a different scale (Klein
Goldewijk et al. 2011; Ramankutty and Foley 1999). In
Nepal, the long-term historical changing trend of different
LULC types differs from place to place (Adhikari 2016). The
agricultural land use trend shows that it has expanded largely
over the last 100 years (Paudel et al. 2018); however, the
forest cover status has positive- and negative-moving trends
between 1978 and 2018 (LRMP 1986; MoFE 2019). Very
high deforestation occurred in Nepal before the 1990s,
though the forest area began to recover noticeably after the
launch of the community forestry program over the ensuing
decade (Ghartichhetri et al. 2016). Previous studies reported
that the long-term status of snow/glacial cover was in
declining order (Bajracharya et al. 2014; Shrestha and Aryal
2011) whereas the amount of built-up area was increasing
(Rimal et al. 2020, 2018b).
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The recent pattern of LULC is different from previous
decades (e.g., the 1990s), with the highest forest cover
(44.47%) recorded in 2018 (MoFE 2019). The amount of
agricultural land was expanding until 2010 (Paudel et al.
2017), though after 2010 this land-use type declined slightly
due to a large rate of urban expansion (Rimal et al. 2018b;
Thapa and Murayama 2009, 2010) and farmland abandon-
ment (Chaudhary et al. 2018; Paudel et al. 2020a). Further,
the recent spatial land use pattern shows that the urban area
is expanding at a higher rate in the Tarai region (Rimal et al.
2020). In addition, the high rate of temperature increase in
the Nepal Himalaya (Paudel et al. 2020b) contributes to the
reduction of the snow/glacial cover.

The previous overall status of LULC change shows that
agricultural land is mainly converted to urban/built-up area
and snow/glacial cover is mainly converted into barren land
(LRMP 1986; Uddin et al. 2015). Because there is a large
gap regarding the implementation of existing agricultural
policies for appropriate management of agricultural land in
Nepal (Khanal et al. 2020), the land use policy in 2015
introduced different 11 LULC zones in Nepal for better
management of the land and land tenure system (MoLRM
2015; Nepal et al. 2020).

The LULC change projection shows that the agricultural
land and snow/glacial cover are in declining order, whereas
the urban/built-up area and barren land are expanding. In
addition, the forest cover is also projected to expand in
Nepal due to the increasing trend of farmland abandonment
and effective management of the community forestry pro-
gram. The LULC is essential for humankind and is necessary
for conserving the overall environment of Earth’s surface.
Better management of the LULC is necessary for a sus-
tainable future and development; therefore, this chapter
mainly deals with the overall LULC pattern, trends, and
land-use policies in Nepal. In addition, it also covers the
strengths and constraints of the sustainable land use man-
agement system with future direction and perspective on the
context of Nepal.

5.2 Land Use and Land Cover Pattern

5.2.1 Agricultural Land

The recent land-use pattern of Nepal shows that the total
agricultural land was 29.8% in 2010 (Fig. 5.1) (Uddin et al.
2015), and that it decreased to 28.2% in 2014 (Reddy et al.

Legend
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Fig. 5.1 Land use and land cover pattern in Nepal. Data source Uddin et al. (2015)
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2018). The spatial pattern of the agricultural land in Nepal
indicates that about 32.1% of the total agricultural land is
distributed within the Tarai region and is useful for agri-
cultural activities (Paudel et al. 2016). Similarly, the agri-
cultural area of Nepal spatially expanded in the river valley
and terraces (Fig. 5.2) of the Siwaliks, Middle Mountain,
and High Mountain regions (Uddin et al. 2015). Due to its
extreme climatic conditions and topography, there is far
fewer agricultural area in the High Mountain region, which
has only 0.5% of the total agricultural land (Paudel et al.
2016).

5.2.2 Forest

The study carried out by the Ministry of Forest and Envi-
ronment, Government of Nepal reported that the forest cover
made up 44.5% area of the total land area in Nepal in 2018
(MoFE 2019), though that amount was slightly less (39.1%)
in a national study in 2010 (Fig. 5.1) (Uddin et al. 2015).
The spatial distribution pattern of forest cover in Nepal

shows that it has covered area mainly in the
Siwalik-Mahabharat range (Fig. 5.3), the Middle Mountain
region, and the High Mountain region (Paudel et al. 2016).
Similarly, some area in the Tarai region is covered by dense
tropical forest, especially in the national parks (e.g., Chit-
awan National Park, Bardiya National Park) and community
forests. Out of the total forest cover (39.1%) in 2010,
broadleaved closed forest occupied 14.4% and broadleaved
open forest occupied 9.6%, followed by needleleaved closed
forest at 9.5%, while the remaining 5.6% was covered by
needleleaved open forest (Uddin et al. 2015).

5.2.3 Built-Up Area

Almost 0.32% of Nepal was covered by built-up area in
2010 (Fig. 5.3) (Uddin et al. 2015). The spatial pattern of
built-up area in Nepal shows that the large area of the
Kathmandu Valley is covered by this land use type (Rimal
et al. 2018a). The built-up area has mainly been increasing in
the country’s emerging cities (Fig. 5.4). Further, recent

Fig. 5.2 Terrace farmland in Ilam district, Nepal. Photo credit Zhang Yili/Basanta Paudel/Wu Xue
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Fig. 5.3 Forest cover in the Mahabharat range of Dadeldhura district, Nepal. Photo credit Basant Raj Adhikari

Fig. 5.4 Built-up area of Phidim, the district headquarters of Pachthar district, Nepal. Photo credit Zhang Yili/Basanta Paudel/Wu Xue
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studies show that the built-up area in the Tarai region is
expanding rapidly (Rimal et al. 2019, 2020, 2018b), as
distributed within large cities (e.g., Pokhara and Bharatpur)
(Rai et al. 2020).

5.2.4 Snow/Glacial/Waterbodies

Snow/glacial and water bodies covered 8.80% of Nepal’s land
in 2010, and out of this area, 0.03% was occupied by lakes and
0.57% by rivers (Uddin et al. 2015). This means that almost
8.20% country’s area was covered by snow/glaciers
(Fig. 5.1). This snow/glacial area is mainly located in the
northern part of the country covering the High Himalaya/
Himal region (Fig. 5.5a). These regions are mostly covered by
snow/glaciers year-round due to the tundra and nival climatic
conditions. Most of the melted water from snow cover runs
from Nepal’s major rivers in the north—south direction
(Fig. 5.5b).

5.2.5 Shrubland/Grassland

The land cover pattern in Nepal shows that in 2010 around
11.3% of the country’s area was covered by shrubland and
grassland. Out of this, around 7.9% was coved by grassland
and the remaining 3.4% by shrubland (Fig. 5.1) (Uddin et al.
2015). The distribution of grassland is mainly shown in the
areas of the Middle and High Mountain regions (Fig. 5.6),
and the valleys, Inner Himalaya, and alpine regions (Paudel
et al. 2016). There is a small portion of grassland present in
the lowland area.

5.2.6 Others

The other types of land use patterns, including barren land,
sand, and boulders, cover the remainder of Nepal (Fig. 5.7).
Barren land covers 10.65% of the country’s area and is
mainly distributed in the High Mountain and trans-Himalaya
regions of the country (Uddin et al., 2015), whereas most of
the sand and boulders lie in the major river basins such as
Koshi, Gandaki, and Karnali.

5.3 Land Use and Land Cover Change

5.3.1 Agricultural Land
Spatio-temporal analysis of LULC change shows that
agricultural land occupied 15,120 km? in 1910 (Paudel et al.
2018), which was increased to 37,030 km? in 1970 (Paudel
et al. 2017). Further, a study based on aerial photography
found that the country’s agricultural land was 40,019 km? in
1978 (Fig. 5.82) (LRMP 1986), which based on satellite
data analysis expanded to 43,910 km” in 2010 (Fig. 5.8d)
(Uddin et al., 2015). Over the period between 1978 and
2010, agricultural land expanded from 27.19% to 29.83% of
the total land area of the country (Table 5.1) (Paudel et al.
2016). The spatial distribution of agricultural land in 1978
(LRMP 1986), 1990 (ICIMOD 2014a), 2000 (ICIMOD
2014b), and 2010 (Uddin et al. 2015) is illustrated in
Fig. 5.8.

There are increasing trends of agricultural land in Nepal
between 1910 and 2010 (Paudel et al. 2019). However, these
changes have slightly decreased in recent years due to high

Fig. 5.5 Snow/glacial cover on a Mt. Dhaulagiri in Mustang district and the b Dudhkoshi River in the border area of Okhaldhunga and Khotang
district, Nepal. Photo credit Basant Raj Adhikari (a) and Basanta Paudel (b)
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Fig. 5.6 Grassland on Chirdung Mountain in Dolakha district, Nepal. Photo credit Basanta Paudel/Wu Xue

Fig. 5.7 a Barren land in Mustang district and b sand and boulders in the Karnali River in the Bardiya district of Nepal. Photo credit Basant Raj

Adhikari

levels of farmland abandonment in the Hill and Mountain
regions of the country (Chaudhary et al. 2018), and from
people migrating from highland to lowland and rural to
urban areas (Paudel et al. 2020a), along with a higher rate of

urban expansion in the Tarai region (Rimal et al. 2020,
2018b). These changes might create instability in sustainable
land management, food insecurity, and vulnerability for
peoples’ livelihoods.
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b) 1990

C:S Province boundary |:| Barrenland
- Forest [ ] Shrubland/grassland
- Builtup area - Snow/glacier/water body

[ ] Agriculturc land | No data
N ™

d) 2010

Fig. 5.8 Land use and land cover change between 1978 and 2010. Data sources a LRMP (1986); b ICIMOD (2014a); ¢ ICIMOD (2014b); and
d Uddin et al. (2015) for the years 1978, 1990, 2000, and 2010, respectively

Table 5.1 The conversion

e - LULC type Land cover
statistics of major land use in 1978. km?
between 1978 and 2010 ’

Agricultural 40,019
land

Forest cover 55,944
Grassland 16,985
Built-up 122
area

Shrub land 6888
Other lands 21,939

Source Paudel et al. (2016)

5.3.2 Forest

Forest cover holds the highest percentage of land cover type
in Nepal. Forest cover areas in Nepal were reported at 43.5%
in 1964 and 38.9% in 1978 (Fig. 5.8a) and were reduced to
29% in 1994 (Paudel et al. 2016). The study conducted by
Uddin et al. (2015) shows that this land-use type increased to
cover 39.1% area of the country in 2010 (Fig. 5.8d). Fur-
thermore, a recent study reported that the amount of forest
area has largely increased and covered 44.5% of the area in
2018 (MoFE 2019). These changes can be seen at different

Land cover Land cover Land cover Conversion between
in 2010, km? in 1978, % in 2010, % 1978 and 2010, %
43,910 27.19 29.83 +2.64
57,537 38.01 39.09 +1.08
11,634 11.54 791 —3.63
469 0.08 0.32 +0.24
5008 4.68 34 —1.28
16,561 14.91 11.25 —3.66

rates in different periods; for example, the rate of defor-
estation was much higher before the 1990s, and this
decreased as the amount of forest cover increased due to the
country’s successful implementation of the community for-
estry program (Ghartichhetri et al. 2016).

5.3.3 Built-Up Area

The total built-up area in Nepal was 0.32% in 2010 (Uddin
et al. 2015) and 0.50% in 2014 (Reddy et al. 2018), a
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significant change in only a few years. The total built-up area
in 1978 was 0.08%, though it increased to 0.32% in 2010
(Table 5.1) (Paudel et al. 2016). The spatial trend of the
built-up area shows high rates of increase in the Tarai region
(Fig. 5.8). A recent satellite-based recent study of the
western Tarai region explains that built-up area increased by
256 km? between 1986 and 2016 as more area was con-
verted from agricultural land (Rimal et al. 2020). Similarly,
the built-up areas are on an increasing trend in major cities
(e.g., Kathmandu, Pokhara, and Bharatpur) as the land
around metropolitan cities is converted from farmland (Rai
et al. 2020; Rimal et al. 2018a).

5.3.4 Snow/Glacial/Waterbodies

The status of the snow/glacial area has significantly changed
over the past decades. For example, the total area occupied
by snow/glacial/waterbodies occupied 5168.3 km? in 1980,
4506.3 km” in 1990, 4210.9 km? in 2000, and 3902.4 km” in
2010, showing a declining trend (Bajracharya et al. 2014).
Further, snow/glacial/waterbodies covered 8.80% of Nepal’s
area in 2010 (Fig. 5.8d), including 0.03% covered by lakes
and 0.57% by rivers (Uddin et al. 2015). These changes are
directly related to the increasing trends of temperature in the
Nepal Himalaya (Shrestha and Aryal 2011).

5.3.5 Shrubland/Grassland

Long-term  spatio-temporal  analysis  shows  that
shrubland/grassland in Nepal is on a decreasing trend. The
total area coverage by shrubland was 4.68% in 1978, which
declined to 3.4% in 2010 (Table 5.1) (Paudel et al. 2016).
The grassland area decreased by 3.63% between 1978 to
2010 from 11.54% to 7.91%, respectively (Fig. 5.8a—d)
(LRMP 1986; Uddin et al. 2015).

5.3.6 Others

The area of the remaining categories (i.e., barren land, sand,
and boulders) also decreased by 3.66% between 1978 and
2010 (Table 5.1) (Paudel et al. 2016) and was reported at
21,939 km” in 1978 (Fig. 5.8a) and 16,561 km? in 2010
(Fig. 5.8d) (LRMP 1986; Uddin et al. 2015). These changes
might be due to climate change in the Nepal Himalaya; for
example, erratic rainfall and cloudbursts create landslides in
the mountains and flooding in mountain rivers. These rivers
transport the sediment generated in the mountains to the
flatlands and deposit sand in the floodplain. Such events
change the land cover status to the sand and boulder cate-
gory. Similarly, the increasing trend of temperature in the

B. Paudel and B. R. Adhikari

Nepal Himalaya contributes to the melting of snow and ice
and with it the change to barren land. However, such
changes are also controlled by micro-climate and geomor-
phological differences within the country.

5.4 Land Tenure System and Land Use
Policies

Historically, the land tenure system in Nepal, especially
before the 1950s was mainly divided into two major classes:
Raikar and Kipat (Regmi 1978). These two land tenure
systems were subdivided into several sub-categories,
including Birta, Jagera, Jagir, Guthi, and Rakam. These
categories were redefined as Statutory and Non-formal after
1951. The Statutory category is further divided into three
types as Raikar (Private), State (Public/Governmental), and
Guthi, whereas Slums are included within Non-formal
(Khanal 2002; Nepal et al. 2020).

A recent study explains that there is a 409-year historical
record of land use policies and legislative provisions in
Nepal, including the legal code of Ram Shah in the Gorkha
kingdom (1606-1636), Royal Orders between 1768 and
1854, and the land use policy of 2015 (Nepal et al. 2020).
The land use policy 2015 developed and categorized the land
tenure system into 11 different zones, including agricultural,
residential, commercial, industrial, mines and minerals,
cultural and archeological, rivers—lakes—reservoirs, forests,
public use and open spaces, building materials excavation,
and other (MoLRM 2015).

5.5 Strength and Constraints of Sustainable
Land Use Management

Sustainable land use focuses on conservation of the natural
resources of the terrestrial ecosystem allowing reasonable
use of these resources that do not permanently destroy the
natural balance of the ecosystem. The United Nation Earth
Summit in 1992 defined Sustainable Land Management
(SLM) as “The use of land resources, including soils, water,
animals, and plants, for the production of goods to meet
changing human needs, while simultaneously ensuring the
long-term productive potential of these resources and the
maintenance of their environmental functions” (Meakin
1992). Therefore, SLM provides the opportunity to enhance
the quality of life. Improvement in soil quality using dif-
ferent direct and indirect techniques is an important aspect of
SLM. This can be achieved in many ways, such as through
climate change adaptation and mitigation. Climate change
impacts on land use and land cover change not only destroy
the natural ecosystem but also enhance natural hazards (e.g.,
erosions, floods, landslides, etc.). These natural hazards can
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destroy fertile soil and lead to loss of property. In contrast,
reducing greenhouse gas emissions from different anthro-
pogenic activities aids the C sink and protects the degrading
environment.

Land use planning and management helps to reduce
land-use conflicts, conserves critical ecosystems, protects the
environmentally sensitive habitat, and restores degraded land
to ensure a healthy life. SLM integrates the natural,
socio-cultural, and socio-economical resources of a partic-
ular area. Each area of the Earth’s surface has its own unique
natural ecosystem and must be dealt with in a unique way.
Sometimes a proper method of land use might have negative
impacts on others: for example, extensive land use by
planting coffee or tea using water can contaminate ground-
water in the mountain ecosystem and trigger landslides due
to oversaturation of soil. People are often hesitated to adopt
new technologies of SLM due to poor interaction between
landowners and experts.

5.6 Future Direction and Perspectives

The Land Use Land Cover (LULC) change can be seen
throughout the Earth’s history in different forms. The effects
of climate change, changes in human behavior, the migration
of people from rural to urban areas, and improper land use
management are major developmental challenges. While
such changes can be assumed to occur in the future, different
LULC change models exist, which Heistermann et al. (2006)
summarized into two groups: Geographical models and
Economic models. Geographical models usually consider
spatial information for the analysis of drivers of LULC
change and discuss how the change is related to the land
properties for suitability of use (Heistermann et al. 2006).
This model also projects future LULC changing scenarios
considering long-term climate change parameters. Economic
models, meanwhile, generally consider welfare optimization
principles either explicitly or implicitly to model production
and consumption patterns. There is a third group of models
that considers land use change and its impact on ecological
services (Verburg et al. 2004). All of the model groups
explained above use historical data to predict future sce-
narios; however, it is difficult to make accurate predictions
due to complex human migration patterns and the changing
climate.

Temperature increase and unpredicted rainfall have dri-
ven LULC change in the Nepal Himalaya (Paudel et al.
2019). Many land-use plans and policies exist in Nepal
based on international conservation treaties, and implemen-
tation of these plans and policies is a major challenge due to
the low literacy rate and lack of awareness about
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conservation. The government of Nepal has already
reformed the political system and begun practicing federal-
ism while improving land use policy and creating the 11
major land use zones. These federal states have some rights
and duties for better management of local LULC and will
prepare new plans for better management of LULC at the
state level as well as the local level. Moreover, as people will
continue to migrate from rural to urban areas the urban
population will increase, and the LULC pattern and practice
will change significantly.

Therefore, the following recommendations are proposed
for the successful implementation of LULC for sustainable
development and biodiversity conservation:

1. Strict implementation of LULC plan and policy in the
new political environment.

2. Preparation of short-, medium-, and long-term land-use
and disaster management plans considering changing
climate.

3. Scientific urban planning to encourage compact,
mixed-use, and walkable communities.

4. Formulation of an appropriate plan and program to mit-
igate the increasing trend of farmland abandonment.

5. Development of an appropriate plan and policy for
integrated and compact settlement in rural and emerging
town areas.

6. Preparation of a risk-sensitive land use plan and
implementation.

7. Preservation of open space and greenery in urban areas to
combat urban heat islands.

5.7 Conclusion

The spatial pattern of the recent Land Use Land Cover
(LULC) shows that forest cover holds the highest land use
type followed by agricultural land. There are significantly
increasing trends of urban/built-up areas in the major cities
and in the Tarai. Agricultural land and forest cover are the
most converted land cover types. Agricultural lands are on a
decreasing trend of being converted to the built-up area.
Forest cover has increased in recent decades due to the
successful implementation of community forestry practices
in the 1990s. The land tenure system was improved by the
Land Use Policy 2015 and categorized the country into 11
different LULC zones. However, this policy must be strictly
implemented to aid the advancement of sustainable LULC
management in Nepal. The policy will also help reduce the
haphazard expansion of urban/built-up areas in agricultural
land for the sustainable future.
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Abstract

Soil formation in the Himalayan region in general, and in
Nepal in particular, is determined primarily by geology,
geomorphologic processes, and climate. However, soils in
the populated hills and valleys have to some extent been
modified by anthropogenic influences. At high elevations
above 4000 m, soils tend to be very young and at the
initial stages of development. These soils are developed
from glacial or glacio-fluvial deposits from the last major
glaciations and postglacial events. At intermediate alti-
tudes of about 2500 to 4000 m, soils are mostly formed
on glacial outwash plains, alluvial deposits, and colluvial
debris from mass movements. In the hills and mountains,
soils are generally formed on the residual parent material
along the ridges and hill tops, colluvial debris on the hill
slopes and foot-slopes, and on alluvial deposits along the
valley bottoms. In the lower valleys and plains, soils are
mostly developed on depositional materials of alluvial or
aeolian origin. Therefore, Entisols and Inceptisols are the
dominant soil orders in the high mountains and along
river banks. In the middle mountains and valleys, in
addition to Entisols and Inceptisols, Alfisols can also be
found, while at lower elevations and in the plains region
occasional Mollisols, Histosols and Oxisols also occur.
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6.1 Introduction

Soils are the weathering products of rocks and other geo-
logic materials, broken down through physical, chemical,
and biological processes and influenced by local climate.
They are a vital component of terrestrial ecosystems and
serve to sustain the innumerable forms of life on land,
including humans. At first glance, and to the untrained eye,
soil appears lifeless and many consider it to be an abiotic
component of our physical environment. However, not only
are soils home to a wide variety of life forms including
plants, animals, and microorganisms, but they can them-
selves be considered a living entity as they are intricately
associated with life and the organic matter originating from
living organisms. Soils, along with the land upon which they
are formed, carry out numerous essential functions, includ-
ing biotic and production functions; hydrologic (movement
and storage of water); buffering, filtering, and transformation
of compounds and wastes; living space and connectivity;
archiving (preserving artifacts and records of past civiliza-
tions); storehouse of raw materials; and, combined with the
global water and carbon cycles, they help to regulate the
climate (FAO 1995).

Despite considerable advances in food and agricultural
technology, soils continue to serve as the primary means of
large-scale crop production and have supported the growth
and development of human societies since the dawn of
civilization, beginning with the onset of settled agriculture
nearly 12,000 yrs ago (Brady 1995). Soils may be regarded
as open systems (Buol et al. 1997) with continuous
throughput of materials and energy. They are constantly
changing and evolving entities comprising the interface
among the atmosphere, hydrosphere, lithosphere, and bio-
sphere. Energy in the forms of sunlight and heat, both from
solar radiation and from within the Earth, as well as mate-
rials of geologic and biologic origin along with water, are
transformed through a multitude of intensely interacting
processes. These include wetting and drying, heating and
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cooling, freezing/thawing, evapotranspiration, leaching,
weathering, erosion, and deposition (Buol et al. 1997).

6.1.1 Soil Genesis Concepts
While most soils tend not to be very old according to the
geologic time scale (most are younger than the Tertiary or
Pleistocene, or 2.58 M yrs, in age), due to their simultane-
ous formation and destruction, it typically takes several
hundreds to thousands of years to form just an inch of soil
(Brady 1995; Buol, et al. 1997). Soil formation in the
Himalayan region in general, and in Nepal in particular, is
governed by the geology, geomorphologic processes, and
climate, and, to some extent, has been modified by anthro-
pogenic influences in the populated hills and valleys.

The soil genesis or formation process follows several key
concepts as outlined by Buol et al. (1997). They are listed
below:

1. Soil formation processes that are active at present have
been “in operation over time and varying degrees of
expression over space.” Hence, the geologic uniformi-
tarian principle, i.e., “the present is the key to the past,”
can also be applied to soils.

2. The various soil forming, as well as destroying, pro-
cesses “proceed simultaneously in a soil, and the
resulting profile reflects the balance of these processes,
present and past.”

3. “Distinctive regimes or combinations of processes
produce distinctive soils.”

4. “Five external factors of soil formation drive the
internal pedogenic processes within the soil.” These
are: climate, organisms, relief (topography), parent
material, and time.

5. “Present-day soils may carry the imprint of a combi-
nation of pedogenic processes that was active in the
geologic past.”

6. “A succession of different soils may have taken place at
a particular site as soil genetic factors changed, and soil
erosion and deposition of soil material proceeded over
time, with the soil surface lowered or raised.”

7. Soils are not very old on a geologic time scale “because
they are either destroyed or buried by geologic events
or modified by shifts in climate.”

8. Soil genesis tends to be complex rather than a simple
process.

9. “Soils are natural clay factories.”

10. “Scientific soil classification systems cannot be based
entirely on genesis, because genetic processes can sel-
dom be observed.” They occur over long timeframes.

11. Knowledge about soil genesis is fundamental for
proper use and management of soils.
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The formation of soil and the development of the soil
profile with its distinctive features begins with the type and
nature of the parent material or unconsolidated upper layer
of the regolith (weathered loose terrestrial surface). The
parent materials from which soils develop originate with
rocks occurring at the surface of the Earth’s crust. These are
typically classified as igneous, sedimentary, or metamorphic
rocks. Igneous rocks are derived from molten lava that cools
at or near the land surface. Sedimentary rocks result from
deposition and re-cementation of weathering products of
rocks and often exhibit distinctive layering features. Meta-
morphic rocks are formed by changes in the form of igneous
or sedimentary rocks through intense pressure and heat
within the Earth’s crust. Common igneous rocks are granite,
basalt, diorite, andesite, and peridotite. Important sedimen-
tary rocks include limestone, dolomite, sandstone, and shale.
Commonly occurring metamorphic rocks are gneiss, schist,
quartzite, slate, and marble. A brief list of rock types and the
dominant minerals comprising them are provided in
Table 6.1. In the Himalayas, sedimentary and metamorphic
rocks are most common, while igneous rocks are only pre-
sent in minor amounts due to the absence of active volcanoes
in the region. Most occur as sedimentary and
meta-sedimentary rocks.

The rock weathering process is initiated by heat and cold
(freeze/thaw) and the action of water, as well by as the
abrasion by wind-blown fine particles, causing physical
disintegration of the material. This is accompanied by
chemical decomposition of the minerals through reactions
such as hydrolysis, hydration, acid corrosion, oxidation—re-
duction, and dissolution (Brady 1974). Further transforma-
tion of the parent materials is ultimately achieved by
biophysical and biochemical processes with the appearance
and proliferation of living organisms. Initially, lower forms
of life such as lichens and mosses colonize rocks and parent
material, but eventually this life is succeeded by higher
plants, microorganisms, and animals.

6.1.2 Emergence and Uplift of the Himalayas

Soil formation in the 2400 km long and 300 to 400 km wide
Himalayan region ensued following the uplift and mountain
building process that led to the emergence of the Himalayan
mountain ranges. This uplift process began with the collision
of the Indian tectonic plate with the Asian continental plate
between approximately 50 to 65 M yrs ago (Valdiya 2001).
The collision resulted in the heavier geologic substrata of the
Indian plate being subducted under the lighter layers of the
Asian plate and the subsequent folding and faulting of the
rock layers. Most of the Asian plate, along with some of the
upper layers of the Indian plate, was uplifted to form a series
of hill and mountain ranges (see Table 6.2 for the
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Table 6.1 A short list of
common rocks found in Nepal
and the dominant minerals
comprising them

Category

Igneous rocks

Sedimentary rocks

Metamorphic rocks

Source Adapted from Brady (1974)

approximate elevation ranges of the series). The ocean
between the two tectonic plates gradually shrank to become
the Neotethys Sea and eventually disappeared, resulting in
the Indus-Tsangpo suture. The highest peaks of the Greater
Himalaya (or Himadri) are relatively young (about 10 to
20 M yrs old) and still being uplifted (Valdiya 2001). Fol-
lowing collision and uplift, the ensuing down-cutting and
geomorphologic processes became the basis for soil forma-
tion and destruction in the region.

6.2 Soil Formation Factors

6.2.1 Geology and Geomorphology

Refer to Chap. 4 for the explanation of geology and geo-
morphology found in Nepal. Against the backdrop of the
orogenic processes leading to formation of the Himalayan
mountain ranges, the resulting geologic zones and materials
make up the precursors to parent materials from which dif-
ferent soil types result. A number of geologic zones are
identified from south to north across Nepal, separated by
faults running east—west. Towards the south of the country

Table 6.2 Elevation ranges of
the cross-section from South to
North of the Himalayan Region

Physiographic region
Tarai plains

Siwaliks range
Lesser Himalaya
Greater Himalaya
Tethys Himalaya
Source Valdiya (2001)
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Name of rock Dominant mineral(s)

Granite Quartz

Diorite Feldspars, muscovite

Gabbro Muscovite, biotite, horneblende
Basalt Muscovite, biotite, horneblende
Peridotite Horneblende, biotite, augite
Limestone Calcite

Sandstone Quartz

Shale Clays

Dolomite Dolomite

Conglomerate Variable

Gneiss Variable

Schist Variable

Quartzite Quartz

Slate Clays

Marble Calcite

and extending into India is the Tarai region, which com-
prises the northern part of the Gangetic Plain. To the north of
Tarai and separated by the Main Frontal Thrust (MFT) fault
is the narrow, broken belt of the Siwalik range, also known
as the Sub-Himalayan Zone. Further north of the Siwaliks
lies the Lesser Himalaya (also called the Mahabharat range
and the Middle Mountains in Nepal) separated from the
former range by the Main Boundary Thrust (MBT) fault.
This fault forms the active plate boundary where subduction
of the Indian plate beneath the Asian plate continues
(Whitehouse 1990). At the northern edge of the Lesser
Himalaya lies the Main Central Thrust (MCT) fault, to the
north of which is the Greater Himalayan zone. Still further
north of the Greater Himalaya, extending into the Tibetan
plateau, is the Tethys Himalaya, bounded on the south by the
South Tibetan Detachment System (STDS) and on the north
by the Indus-Tsangpo suture (Valdiya 2001; Dahal 2006).
The Tarai region of Southern Nepal is predominantly a
depositional belt that merges into the Gangetic Plains of
India. At the southernmost reaches bordering India, the soils
are mainly derived from alluvial deposits of fine materials. In
the middle of Tarai zone lies a marshy belt of about 10 to
12 km in width consisting of unconsolidated brown clay

Elevation range (m) Geographic location

~ 80 to 250 Along the India border
250 to 800 East—west across Nepal
800 to 3000 East—west across Nepal

3000 to 8000+
3600 to 5000+

Northern Nepal/Southern Tibet
Along Tibet—Nepal border
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sediments with gravel or pebble contents. Numerous springs
and Artesian wells emerge in this zone forming shallow
lakes and swamps in low-lying areas. Further north, near the
foothills of the Siwaliks range, lies the Bhabar zone, which
is made up largely of pebbles, cobble stones, and boulders
derived from rocks (mostly sandstone) of the Siwaliks and
Lesser Himalayan ranges. This zone forms the aquifer
recharge area for the Tarai region with streams and rivers
disappearing into the permeable and highly porous substrate
(Dahal 2006).

Just north of the Tarai region is the Siwaliks or
Sub-Himalayan zone occupying an east—west belt ranging
from 8 to 50 km in width. The region is made up mostly of
fossil-rich fluvial deposits ranging from 1.6 to 23 M yrs old
(Neogene age). The rock beds of the Siwaliks generally dip
northwards with several east-west running thrusts. The
lower Siwaliks are made up of laminated beds of greenish
fine-grained sandstone and siltstone with alternating beds of
variegated, multi-colored mudstone. The middle Siwaliks
consists of medium- to coarse-grained salt-and-pepper
sandstone inter-bedded with mudstone. The upper reaches
of the Siwaliks range are mainly comprised of conglomerate
and boulder beds of Lesser Himalayan rocks as well as lower
amounts of sand and silt beds. Also present are massive and
irregular mudstone beds rich in invertebrate fossils (Dahal
2006).
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The Lesser Himalayan region consists of rock beds that
are thrust southward over the rocks of the Siwaliks. The
rocks of this zone are predominantly sedimentary and
meta-sedimentary ranging from Precambrian to Eocene in
age, namely, schist, phyllite, slate, quartzite, limestone,
dolomite, etc., with some granitic intrusions. The Greater
Himalayan range, north of the Lesser Himalaya, is com-
prised mainly of thick (about 10 km) layers of coarse-
grained metamorphic rocks. These include Kkyanite-
sillimanite mineral-bearing gneiss, marble, schist, and
some granite in the upper layers. North of the Greater
Himalaya, and extending across the Tibetan plateau, lies the
Tethys-Himalayan range. In Nepal, this region occupies only
limited portions of the north, in the west-central part of the
country (the Manang, Mustang, and Dolpa areas). Here, the
rocks range from Cambrian to Eocene in age and consist
mostly of sedimentary rocks such as shale, limestone, and
sandstone (Dahal 2006). Table 6.3 provides a brief list of the
dominant rocks and landform processes in different phys-
iographic zones across Nepal.

6.2.2 Climate and Vegetation

Refer to Chap. 3 for the explanation of different types of
climate found in Nepal. Nepal is a narrow, elongated country

Table 6.3 Dominant rocks and
landform processes in different
physiographic zones of Nepal

Zone

Tarai plains

Churia range
(Siwaliks)

Dun valleys (Churia)

Mahabharat and
Middle Mountains
(Lesser Himalaya)

Midland valleys

High Himalaya
(Greater Himalaya)

Inner/trans Himalaya
(Tethys-Himalaya)

Extent and
elevation
range

20 to
50 km; 60
to 200 m

10 to
50 km; 200
to 1300 m

5 to 30 km;
200 to
300 m

10 to

35 km;
1000 to
3000 m

40 to
60 km; 300
to 2000 m

10 to
60 km;
5000 + m

5 to 50 km;
2500 to
5000 m

Dominant rock types

Alluvium, coarse gravel,
conglomerate

Sandstone, mudstone, shale,
conglomerate

Fine to coarse alluvial sediments

Schist, phyllite, gneiss, quartzite,
limestone, granite

Schist, phyllite, gneiss, marble

Gneiss, schist, marble, migmitites

Gneiss, schist, marble, and
Tethyan sediments (shale
limestone, sandstone, etc.)

Source Adapted from Dahal (2006) and Valdiya (2001)

Major
geomorphological
processes

Stream deposition,
erosion, tectonic uplift

Tectonic uplift,
erosion, slope failure

Erosion—deposition,
slope failure, tectonic
uplift

Tectonic uplift,
erosion, slope failure,
weathering

Tectonic uplift,
erosion, slope failure,
weathering

Tectonic uplift, glacial
erosion, slope failure

Tectonic uplift, wind
and glacial erosion,
slope failure
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wedged between India to the south, east, and west, and
China (Tibet) to the north. Within its short latitudinal span
ranging from 150 to 200 km in width, there are dramatic
variations in climatic regimes. A key factor leading to such
climatic variation is the drastic elevation difference across a
short distance from the lowest point of about 60 m above
mean sea level to the highest peak at 8848 m of Mount
Everest. Another factor is the influence of two major weather
systems, namely, the summer monsoon circulation during
June to September and the westerly circulation from
November to May. While the summer monsoons bring about
80 to 85% of annual precipitation, total amounts are higher
toward the southeastern areas of the country, whereas the
westerly derived winter precipitation has higher amounts in
the northwestern part (Karki et al. 2015; Shrestha 2000).

The mean annual temperature variation across Nepal
ranges from a high of about 28 °C in the southern Tarai belt
to a low of less than —12 °C in the High (Greater) Hima-
layan Region. While maximum temperatures in the Tarai
exceed 40 °C during the summer, winter lows typically
remain at near 0 °C for much of the country (at elevations
below 1000 m asl). In the hills and mountains, however, at
elevations above 1000 m, winter low temperatures dip well
below 0 °C. Apart from a few areas in the northwestern part
of the country, mean annual total precipitation is greater than
1000 mm. For much of the country, mean total precipitation
is in the range of 1500 to 2000 mm yrfl. Howeyver, there are
a few pocket areas in the east, central, and western devel-
opment regions of the country with a perhumid moisture
regime having a mean precipitation of 4500 to 5500 mm
yr ' (Karki et al. 2015).

Based on a modified Koppen—Gieger climate classifica-
tion, Karki et al. (2015) proposed eight different climatic
types across Nepal (Table 6.4). These include, from warmest
to coldest: Tropical Savannah, Temperate with dry winter

Table 6.4 Climate types and
area coverage across
physiographic regions of Nepal

Physiographic region

Tarai, Lower Siwalik

Siwalik/Churia valleys

Upper Siwalik and Midland valleys

Lower Mahabharat

Upper Mahabharat and Middle
Mountains

Inner/trans Himalaya
High Himalaya
High Himalaya
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and hot summer, Temperate with dry winter and warm
summer, Cold with dry winter and warm summer, Cold with
dry winter and cold summer, Cold Arid Steppe, Polar Tun-
dra, and Polar Frost climate. Temperate climate types cover
the largest area across the country, followed by Tropical
Savannah. These broad climatic regimes lead to the occur-
rence of dominant vegetation patterns and distinctive soil
types with further variations brought about by localized
differences in micro-climatic conditions.

The prevailing climate determines the dominant vegeta-
tion found in each region, and altitude plays an important role
due to its effect on mean annual temperatures. At low ele-
vations of the Tarai region, tropical deciduous forest occurs,
with the dominant tree species being Shorea robusta, along
with a variety of savannah grasses and shrubs. Shorea
robusta is also widely found in the lower Siwalik region
(Churia range and Bhabar zone), along with Acacia catechu
and Dalberigia sissoo. In the western part of the country,
Adina cordifolia and Terminalia tomentosa are also com-
monly seen along with an infinite variety of grasses and
shrubs. At elevations of about 1000 m and higher, Pinus
roxbourghii dominates in the west, while Schima walichii
and Castanopsis indica occur in the eastern part of the
country. Further up in elevation between about 2000 and
3000 m, Oak—Rhododendron forests dominate, with Quercus
semicarpifolia, Q. lamellose, Q. pachyphylla, and Rhodo-
dendron arboretum being most common. In the sub-alpine
altitudinal zone between 3000 and 4000 m, coniferous forests
are most common in the west, while deciduous broadleaf
forests can be found in the eastern areas. Species such as
Abies pindrow, A. densa, Betula utilis, and R. arboretum
commonly occur. At still higher elevations between 4000 and
5500 m, alpine vegetation can be found, including Del-
phinium spp., Rhododendron anthropogon, Juniper, and
various grasses and herbs (Hagan 1972; Valdiya 2001).

Climate type Area, Area,
km? %

Tropical Savannah 31,078 21.1
Temperate with dry winter and hot 46,011 313
summer

Temperate with dry winter and warm 33,133 23.5
summer

Cold with dry winter and warm summer 6,232 4.2
Cold with dry winter and cold summer 669 0.5
Cold Arid Steppe 864 0.6
Polar Tundra 26,797 18.2
Polar Frost climate 2,399 1.6

Source Modified from Karki et al. (2015), Dahal (2006), and Whitehouse (1990)
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6.2.3 Land Systems and Major Landform Types

The landform types across a landscape reflect the dominant
geomorphologic processes shaping the land and soil types in
each area. Across Nepal, a series of different land systems
and corresponding landform types have been identified for
each of the five major physiographic regions of the country
(LRMP 1986). These clearly influence the soil formation
(and destruction) processes active in each region. In the
Tarai region, alluvial plains and fans make up most of the
land area and deposition processes dominate. Active alluvial
plains, present river channels, sand and gravel bars, and
near-level flood plains that are frequently flooded are the
main landforms. At slightly higher landscape positions, less
frequently flooded, gently sloping to undulating slopes, as
well as low-lying depressional areas and flat high ground can
be seen. On the upper piedmonts, alluvial fans and apron
complexes occur with slight to gentle slopes and relatively
non-dissected to highly dissected gently rolling topography
(LRMP 1986).

The Siwalik region to the north of the Tarai has, aside
from active and recent alluvial plains, fans and aprons,
ancient river terraces (Tars), and depositional basins or
valleys (Duns). These landforms have areas ranging from
very gently sloping to undulating and rolling terrain. Also
present are moderate to steeply sloping hills (15-30° slopes),
as well as steeply to very steeply sloping mountainous ter-
rain (30-60° slopes).

In the Middle Mountain region, which includes the
Mahabharat and part of the Lesser Himalaya, alluvial plains
and fans occur in valleys and areas adjacent to major rivers
and streams with steep gradients. Commonly occurring are
ancient river terraces that may be dissected or non-dissected.
However, much of the land area consists of moderate to
steeply sloping mountainous terrain (30-60° slopes), and
steep to very steep mountainous terrain (>60° slopes).

The High Mountain region, comprising parts of the
Lesser Himalaya and Greater Himalaya, is predominantly
past-glaciated, with moderate to very steeply sloping
mountain terrain categorized based on elevation range below
and above the limit of arable agriculture. Here, the active and
recent alluvial plains, fans, and ancient alluvial terraces are
confined to narrow areas adjacent to rivers and streams with
steep gradients that make deep incisions into the moun-
tainous terrain. The High Himal region comprises much of
the Greater Himalaya and parts of the Tethys Himalaya
bordering Tibet. It consists mostly of very steep and rugged
terrain as well as glaciated areas with a preponderance of
rocks and boulders with little or no soil formation (LRMP
1986).
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6.2.4 Humans as a Factor Influencing Soil
Development

Anthropogenic influences on soil formation occur because
humans have manipulated soil from the inception of settled
agriculture more than 10,000 yrs ago. The extent and
intensity of impacts on the land progressively grew as civ-
ilizations expanded and global population increased along
with the advancement of technology enabling tremendous
exploitation of natural resources to meet the needs of
humans. In Nepal, agriculture has been the mainstay of
economic development for many generations. For centuries,
farmers have been cultivating the land and re-shaping hill
slopes through terracing and impounding water in valleys for
paddy. Over many decades of tillage, addition of soil
amendments, and irrigation, the physical, chemical, and
biological properties of the soil and even the profile features
are altered. Hence, farming practices that involve
over-turning the soil, exposing subsoil, or burying topsoil,
along with other artifacts of human civilization, over pro-
longed periods of time, lead to soils that develop distinctive
characteristics that are a consequence of human influence.
Such characteristics have, in recent years, become recog-
nized as commonly occurring in human-impacted soils the
world over. These soils are classified as having an “anthropic
epipedon” (surface layer) within the USDA soil taxonomic
system (Soil Survey Staff 2014).

6.3 Key Soil Formation Processes
by Physiographic Region

Refer to Chap. 4 for the explanation of physiographic
regions of Nepal. In Nepal, there are two key processes that
dominate in soil genesis influenced by altitudinal gradients
from north to south, and geomorphologic effects of
(yet) young and active mountain ranges. In the high moun-
tains, glacial and glacio-fluvial processes dominate (Baulmer
and Zech 1994), while in the mountain valleys and plains,
fluvial and aeolian processes are most prevalent. Hence, soils
at high altitudes (above about 4000 m) tend to be very
young soils at the initial stages of development and influ-
enced mainly by orographic position and elevation, which
has the effects of integrating climatic and biophysical factors
(Baulmer and Zech 1994). These soils are developed from
glacial or glacio-fluvial deposits from the last major glacia-
tions and postglacial events. At intermediate elevations
(~2500 to 4000 m), soils are mostly formed on glacial
outwash plains, alluvial deposits, and colluvial debris from
slips, slumps, and landslides (Reddy and Singh 1993). In the
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hills and mountains, soils tend to be formed on residual
parent material (ridges and hill tops), colluvial debris (hill
slopes and foot-slopes), and on alluvial deposits along the
valley bottoms. In the lower valleys and plains, soils are
mostly developed on depositional materials of alluvial or
aeolian origin. Likewise, the soil types that occur across
Nepal are consistent with the soil genesis processes and
reflect the influence of altitude and monsoonal variation,
which determine the overall climatic and biophysical char-
acteristics across the physiographic regions.

6.3.1 High Himal Region

At elevations above about 5500 m in the High Himal region
of the Greater and Tibetan-Tethys Himalayas, the annual
average temperatures are almost always below freezing. The
landscape is covered with snow and ice and dominated by
boulders and rocks. Therefore, in this region, there is prac-
tically no soil development as there is a lack of vegetation
and very little biological activity.

6.3.2 High Mountains Region

This region includes the Alpine and Sub-Alpine climatic
zones of the Greater Himalayan range situated at altitudes of
3000 to 5000 m asl. Here, glacial and glacio-fluvial pro-
cesses dominate, with parent material being mainly glacial
till and alluvial sediment from glacial rivers on outwash
plains. Therefore, soils are mostly very young to slightly
developed. Commonly found soil orders include Entisols,
Inceptisols, and Spodosols, of which Dystrochrepts, Hap-
lumbrepts, and Cryumbrepts (some of which have calcare-
ous materials). Great-groups are most common according to
the United States Department of Agriculture (USDA) taxo-
nomic classification (Soil Survey Staff, 2014). In the Alpine
zone, Entisols are very shallow (8 to 12 mm), rocky soils
with minimal soil development lacking in B horizons,
whereas in the lower reaches of the Alpine zone, Spodosols
with their characteristic ashen subsoil horizon can be found.
Only in a few locations, with favorable temperature and
moisture conditions, are Inceptisols observed, having
somewhat more subsoil development than Entisols. In the
Sub-Alpine zone, apart from Inceptisols, Alfisols, which
have well-developed soil profiles and features, can be found,
of which Haplustalfs are most common. A markedly con-
trasting situation is observed in the arid zone of the
Trans-Himalayan region (parts of the Tibetan-Tethys-
Himalaya), where Aridisols predominate. Due to the
rain-shadow effect of the High Himalayan range, low annual
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total precipitation occurs here, typically in the range of 250
to 500 mm yr ' or less and aeolian processes of wind ero-
sion and deposition dominate.

6.3.3 Middle Mountains and Midland Valleys

In the Middle Mountains and valleys therein, fluvial processes
predominate, with water erosion being the main weathering
agent along with the action of gravity (colluvial deposition)
and mass movements of steep slopes. Wind erosion is limited
here but can have a seasonal impact during the prolonged dry
season (October to May). Thus, soils in this region tend to be
moderately developed and fall mostly in the orders of Alfi-
sols, Inceptisols, and Entisols. Alfisols dominate on the upper
slopes and ridges and are characterized by deep soil profiles
with moderately developed subsoil horizons but low base
saturation. Of this order, the Great-groups Haplustalfs and
Hapludalfs are most common. Inceptisols and Entisols
(Dystrochrepts and Eutrochrepts) are found mainly on the
lower slopes and valleys where depositional processes dom-
inate, particularly those of streams and rivers that are known
to carry seasonally high sediment loads owing to the active
geology of the region (Chalise and Khanal 1997; Sharma
1997). Occasionally, Mollisols (Argiudolls) and Vertisols
(with high shrink-swell clay contents) form on lacustrine
deposits in valleys that were once inundated by glacial lakes,
such as Kathmandu and Banepa.

6.3.4 Siwalik Region and Dun Valleys

In this region, comprised of alluvial fans and gentle to
moderately sloping terrain, both alluvial and aeolian deposits
can be found due to gentle to moderate slopes with many
streams and rivers leading to water erosion, as well as a
prolonged dry season during which wind erosion can also
occur. On the upper slope positions and level summit areas
of hills, mature soils with well-developed profiles are com-
monly found, whereas along the lower slopes and near
stream or river banks, younger soils with less profile
development tend to occur. The lower hills and plains region
have mature, well-developed soils due to high temperatures
and seasonal moisture contents. The predominant soil order
found is Alfisol (Rhodustalfs, Haplustalfs, and Hapludalfs)
with occasional pockets of Oxisols and Histosols. Soils tend
to be reddish-brown in color, indicating high contents of Fe
and Al oxides as typified by significantly weathered and
mature soils. In the floodplains of active streams and rivers,
however, Inceptisols and Entisols may also occur on recently
deposited sediment.
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6.3.5 Tarai Region

This region is made up of level to gently sloping plains
with mostly southward flowing rivers and streams, as well
as depressional (low-lying) areas that form swamps and
shallow wetlands. Areas adjacent to rivers with active
seasonal flooding have frequent deposition of sand and silt
where young soils (Entisols) form, of which, Udorthents,
Ustorthents, and Psamments are common. Also, frequently
found are Inceptisols (Eutrochrepts, Udochrepts, and
Ustochrepts), which are relatively young but with weakly
developed subsoil features and that are found on upper,
non-flooded parts of the plains, and the lower reaches of
alluvial fans. In depressional and frequently flooded areas,

Table 6.5 Major soil orders and

) A e Physiographic Major soil
doml'nant SO'll typés in different region orders
physiographic regions of Nepal

High Himal -
High Inceptisols
Mountains
Alfisols
Entisols
Middle Inceptisols
Mountains
Alfisols
Entisols
Inner Tarai Entisols
Inceptisols
Mollisols
Siwalik/Churia Inceptisols
Alfisols
Entisols
Tarai plains Entisols
Inceptisols
Alfisols
Histosols,
Oxisols
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both Inceptisols and Entisols are found, including
Haplaquepts, Haplaquents, and Psammaquents. Oxisols are
likely to be found only in a few localized areas in the
southeastern Tarai near the Indian border, while small areas
of Histosols occur in and around wetland areas of the
southern plains. Only rarely do Mollisols occur where high
organic matter, deep profiles, and high base saturation
result from a combination of rapid vegetation turnover,
suitable landscape position, and calcareous parent material.
In a few similar areas that are frequently wet or regularly
flooded, Haplaquents with calcareous materials can also be
found. A short list of major soil types in each of the main
physiographic subdivisions of the country is provided in

Table 6.5.

Main Dominant great-groups Remarks

suborders

- - Rocks and ice only

Ochrepts, Dystrochrepts, *with calcareous

Umbrepts Haplumbrepts, materials
Cryumbrepts*

Ustalfs Haplustalfs South-facing

upslope areas

Psamments Ustipsamments Along riverbanks

Ochrepts, Dystrochrepts, Back-slope areas

Umbrepts Haplumbrepts

Ustalfs, Udalfs

Hapustalfs, Rhodustalfs,
Hapludalfs

Ridge tops and
south-facing areas

Aquents, Haplaquents, Haplarents Along riverbanks
Arents

Aquents, Haplaquents, Udorthents, Depositional areas
Orthents Ustorthents

Ochrepts Dystrochrepts, Eutrochrepts Lower slope areas
Udolls Argiudolls Limited areas
Aquepts, Haplaquepts, Eutrochrepts Lower slope areas
Ochrepts

Ustalfs, Udalfs

Rhodustalf, Hapludalfs

Level upslope areas

Aquents, Haplaquents, Along riverbanks
Psamments, Psammaquents, and depositional
Orthents Udipsamments, Ustorthents areas

Aquents, Haplaquents,* *with calcareous
Psamments, Psammaquents, materials

Orthents Eudorthents, Ustorthents

Aquepts, Haplaquepts, Eutrochrepts Slightly developed
Ochrepts

Ustalfs, Udalfs

Hapludalfs, Haplustafs

Mature,
well-developed

Folists, Medifolists, Luvihemists; Limited/small areas
Hemists; Hapludox, Haplustox
Udox, Ustox

Source Modified from data of Soil Science Division, Nepal Agricultural Research Council
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6.4 Imperatives for Sustainable Production
and Management of Land in Nepal
6.4.1 Key Considerations

While the plains and mid-hills regions of Nepal are densely
populated and have limited productive agricultural lands,
demands on the soil and land-based resources continue to
steadily increase. With nearly two-thirds of the population
directly or indirectly dependent on agriculture accounting for
about 33% of the national gross domestic product (GDP),
food production at present falls short of domestic require-
ments (MOAC 2014). This is largely due to the nearly
stagnant production levels of major food crops and subop-
timal yields caused by the diminishing fertility of cultivated
land from a lack of replenishment of soil organic matter and
inadequate application of fertilizers (Bajracharya and Sher-
chan 2009; Karki 2006).

Soils have, in recent decades, gained recognition for their
ability to serve as sinks or sources of greenhouse gases,
namely, carbon dioxide (CO,), methane (CH,), and nitrous
oxide (N,O). The accelerated global warming phenomenon
attributed to human activities such as the burning of fossil
fuels and clearing of vast areas of forest could potentially be
mitigated through carbon sequestration in soils. This is
because soils contain about 75% of the terrestrial carbon
pool (~1500 pg organic C and ~ 1700 pg inorganic C),
that is, nearly three times more than the amount of carbon
stored in living organisms and the atmosphere combined
(FAO 2001; Lal and Kimble 1994). It is therefore essential
to conserve soils and enhance their productive potential to
maintain a global climatic balance, as well as to nurture the
ever-growing population.

6.4.2 Future Priorities and Outlook

The consequence of the increasing pressures upon the land is
a steady degradation of the soil through erosion, fertility loss,
and reduced depth. The forms of degradation are interrelated
and reinforce one another usually initiated by the clearing and
destruction of vegetation. Once the protective and stabilizing
vegetative cover is removed, surface runoff and overland flow
of rain water increases while infiltration and percolation into
the ground is reduced. Thus, soils become susceptible to
various forms of erosion, which removes the fertile topsoil
and subsequently reduces the effective plant rooting depth
(Lal 1997). Furthermore, the eroded sediment and nutrients
washed away into rivers and streams often have adverse
consequences downstream (Merz 2004). Hence, the cycle of
degradation, once set-in motion, builds up momentum, and if
un-reversed, could exceed the critical threshold beyond which
recovery of the agro ecosystems may become difficult
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(Bajracharya et al. 2007). Therefore, it is imperative that
policymakers, conservation workers, and farmers all work in a
coordinated manner to urgently take the requisite precautions
to safeguard our life-giving soils.
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Abstract

Nepal exhibits unique topographic features with great
biodiversity variation within a short gradient. The vari-
ation, along with the gradient, is coupled with heteroge-
neous soil types. Entisols, Inceptisols, Alfisols, and
Mollisols are commonly found soils in Tarai and the
Middle Mountain physiographic regions. Similarly, the
Siwaliks and High Mountain physiographic regions are
dominated with Entisols and Inceptisols. The High
Himalayan physiographic region is dominated with
Inceptisols and Spodosols with rock outcrops. However,
a different topo-sequence of soil is observed even in
different aspects of the same topography. Soil variation
with a microclimatic difference manifests the possibility
of growing a wide range of crops that can contribute to
the country’s gross domestic product. Additionally,
different soil types are promising for maintaining soil
biodiversity which can be nurtured with proper identifi-
cation and conservation of the soils in the region. As
such, proper management of soil is necessary to keep up
diversity to secure and foster the Nepalese economy.
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7.1 Introduction

From the time cultivation began, humans noticed the dif-
ferences in soils and classified them according to their
suitability for different uses. In general, farmers have
important knowledge for soil classification based on physical
soil properties and qualify soil quality to produce crops
(Nath et al. 2015). Farmers used descriptive names such as
black soils, red soils or yellow soils based on soil color.
Similarly, they classify soil as clay, loamy, or silty based on
textural classes indicating different levels of workability
during tillage. Other soil names such as limestone soils,
piedmont soils, sandy soil, and alluvial soils, are still in
common use today and suggest the parent materials from
which the soil was formed. These terms can convey valuable
meaning to local users but they are inadequate for helping us
organize our scientific knowledge of soils or defining rela-
tionships among the soils of the world (Barrera-Bassols et al.
2006). So, a system of soil classification was developed to
create a common understanding.

Soil classification systems vary in different areas and soil
is classified using traditional to scientific approaches. A sin-
gle soil classification system is essential for fostering global
communication about soils not only among soil scientists,
but for all people concerned with the management of land
and the conservation of soil resources (Brady et al. 2008).
Classification is the process of ordering soils into groups
with similar properties and potential uses (Fitzpatrick 2013).
Each country has adopted either a soil taxonomy system
(Soil Survey Staffs, 2010) or the IUSS Working
Group WRB (2007) for the general purpose of broad soil
classification that communicates soil information at inter-
national scales. These classification systems provide valu-
able broad conceptual understanding of soils in terms of the
morphological, physical, and chemical properties of soil
profiles (Fitzpatrick 2013).

The purpose of any classification is to organize our
knowledge so that the properties of objects may resemble
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one another and be easily understood in terms of their
relationship for a specific purpose. Soil classification is often
referred to as a taxonomy, since the system follows a pro-
cedure and criteria that forms well-defined groups and exists
within a set of rules for allocation (Mishra, 2016). Soil is
classified using multiple approaches because of its com-
plexity and diversity. Through such systems, we can take
advantage of research and experience at one location to
predict the behavior of similarly classified soils at another
location. Therefore, through a classification system, we can
create a universal language of soils that enhances commu-
nication among users of soils around the world.

Located between 26°22° to 30°27” N latitude and 80°4’ to
88°12’ E longitude with a total area of about 147,181.0 km?,
Nepal is a country of extremes, both in its landscape and its
climate. It has vast, a flat to almost flat plain in the south to
very highly rugged mountainous terrain in the north. Its
elevation above mean sea level ranges from about 55 m in
the south to the world’s highest peak, the Mount Everest
(8848.86 m, the new height of Mt. Everest) in its extreme
north. Its climate ranges from hot and humid Subtropical to
Arctic. Though very small in size, so extreme is the coun-
try’s diversity that one can easily see bananas and apples
ripening in the same season just by driving a few km from
south to north. This indicates that Nepal is diverse in its
landscape and climate (Vaidya and Maskey 2000). Natu-
rally, these diversities have their marked impact on the
occurrence of varied soils in the country. Climate, Organ-
isms (Biota), Relief, Parent materials, and Time (CIORePT)
have universally been recognized as the most important
factors that influence the formation and occurrence of soils
in a given place (Chap. 6). Hence, a summarized description
of these important features of Nepal will be relevant in
understanding its soils.

7.2 Physiographic Regions of Nepal

Based on the grouping of the repeating patterns of landforms
(Nelson; FAO 1980), the existence of the following five
physiographic regions has been recognized in Nepal
(Fig. 7.1). These regions represent well-defined geographi-
cal areas, different land features, bedrock geology, geo-
morphology, and climate (Carson et al. 1986).

Tarai: Bordered to the south by the Indo-Gangetic plains and
to the north by the Siwalik physiographic region, the Tarai
physiographic region is generally flat with a minor relief of
approximately 2-10 m km 2. The elevation ranges between
60 and 330 m asl from south to north. The region is also
called the northern edge of the Gangetic Plain, whose
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geology consists primarily of recent and post-Pleistocene
alluvium materials. It is built by alluvial deposits from riv-
ers, and its major deposits are formed in recent periods or
reworked by water. Four major rivers (Koshi, Gandaki,
Karnali, and Mahakali) and their tributary rivers are the
major sources of the alluvial deposit in the region. It consists
mainly of recent to post-Pleistocene quaternary alluvial
deposits, predominantly loamy textured and stone free soil
(LRMP 1986).

Within this physiographic region, three different land
systems such as Active alluvial plains, Recent Alluvial
plains (Lower piedmont), and Upper piedmont plains have
been recognized (LRMP 1986). The active alluvial plains
constitute the lowest level plains in this region because it lies
in the proximity of rivers that are subjected to annual
flooding during the monsoon season. The recent alluvial
plains (the lower piedmonts) are of intermediate level and
are mostly separated from the intermittent flooding during
monsoons. The upper piedmont plains, which forms the
highest level of the plains, lie near the Siwalik Hills. Within
each of these various level plains, land types vary based on
their proximity to rivers and their land position. This region
constitutes about 14.6% of the country’s total area.

Siwaliks: The Siwaliks physiographic region is located
between the Tarai upper piedmont plains to the south and the
Middle Mountain region to the north. It is generally made up
of tertiary, interbedded sandstones, shale conglomerates, and
quaternary alluvium, subtropical. The elevation ranges from
about 300 to 700 m asl. The landscapes are quite rugged
with high relief. The region has plains as well as steep
mountainous terrains. The region consists of young hills and
mountains and is one of the most fragile and vulnerable due
to soil erosion and landslides (Ghimire et al. 2013). Soil
formation is mainly dominant as active alluvial deposit in
this region.

Within the plains, three different types of landforms occur
(a) Active and recent alluvial plains (b) Fans, aprons, and
ancient river terraces (c) Depositional basins or Dun valley
(LRMP 1986). The mountainous terrain is generally mod-
erately steep to very steep. The plain portions are generally
termed as inner Tarai and or Dun valleys. They are struc-
turally controlled valleys whose outlets at some points were
blocked by the rapid tectonic uplift (LRMP 1986) of the
Siwalik range to the south. Most agriculture and settlements
in the Siwaliks region are centered on these plains. The
major inner Tarai/dun valleys of the country are Chitwan,
Surkhet, Dang-Deokhuri, Kamala, Trijuga, and northern
Nawalparasi. The region constitutes predominantly north
dipping, semi-consolidated interbedded tertiary to quater-
nary sandstones, mudstones, siltstones, and conglomerates
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(LRMP 1986). This region constitutes about 12.7% of the
total land area of the country.

Middle Mountains: The Middle Mountain region is located
between the Siwaliks region to the south and the High
Mountain region to the north. The elevation ranges from 700
to 2000 m asl. The region consists of Precambrian to
Cambrian phyllites, schists, quartzites, granites, and lime-
stones (LRMP 1986). These rocks and minerals are gener-
ally deeply weathered and formed in the subtropical to warm
temperate climate. Within this region, the Kathmandu valley,
a fine example of a tectonic valley, can be found. During the
tectonic uplift of the Mahabharat Mountain (the middle
mountain), the Bagmati River of the Kathmandu valley was
dammed and remained as a lake. Later, it was successful in
breaking the geological fault line at Chobhar, draining the
water. The famous Pokhara valley is also located in this
region. The landscapes of this middle mountain region are
generally rugged with high relief. The region contains both
nearly level plains and steep to very steep mountainous
terrain. The proximity of the river and the land position have

marked influence on the nature of alluvium, and hence the
soils. The elevation ranges from 700 m to about 2000 m asl.
Diverse climate and landscapes support year-round agricul-
tural production on river valley plains and on the sloping and
level terraces of the mountainous terrain. Soil formation in
this region is mainly dominated by residual parent materials
(ridge and hilltops), colluvial debris (hill slopes and
foot-slopes), and alluvial deposit of the ancient terrace along
the river valley bottoms (Bajracharya 2013). Soils of this
region tend to be moderately developed in the valleys to
mature in the plain/tar areas. This region constitutes about
29.5% of the country’s total land area.

High Mountains: The High Mountain physiographic region
is located between the Middle Mountain physiographic
region in the south and the High Himal physiographic
region in the north. The elevation of this region ranges from
2000 to 3000 m asl. It consists mainly of Precambrian to
Eocene gneiss, quartzites, and schists. Phyllites and lime-
stones are generally not deeply weathered, glaciated, and are
warm temperate to alpine. The landscapes in the region are
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very rugged with very high relief (>3000 m asl). As in the
Middle Mountain region, the High Mountain region con-
tains both areas that are nearly plains and steep mountainous
terrain. However, in this region, the strips of nearly plain
area along the major rivers are relatively smaller. All the
valleys in this region have been glaciated. The region has
highly metamorphosed Precambrian to Eocian gneisses,
quartzites, schists, phyllites, and limestones (LRMP 1986).
The High Mountain region also has limited land area for
agriculture production due to its steep topography, and the
climate is also limited for crop production. Limited soil
information is available in this region. Glacial and
glacio-fluvial processes have dominated soil formation and
are mainly developed from deposits of the last main
glaciations, which are predominated by para-gneisses
(Baulmer and Zech 1994). It is reported that soil forma-
tion in the High Mountain region is strongly influenced by
orographic position (Righi and Lorphelin 1986) and eleva-
tion (Carson 1992), which essentially integrates climatic and
bioclimatic parameters. This region constitutes about 19.7%
of the country’s total land.

High Himalaya: Located above the High Mountain physio-
graphic region, the High Himalayan physiographic region is
the last frontier of the country in the north. It consists mainly
of Precambrian to Eocene gneiss, limestones, schists, and
granites, with active glaciations formed in subalpine to arctic
climate. The elevation ranges from around 3000 to 8849 m
asl. The etymological meaning of Himalaya in the Nepali
language means “house of snow,” and hence, most of the
country’s snow peak are in this region. The High Himalaya
region has very small plain areas along the major rivers
where agricultural land and major settlements are located.
The region has Precambrian to Eocene gneisses, limestones,
schists, and granites, along with shales. Over 86% of the
region has bedrock at or near its surface. The region con-
stitutes about 23.7% land area of the country.

7.3 Climate of Nepal

Though small, Nepal contains extremely diverse climates,
subtropical to arctic temperature regimes, and arid to
per-humid moisture regimes. High relative relief and pro-
nounced wet and dry monsoon seasons are characteristic
features of the country that can be considered responsible for
the present state of diversity in ecosystem, flora, and fauna.

Temperature: The temperature decreases as elevation
increases in Nepal. With each 200 m gain in elevation, the
temperature drops by 1 °C. Over 90 percent of the variation
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in mean annual temperature for all weather stations can be
explained by elevation alone (Table 7.1).

May to June are the hottest months and January and
February are the coldest months in Nepal. Absolute maximum
and minimum temperatures range approximately 15 °C above
and below the mean annual temperature for any station.

Soil Temperature: Data on soil temperature are rarely
available in Nepal. Mean annual soil temperature is esti-
mated as mean annual air temperature plus 1 °C based on the
assumption that soil warms up before and cools off later than
the air temperature immediately above (Table 7.2).

Precipitation: Eastern monsoons originating from the Bay of
Bengal have a marked influence on climate of Nepal. The
monsoon season generally begins in the last week of May
and ends between the last week of September and the first
week of October, during which about 85% of the country’s
total annual rainfall occurs. About 10% of the rainfall occurs
during the pre-monsoon months of March to May. Since the
monsoons originate from the east, eastern Nepal has a longer
monsoon season than the western Nepal; hence, eastern
Nepal receives more rain, which has a marked influence on
both the soil and agricultural production. A small amount of
rainfall is also received during the winter season. Known as
west monsoons, these storms originate in the Mediterranean
Sea, and winter rains are active more in the west than in the
east. Total measured annual precipitation ranges from less
than 300 to 5,000+ mm. There exists major seasonal as well
as local variation in precipitation. The orientation of the
mountain range seems to have a remarkable influence on the
distribution of rainfall. For example, the Nepalgunj area
located at the southern border with India receives about
1,200 mm rainfall annually, while Chisapani, which is
located about 20 km north at the foothill of Siwalik, receives
about 2,200 mm rainfall. Such variations are quite common
throughout the country. Some of the high mountain valleys
by virtue of being located at the rain shadow receive even
less rainfall annually (annual precipitation < 300 mm).

7.4 Early Work in Soil Classification and
Mapping

The local system of soil classification is an important and
easy to understand tool that could be applied for improve-
ment. It does not encompass all soil types found in the
country and is not sufficient for explaining variations. Soil is
classified differently in different regions of Nepal, and soil
color and clay content-based soil classification is widely
used (Tables 7.3 and 7.4).
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Table 7.1 Relationship between
elevation, climate zone, and
temperature

Elevation, m
<1000
1000 to 2000
2000 to 3000
3000 to 4500
>4500
Source LRMP (1986)

Table 7.2 Relationship between
soil temperature regime and
elevation

Elevation range, m
<800
800-2200
2200-3600
3600-5200
>5200
Source LRMP (1986)

Table 7.3 Local soil
classification based on color that
indicates soil productivity (Shah

Local terminology

Kalo mato (Black soil)

Mean annual air temperature, °C
20 to 25

15 to 20

10 to 15

3to 10

<3

Mean annual soil temperature, °C
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Climate zone
Subtropical
Warm temperate
Cool temperate
Sub-alpine, alpine

Arctic like

Soil temperature regime

>22 Hyperthermic
15-22 Thermic
8-15 Mesic
0-8 Cryic
<0 Pergelic
Soil Colour Levels of soil fertility

Black soil to very black soils High to very high fertile

1995) Rato mato (Red soil) Dark brown to reddish brown Moderate to high fertile
Kamero mato (White soil) Pinkish white, light gray Low fertile
Fusro mato (Gray soil) Very dark grayish and gray Marginal
Table 7.4 Local terminology Class Soil classification local term used Major properties Remarks
used to classify soils by farmers
based on clay content (Shah 1 Chimte High clay content 35-45% clay content
1995) 2 Dumat Loam Approximately 20% clay
3 Balute Less than 10% clay Coarse, rough feeling
4 Pango Silty 70% silt content, 20% clay
7.4.1 Soil Survey Work Soil surveys with the following scale is carried out in

Bidur Kumar Thapa initiated survey work and travelled
across the Kavre and Dolakha districts collecting soil sam-
ples. M.L. Pradhan is the first agriculturist who dug a soil
profile in Nepal and led a soil survey team. Several agri-
culture projects such as the UNDP/FAO UNDP cotton
development project conducted soil surveys of the Tarai
district, including the Sunsari, Saptari, Jhapa, Palpa, Kan-
chanpur, and Kailali districts. Comprehensive work on soil
classification was completed in 1986 under the Land
Resource Mapping Project (LRMP). The Soil Science
Division (SSD) of the Nepal Agricultural Research Council
supported soil survey work under LRMP. The project is
multidisciplinary and includes the mapping of all land
resources according to soil type and land capability.

Nepal:

1. General reconnaissance, or exploration type surveys:
These surveys are carried out to identify potential areas
and extensive work at provincial level as they occupy
five to six districts. The scale of mapping is 1:1,000,000
for regional-/provincial-level planning.

2. Semi-detailed surveys: These surveys are carried out for
district-level planning. The scale of soil mapping used in
these surveys is 1:50,000 or 1:125,000. Medium intensity
of sampling or checking is required.

3. Detailed survey: These surveys are conducted with a
1:10,000 scale. The target area includes irrigation pro-
jects and watershed studies, usually with high-intensity
soil sampling. National land use planning projects use
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this scale to determine the local scale of land suitability
for the entirety of Nepal.

7.5 Soil Mapping and Classification System
in Nepal

Soils of Nepal are described according to different geomor-
phic mapping units within each physiographic region. A soil
map has been prepared based on the SOTER database and the
Land Systems Report of the Land Resources Mapping Project
(LRMP 1986). This report gives extensive and widely cov-
ered soil information for Nepal, and hence, the information
from this report has been extensively used in preparing this
text. Soils have been classified per the USDA soil taxonomy.
Since the time of the project, significant modifications and
revisions have been made in the USDA soil taxonomys;
however, the soil map and descriptions follow the same sys-
tem. A few examples applicable to Nepal’s context are stated
here. The most widely found soil in the alluvial plains of
Nepal is the Haplaquepts great group of the Aeric and Typic
subgroups. However, in the revised taxonomy, there is no
Haplaquepts. The presently used term Endoaquepts seems to
resemble Haplaquepts. Similarly, while Dystrochrepts and
Ustochrepts soils are found extensively in Nepal, in the
revised version of the USDA Soil taxonomy, there is no
Ochrepts suborder. The present-day soil taxonomic suborders
Udepts and Ustepts resemble Ochrepts. In this present text,
references have also been taken from recent soil studies
conducted by the National Land Use project (NLUP 2020) of
the Survey department of the government of Nepal. In these
reports, recent revisions have been considered. As a result, the
Endoaqupts of both aeric and typic subgroups and Haplus-
tepts and Dystrudepts and Eutrudepts are extensively descri-
bed in place of Haplaquepts, Ustochrepts, Dystrochrepts, and
Eutrochrepts. Profile descriptions of some dominant soils of
Nepal have been given. Those taken from the LRMP (1986)
reports show the older version while those taken from the
NLUP (2020) show the revised system as discussed above.

The soils of Nepal are also classified according to the
World Reference Base (WRB) soil classification system
(Vaidya and Sah 2014). Here, we will describe soils found in
different land systems within each physiographic region
using both USDA (Fig. 7.2) and WRB (2007) classification
systems.

7.5.1 Land System Units and Soil Types

7.5.1.1 Tarai
Active alluvial plains: These lowest level plains in the Tarai
cover about 1.6% of the total land area of Nepal, including

S. N. Vaidya et al.

the present river channels. The areas are annually flooded,
with a slope gradient less than one degree. Depending on the
proximity to the river and the position, different land types
occur, and this land has marked influence on the occurrence
of floods and the nature of alluvial deposits.

Soil Types (USDA): Ustifluvents, Fluvaquents, and Usto-
chrepts, which are at certain places calcareous, are the major
soils occurring in this unit, with some Psamments adjacent to
rivers and Fluventic Haplaquepts at the higher positions
commonly found in this region.

Soil Types (WRB): Calcaric Fluvisol followed by some
Gleyic Fluvisols and Eutric Cambisols are commonly found
in this region.

Recent alluvial plains (Lower Piedmont plains): This
intermediate-level alluvial plains of the Tarai covers about
7.9% of the total land area of Nepal. The area is plain, with a
slope gradient of less than one degree. Within this inter-
mediate level of plains, slight variations in land positions are
also found.

Soil Types (USDA): Except for the land occurring at higher
positions where moderately well-drained Ustochrepts and
some Haplustolls occur, almost all areas have poorly drained
Haplaquepts of typic subgroups in the depressional land and
imperfectly drained Haplaquepts of the aeric subgroup
occurring in the rest of the plains.

Soil Types (WRB): Eutric Gleysols, Eutric Cambisols, and
some minor Haplic Phaezome soils are found in this land
unit.

Upper piedmont Plains: Located near the Siwaliks hills, the
highest-level plains in Tarai (upper piedmont plains) covers
about 4.9% of the total land area of Nepal.Made up of an
alluvial fan and apron complex, the area has high relative
relief with increasing slopes.

Soil Types (USDA): Rapid to well-drained Haplustolls,
Dystrochrepts, and Ustochrepts are the major soils occurring
on the highest-level plains of Tarai.

Soil Types (WRB): Phaezomes (Calcaric and Haplic) and
Cambisols (dystric and Eutric) are commonly found soils in
this land unit.

7.5.1.2 Siwaliks
Active and recent alluvial plains: The active and recent

alluvial plains including the river channels and sandbars of
the Siwaliks covers about 1.01% of the total land area of the
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Fig. 7.2 Soil map of Nepal based on the United States Department of Agriculture classification system

country. As in the Tarai region, variations occur in land type
based on proximity to the rivers and position. The lower-
and intermediate-level plains are subject to annual flooding,
whereas the higher-level plains are generally removed from
frequent flooding events.

Soil Types (USDA): Ustifluvents, Fluvaquents, and Usto-
chrepts are the major soils found in the region, with some
Haplaquepts and Ustochrepts.

Soil Types (WRB): Fluvisols (Calcaric and Gleyic), with
some Eutric Cambisols and Eutric Gleysols are found in this
land unit.

Fans, aprons, and ancient river terraces: The ancient river
terraces, including fans and aprons, of this physiographic
region cover about 2.2% of the total land area of the country.
It consists of nearly plain land to gently sloping land with
about 5° slope.

Soil Types (USDA): Moderately well- to well-drained Rho-
dustalfs, Dystrochrepts, and Haplustolls are the major soils
occurring in these areas.

Soil Types (WRB): Rhodic Alisols, Phaeozems (Haplic and
Luvic), and Eutric Cambisols.

Depositional basins: The depositional basins of this phys-
iographic region cover about 0.37% of the total land area of
the country. They consist of almost level plains, with some
depressional to some gently rolling areas.

Soil Types (USDA): Haplaquepts and Ustochrepts are the
major soils found in the region, with some areas consisting
of Haplustalfs.

Soil Types (WRB): Eutric Gleysols and Eutric Cambisols,
with some Humic Acrisols, are commonly found in the
region.
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Moderately to very steeply sloping hilly and mountainous
terrains: The hilly and mountainous terrain of this physio-
graphic region covers about 9% of the total land area of the
country. Major areas are very steep with more than 30° slope
with minor areas of about 15 to 20° slopes. This hilly and
mountainous terrain is made up mainly of poorly consoli-
dated sandstones and mudstones with some conglomerates.

Soil Types (USDA): The soils found in this region are well-
to rapidly drained Typic and Anthropic subgroups of Usto-
chrepts and Dystrochrepts in the moderately steep slopes,
and Lithic subgroups of Ustochrepts and Dystrochrepts in
the steep to very steep slopes.

Soil Types (WRB): Cambisols (Chromic and Dystric) and
Dystric Regosols are commonly found soils in the region.

7.5.1.3 Middle Mountains

Alluvial plains and fans: Made up mainly of active and
recent alluvium, the almost level plain (generally less than 5°
slope) areas lying in proximity to the major rivers, including
the river channels, cover about 0.7% of the total land area of
the country. Areas near the rivers are prone to frequent
flooding during monsoon season. Apart from the Kathmandu
valley, which has a warm temperate climate, the remainder
of the areas in this unit generally have a subtropical hot
climate.

Soil Types (USDA): As in the Tarai and Siwaliks, soils lying
near the rivers are well-drained Psamments, Ustifluvents,
and Fluvaquents, while those lying in a slightly higher ele-
vation are Ustochrepts/Haplustepts with minor Haplustalfs.

Soil Types (WRB): Fluvisols (Gleyic and Eutric) and Cam-
bisols (Eutric and Dystric), and minor Gleyic Luvisols are
found in this region.

Ancient lake and river terraces: Made up mainly of older
alluvium, these almost level second-level terraces cover
about 0.8% of the total land area of the country. Parts of the
area are dissected. Areas lying within the Kathmandu valley
have a warm temperate climate.

Soil Types (USDA): Moderate- to well-drained Haplustalfs,
Rhodustalfs, and Haplustepts are the major soils occurring in
these areas.

Soil Types (WRB): Luvisols (Chromic and Rhodic), in
association with Haplic Cambisols, are commonly found
soils in these areas.

S. N. Vaidya et al.

Moderately to very steeply sloping mountainous terrain:
This area includes moderate to very steeply sloping moun-
tainous terrain from about 15 to more than 30° slope. Human
settlements occur on moderate slopes with about 15 to 25°
slope. Cultivation in such areas is conducted either in the
sloping terraces or on level terraces. The sloping terraces
generally have maize-based cropping patterns while the level
terraces are generally used for rice-based cropping patterns.
With the increase in slope, terrace risers become greater and
terrace widths become narrower. The steeper slopes gener-
ally have forest land use with varying forest species
depending upon the elevation.

Soil Types (USDA): The moderately sloping terrains gener-
ally have well-drained Haplustepts and Haplumbrepts of the
typic, rhodic, and anthropic subgroups of soil. The steeper
slopes generally have Haplustepts, Haplumbrepts, and
Ustorthents of the lithic subgroup of soil.

Soil Types (WRB): Cambisols (Eutric and Dystric), Umbri-
sols (Haplic and Rhodic), Leptic Regosols, Leptic Cam-
bisols, and Haplic Arenosols are commonly found soils in
this region.

7.5.1.4 High Mountain

Alluvial plains, fans: These almost level alluvial plains in
the High Mountain physiographic region cover about 0.2%
of the total land area of the country. The climate is warm to
cool temperate.

Soil Types (USDA): Soils with well- to moderately
well-drained Eutrochrepts and Dystrochrepts (Haplustepts,
Hapludepts), with some minor Ustifluvents, are found in this
region.

Soil Types (WRB): Cambisols (Eutric, Gleyic, and Dystric)
and Fluvisols (Haplic and Eutric) are commonly found soils
in the region.

Post-glaciated mountainous terrain below the upper limit
of arable agriculture: About 3500 m above mean sea level
has been considered the upper limit for arable agriculture.
Comprised of moderate to steep sloping mountainous terrain
(generally less than 30° slope) below this upper limit, this
area covers about 10% of the total land area of the country.
Cultivation generally occurs on the sloping terraces. The
climate is generally warm to cool temperate.

Soil Types (USDA): Soils with well- to moderately well-
drained Eutrochrepts, Dystrochrepts, and Haplumbrepts of
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the anthropic and typic subgroups and the lithic subgroup on
the steeper slopes are found in this region.

Soil Types (WRB): Cambisols (Eutric and Dystric), Leptic
Cambisols, Leptic Regosols (RGle), and Humic Umbrisols
are commonly found in this region.

Post-glaciated mountainous terrain above the upper limit
of arable agriculture: Comprised of steep to very steeply
sloping mountainous terrain (generally more than 35° slope)
above the upper limit of arable agriculture, this region covers
about 9.4% of the total land area of the country. The climate
is generally subalpine to alpine.

Soil Types (USDA): Soils with well- to moderately
well-drained typic and lithic subgroups of Haplumbrepts,
Cryumbrepts, and Cryorthents are found in this region.

Soil Types (WRB): Umbrisols (Haplic, Cryic, and Leptic)
and Arenosols (Cryic and Leptic) are commonly found soils
in this region. However, in steeply to very steeply sloping
mountainous terrain, mostly in rock land, several areas are
covered with Leptic Regosols (RGle).

7.5.1.5 High Himalaya

Glacio alluvial, colluvial, and morainal depositional sur-
Jaces: Covering about 3.2% of the total land area of the
country, these areas have very high relief with minor gently
sloping to steeply sloping lands.

Soil Types (USDA): Soils with well- to imperfectly drained
Cryumbrept and Cryorthents are the major soils occurring in
these areas. Some Typic Calciorthids are also found in this
region.

Soil Types (WRB): Umbrisols (Cryic and Leptic), Regosols
(Cryic and Leptic), and Podzols (Cryic and Calcaric) are
commonly found in this region.

Steeply to very steeply sloping mountainous terrain:
Covering about 2% of the total land area of the country,
these areas are very steep, with shallow till colluviums over
bedrock.

Soil Types (USDA): Soils with well-drained fragmental
loamy lithic Cryumprepts and Cryorthents are the major
soils, with very minor Typic Cryorthods found in this region.

Soil Types (WRB): Umbrisols (Cryic and Leptic), Cryic
Regosols, and Cryic Podzols are commonly found in this
region.
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Rocky land: Covering about 18.5% of the total land area of
the country, this very steep mountainous terrain constitutes
hard rock with no surficial material. They remain
snow-covered most of the time.
7.6 Description of Some Typical Soil Profiles
7.6.1 Tarai

Typic Ustifluvents

Location: 1 km west of Fatepur Banke.

Horizon | Depth, Description
cm
Cl1 0 to 30 Light olive brown (2.5Y5/4) silt loam; single
grain, loose: common fine roots;
inter-bedding of silts and very fine sand
throughout; abrupt and smooth boundary to
c2 30 to Light yellowish brown (2.5Y6/4) loamy fine
120+ sand; single grained; loose; few fine roots, no

stones, pH 8.1
Source LRMP (1986)

Typic Haplaquepts

Location: 1 km north of Nepalgunj Airport, Banke.

Horizon  Depth, Description
cm
Apg 0to 10 Light brownish gray (2.5Y6/2); many fine distinct
strong brown mottles; silty clay loam; coarse
subangular blocky; very hard, many fine roots; pH 7;
abrupt smooth boundary to
Bpan 10 to 15  Light brownish gray (2.5Y6/2); many fine distinct
strong brown mottles; silty clay loam; massive (platey);
very hard; few fine roots; pH 7.7; clear smooth
boundary to
Bg 15 to 35  Very dark grayish brown (10YR4/2); common fine faint
dark yellowish brown mottles; silty clay loam; strong
medium subangular blocky; very firm; few fine roots;
pH 8.0; gradual smooth boundary to
BCg 35to 75 | Light olive brown (2.5Y5/4); common fine distinct red
mottles; silty clay loam; weak medium subangular
blocky; very firm; few fine roots; pH 7.6; clear smooth
boundary to
Cgl 75 to Olive (5Y5/3); common prominent red mottles; silty
120 clay loam; massive; very firm; pH 7.8; slight reaction
with HCI;
Cg2 120 to Light yellowish brown (2.5Y6/4); common fine
175+ prominent red mottles; silty clay loam; massive very

firm pH 8; moderate reaction with HCI

Source LRMP (1986)
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Typic Ustochrepts

Typic Dystrochrepts

S. N. Vaidya et al.

Location: Suklaphanta reserve forest, Kanchanpur 180 m Location: 2 km north of Anarmani birta, Jhapa.

asl.

Horizon

Ah

Bm

Bc

C

Source LRMP (1986)

Epiaquic Eutrudepts

Depth, cm
0to 22

22 to 50

50 to 120

120 to 150

Description

Very dark grayish brown (10YR3/2); fine
sandy loam; weak medium granular;
friable, common fine roots; pH 7.7;
gradual smooth boundary to

Dark grayish brown (10YR3/2); fine
sandy loam; weak medium subangular
blocky; friable; common fine roots; pH
7.4; clear smooth boundary to

Brown (10YR4/3); loamy fine sand;
single grain; loose; pH 7.8; clear smooth
boundary to

Brown(10YR4/3); fine sand; single grain;
loose; pH 8.3

Location: Nidiahawa, Rupandehi 93 m asl.

Horizon

Ap

AB

Bl1l

B12

Depth,
cm

0Oto 15

15 to 40

40 to 60

60 to 100

Description

Dark grayish brown (2.5Y4/2); silt loam;
moderate fine and medium subangular
blocky; firm, plastic, sticky; many fine
roots; pH 6.4; clear smooth boundary to

Dark grayish brown (2.5Y4/2); common
fine faint strong brown mottles; silty clay
loam; medium fine subangular blocky;
friable; sticky, plastic; pH 7.4; clear
smooth boundary to

Light olive brown (2.5Y5/4); many
medium prominent strong brown mottles;
silty clay loam; weak fine subangular
blockys; friable, sticky, slightly plastic; pH
7.3; clear smooth boundary to

Light olive brown (2.5Y5/4); many fine
distinct strong brown mottles; silty clay
loam; weak fine subangular blocky;
friable, sticky, slightly plastic; pH 7.2

Source National Land Use Project (2017)

Horizon

Ap

AB

Bij

BC

C

Source LRMP (1986)

Depth,
cm

0to 10

10 to 15

15 to 40

40 to 85

85 to 150

+

Typic Haplustolls

Location: Near Babai

Horizon

Ah

Bm

BCl1

BC2

Source LRMP (1986)

Depth,
cm

0to 15

15 to 40

40 to 65

65 to 95

95 to 150

Description

Dark grayish brown (10YR3/2); sandy
loam; strong medium; firm; slightly sticky;
slightly plastic; pH 5.3; clear smooth
boundary to

Very dark grayish brown (10YR4/2);
sandy loam; strong medium subangular
blocky; firm; slightly sticky, slightly
plastic; pH 5.3; clear smooth boundary to

Very dark grayish brown (10YR3/2);
sandy loam; strong medium subangular
blocky; firm; slightly sticky, slightly
plastic; pH 5.4; clear smooth boundary to

Dark grayish brown (10YR4/2); loamy
sand; moderate medium subangular
blocky; loose; non-sticky, non-plastic; pH
5.3; clear smooth boundary to

Dark brown(10YR4/3); sand; single grain;
loose; pH 5.53

river, 190 m asl.
Description

Dark gray (10YR4/1); silt loam; moderate
medium granular; friable; many fine and
medium roots; pH 7.5; clear smooth
boundary to

Dark brown (10YR3/3); silt loam; weak
medium subangular blocky; slightly firm;
common medium roots; pH 7.12; clear
smooth boundary to

Brown (10YR4/3); loam; weak medium
subangular blocky; slightly firm; few
coarse roots; pH 7; clear smooth boundary
to

Brown (10YR5/2); loam; massive; slightly
firm; pH 6.8; clear smooth boundary to

Yellowish brown (10YRS5/5); very fine
sandy loam; massive; slightly firm; few
coarse roots; pH 6.8
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Typic Dystrochrepts

Location: 2 km north of Anarmani birta, Jhapa.

Horizon

Ap

AB

BYj

BC

C

Source LRMP (1986)

Depth,
cm

0 to 10

10 to 15

15 to 40

40 to 85

85 to
150+

Typic Haplustolls

Description

Dark grayish brown (10YR3/2); sandy
loam; strong medium; firm; slightly sticky;
slightly plastic; pH 5.3; clear smooth
boundary to

Very dark grayish brown (10 YR4/2); sandy
loam; strong medium subangular blocky;
firm; slightly sticky, slightly plastic; pH 5.3;
clear smooth boundary to

Very dark grayish brown (10YR3/2); sandy
loam; strong medium subangular blocky;
firm; slightly sticky, slightly plastic; pH 5.4;
clear smooth boundary to

Dark grayish brown (10YR4/2); loamy
sand; moderate medium subangular blocky;
loose; non-sticky, non-plastic; pH 5.3; clear
smooth boundary to

Dark brown (10YR4/3); sand; single grain;
loose; pH 5.5

Location: Near Babai river, 190 m asl.

Horizon

Ah

Bm

BC1

BC2

Source LRMP (1986)

Depth,
cm

0to 15

15 to 40

40 to 65

65 to 95

95 to 150

Description

Dark gray (10YR4/1); silt loam; moderate
medium granular; friable; many fine and
medium roots; pH 7.5; clear smooth
boundary to

Dark brown (10YR3/3); silt loam; weak
medium subangular blocky; slightly firm;
common medium roots; pH 7.1; clear
smooth boundary to

Brown (10YR4/3); loam; weak medium
subangular blocky; slightly firm; few
coarse roots; pH 7; clear smooth boundary
to

Brown (10YR5/2); loam; massive; slightly
firm; pH 6.8; clear smooth boundary to

Yellowish brown (10YRS5/5); very fine
sandy loam; massive; slightly firm; few
coarse roots; pH 6.8

7.6.2 Siwaliks

Udic Rhdustalfs
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Location: 8 km east of Surkhet, Surkhet 660 m asl.

Horizon | Depth,
cm

Ap 0to 10

AB 10 to 40

Bt 40 to
120+

Source LRMP (1986)

Typic Haplustepts

Description

Dark reddish brown (5YR3/4); silty clay
loam; strong medium granular; friable;
common fine roots; pH 6.2; clear smooth
boundary to

Dark reddish brown (2.5YR3/5); clay; weak
fine subangular blocky; friable; common
fine roots; pH 6.5; gradual smooth boundary
to

Dark red (2.5YR3/6); clay; strong medium
subangular blocky; slightly firm; few fine
roots; pH 6.7; clear smooth boundary

Location: Madhyapur Pithuwa, Chitwan, 203 m asl.

Horizon Depth,
cm

Ap 0to 18

AB 18 to 28

Bl 28 to 38

B2 38 to 65

B3 65 to 90
+

Description

Dark grayish brown (2.5Y4/2); common
fine distinct strong brown mottles; loam;
massive; firm; pH 5.6; clear smooth
boundary to

Dark brown (10YR4/3); few fine faint
strong brown mottles; loam; massive; firm;
pH 6.1; clear and smooth boundary to

Dark brown (10YR4/3); silt loam; moderate
subangular blocky; friable; pH 6.1; gradual
and smooth boundary to

Dark yellowish brown (10YR4/4); silt loam;
moderate subangular blocky; friable; pH 7;
gradual and smooth boundary to

Brown (10YRS5/3); loam; weak subangular
blocky; friable; pH 6.8

Source National Land Use Project (2011)
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Udic Haplustalfs

Location: West of Tulsipur, Deukhuri, Dang 700 m asl.

Horizon

Ah

Bt

BC

Source LRMP (1986)

Depth,
cm

0Oto 15

15 to 40

40 to 75

75 to 100

Aridic Haplustalfs

Description

Dark reddish brown (5YR4/3); loam;
strong fine granular; firm; slightly sticky,
non-plastic; many fine roots; pH 5.5;
gradual smooth boundary to

Reddish brown (5YR4/3); loam; strong
fine subangular blocky; firm, slightly
sticky, non-plastic; many fine roots; pH
5.3; gradual smooth boundary to

Reddish brown (5YR4/4); clay loam;
moderate fine subangular blocky; firm,
sticky, slightly plastic; many fine roots; pH
5.2; gradual smooth boundary to

Reddish brown to yellowish red
(5YR4/4-4/6); clay loam; massive; firm,
sticky, slightly plastic; pH 5.2

Location: Rayamajhitole, Pithuwa, Chitwan 198 m asl.

Horizon

Apl

Ap2

Bl

B21

B22

Depth, cm
0to 11

11 to 28

28 to 42

42 to 131

131 to 143

Description

Brown (10YR4/3); common fine distinct
strong brown mottles; loam; massive;
firm; pH 5.5; clear and smooth boundary
to

Dark brown (10YR3/3); loam; massive;
firm; pH 7.1; clear and smooth boundary
to

Yellowish brown (10YR5/4); loam;
moderate subangular blocky; firm; pH
7.1; gradual and smooth boundary to

Strong brown (7.5YRS5/6); loam;
moderate subangular blocky; firm; pH
6.9; clear and smooth boundary to

Yellowish red (5YR4/6); clay loam;
moderate/strong subangular blocky; very
firm

Source National Land Use Project (2011)

Oxyaquic Haplustepts

S. N. Vaidya et al.

Location: Dhamala tole, Pithuwa, Chitwan 199 m asl.

Horizon Depth, cm
Apl 0to 10
Ap2 10 to 20
BI1 20 to 69
B12 69 to 94+
B22 131 to 143

Description

Olive brown (2.5Y4/4); loam; massive;
firm; pH 6.0; clear and smooth boundary
to

Olive brown (2.5Y4/4); common fine
distinct strong brown mottles; silt loam;
massive; firm; pH 6.3; gradual and
smooth boundary to

Dark yellowish brown (10YR4/4); silt
loam; moderate subangular blocky; firm;
pH 6.6; gradual and smooth boundary to

Dark brown (7.5YR5/6); loam; moderate
subangular blocky; firm; pH 6.9; clear
and smooth boundary to

Yellowish red (5YR4/4); silt loam;
moderate/strong subangular blocky;
friable

Source National Land Use Project (2011)

Epiaquic Haplustepts

Location: Panitanki danda, Dumkibas, Nawalparasi 182 m

Description

Olive brown (2.5Y4/4); few fine faint strong

brown mottles; sandy clay loam; moderate
subangular blocky; firm; slightly sticky, slightly
plastic; pH 7.3; clear and smooth boundary to

Dark brown (10YR3/3); sandy loam; moderate

fine and medium subangular blocky; friable;
slightly sticky, slightly plastic; pH 6.8; clear
and smooth boundary to

Dark brown (10YR3/3); sandy loam; moderate

fine and medium subangular blocky; friable;
slightly sticky, slightly plastic; pH 6.7 gradual
and smooth boundary to

asl.

Horizon ' Depth,
cm

Ap 0to 19

Bl1 19 to 38

B12 38 to 50

B3 50 to 62

Brown (10YR5/3); sandy loam; weak

subangular blocky; friable; pH 6.7

Source National Land Use Project (2012)
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7.6.3 Middle Mountain
Typic Rhodustalfs

Location: Pakalwa Tansen, Palpa 734 m asl.

Horizon  Depth, Description
cm
Ap 0 to 28 Strong brown (7.5YR5/6); silt loam; weak

fine medium subangular blocky; firm; slightly
sticky, slightly plastic; very few fine roots; pH
6.6; clear and smooth boundary to

B21t 28 to 70  Yellowish red (SYRS5/6); silty clay loam;
moderate medium subangular blocky; very
firm; sticky, plastic; pH 6.9; clear and wavy
boundary to

B22t 70 to 100 | Reddish brown (5YR4/4); silty clay loam;
moderate fine and medium subangular blocky;
friable; sticky, plastic; about 25% gravel
coarse fragments; pH 6.9

Source National Land Use Project (2018)

Aquic Hapludalfs

Location: Arkhale, Tansen, Palpa 700 m asl.

Horizon | Depth, Description
cm
Ap 0to 11 Very pale brown (10YR7/4); loam; weak fine

medium subangular blocky; very hard; sticky,
plastic; few fine roots; about 10% gravel
coarse fragments; pH 6.7; clear and smooth
boundary to

B21t 11 to 22 Brown(7.5YRS5/6); silty clay loam; moderate
fine and medium subangular blocky; firm;
sticky, plastic; pH 6.9; clear and wavy
boundary to

B22t 22 to 59  Strong brown (7.5YRS5/6); silty clay loam;
moderate medium subangular blocky; friable;

sticky, plastic; about 25% gravel coarse
fragments; pH 6.9

B3 59 to 100 | Dark brown (7.5YR3/4); silt loam; weak fine
and medium subangular blocky; friable;
slightly sticky, slightly plastic; about 60%
gravel coarse fragments; pH 6.9

Source National Land Use Project (2018)
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Anthropic Dystrochrepts

Location: Madhi, Achham, 610 m asl.

Horizon = Depth, cm  Description

Ah

AB

BC

R

0to 10

10 to 50

50 to 100

Brown (10YR4/3); loam; moderate medium
subangular blocky; firm; common fine roots;
15% gravel and stones; pH 5; clear smooth
boundary to

Brown (10YR4/3); loam; moderate medium
subangular blocky; firm; common fine roots;
pH 5; 15% gravel and stones; clear and
smooth boundary to

Dark yellowish brown (10YR4/4); loam;
moderate fine subangular blocky; firm, pH 5;
gradual smooth boundary to

100 to 170 | Strong brown (7.5YR4/4/6); clay loam;

170+

massive; slightly firm; pH 5.2; abrupt and
smooth boundary to

Rock and saprolitic materials

Source LRMP (1986)

Paralithic Ustorthents

Location: Chechikot, Tansen, Palpa 1420 m asl.

Horizon ' Depth,

Ap

R layer

cm

0to 15

15 to 30

30+

Description

Brownish yellow (10YR4/3); loam; weak fine
subangular blocky; very friable; many very fine
roots; 5% gravel and stones; pH 6.9; abrupt
smooth boundary to

Yellowish brown (10YR5/6); sandy loam;
weak fine subangular blocky and granular; very
friable; very fine roots; slightly sticky and
slightly plastic; pH 6.6; 10% gravel and stones

Rock and saprolitic materials

Source National Land Use Project (2018)

Typic Haplustepts

Location: Srinagar danda, Tansen, Palpa 1408 m asl.

Horizon

Ah

BI1

B12

Depth,
cm

0to 10

10 to 62

62 to 100

Description

Dark grayish brown(10YR4/2); loam; weak fine
granular; loose; slightly sticky, slightly plastic; many
very fine roots; 5% gravel and stones; pH 6.8; gradual
and irregular boundary to

Dark brown (10YR4/3); silt loam; weak fine granular;
loose; very fine roots in common; pH 5; 15% gravel
and stones; gradual and irregular boundary to

Dark brown (10YR4/3); silt loam; weak fine granular;
loose; about 10% gravel coarse fragments; few very
fine roots; pH 5.2 gradual smooth boundary

Source National Land Use Project (2018)
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7.6.4 High Mountain Anthropic Cumulic Haplumbrepts

Arenic Fluvaquents Location: Bhero, Bajhang; 2300 m asl.

Location: Bharagaun, Chandannath, Jumla 2349 m asl. Horizon | Depth, Description
cm
Horizon  Depth, Description Ap 0to 14 Grayish br.own (10YRS5/2); rubbly l(?am;
cm weak medium subangular blocky; friable;
many fine roots; 15% stones; pH 5.8; clear
Al 0 to 20 Very dark grayish brown (10YR3/2); loamy smooth boundary to
sand; weak fine crumb; loose; non-sticky, -
non-plastic; abundant fine roots; 1% gravel Bm 14 to 42 Yellowish brown (10YR5/4); rubt?ly loam;
and stones; pH 5.7; gradual and irregular weak coarse subangular blocky; friable; few
boundary to fine roots; pH 5; 20% stones; clear and
smooth boundary to
Cl1 20 to 37 | Very dark grayish brown (10 YR3/2); loamy
sand; weak fine crumb; loose; non-sticky, Ila . 42 to 64 Brown (10YR4/3); rubbly. loam; moderate
non-plastic; common fine roots; pH 7.4; burried fine subangular .blocky; friable: 40% stones;
abrupt and smooth boundary to pH 5.5.; abrupt irregular boundary to
colluvial boulders
C2 37to 60 | Very dark grayish brown (10YR3/2); loamy
sand; weak fine crumb; loose; non-sticky, Source LRMP (1986)
non-plastic; common fine roots; pH 7.4;
abrupt and smooth boundary to Typic Haplustepts
60+ Water level

Source Department of Survey,

Land Management Division (2020)

Horizon | Depth, Description
Humic Eutrudepts cm
Ap 0 to 20 Brown (10YRA4/3); sandy loam; moderate
Location: Gaurigaun, Chandannath, Jumla 2344 m asl. fine medium subangular blocky; friable;
many fine roots; slightly sticky and slightly
- — plastic; 15% stones; pH 5.8; clear smooth
Horizon  Depth, Description boundary to
e Bm 14 to 42 Yellowish brown (10YR5/4); rubbly loam;
Ap 0to 30 Very dark grayish brown (10YR3/2); sandy weak coarse subangular blocky; friable; few
loam; weak fine granular; loose; very fine roots; pH 5; 20% stones; clear and
friable; non-sticky, non-plastic; many fine smooth boundary to
roots; 30% gravel and stones; pH 5.1; clear
and irregular boundary to Ila 42 to 64 Brown (10YR4/3); rubbly loam; moderate
burried fine subangular blocky; friable: 40% stones;
B 30 to 57 | Dark grayish brown (10 YR4/2); sandy pH 5.5; abrupt irregular boundary to
loam; weak fine subangular blocky and colluvial boulders
granular; very friable; non-sticky,
non-plastic; few fine roots; pH 7.1; clearand ~ Source Department of Survey, Topographic Survey and
smooth boundary to Land Management Division (2020)
C2 57 to 68  Dark grayish brown (10YR4/2); loamy
sand; weak fine subangular, granular; very
friable; non-sticky, non-plastic; very few
fine roots; pH 7.2; abrupt and smooth
boundary to
68+ Stones and gravel

Source Department of Survey, Topographic Survey and

Land Management Division (2020)

Topographic Survey and Location: Lamasima, Chandannath, Jumla 2790 m asl.
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Lithic Cryumbrepts Typic Calciorthids
Location: 4 km south west of Bumra, Jumla 3700 m asl. Location: 1 km south of Tungbe village, Mustang 3000 m
asl.
Horizon  Depth, cm Description
Ah 0to 16 Dark brown (10YR3/3); silty clay loam; Horizon | Depth, Description
moderate medium granular; friable; many cm

medium and fine roots; pH 5.1; smooth
boundary to Dark brown (10YR4/3); silty
clay loam; weak fine subangular blocky;
friable; common fine roots; pH 5.1;

- 0Oto7 Stone pavement olive brown (2.5Y5/4); fine
sandy loam; single grain; loose; non-sticky,
non-plastic wet; 60% stone gravel, pH 8

irregular gradual boundary to AC

Bm 16 to 27 Olive brown (2.5Y5/4); fine sandy loam; C 71040  Light brownish gray (2.5Y6/2); gravelly
massive friable; few fine roots; pH 6; + loam; single grain; loose, non-sticky,
irregular abrupt boundary to non-plastic, 65% stone gravel; pH 8

C 27 to 45 Saprolite/bedrock Source LRMP (1986)

S 45 to 70+

Source LRMP (1986) 7.6.5 High Himalaya

Humic Cryustepts Typic Cryorthods

Location: Futa, Chandannath, Jumla 3984 m asl. Location: 1 km north of Tengboche village, Solukhumbu

Horizon | Depth, Description 3700 m asl.
cm
Al 0 to 30 Dark brown (10YR3/3); sandy loam; Horizon | Depth, Description
moderate fine subangular blocky and cm
crumby; very friable; slightly sticky, Ahe 0Oto8 Very dark gray (7.5YR3/0); silt loam;

slightly plastic; common fine roots; pH 4.2;
clear and smooth boundary to

Bl11 30 to 52 Dark brown (10YR3/3); sandy loam; Ae 8 to 18
moderate fine subangular blocky and
crumby; friable; slightly sticky, slightly

plastic; common fine roots; pH 5.6; abrupt
and smooth gradual boundary to Bfh 18 to 45 Yellowish red (5YR4/6); sandy loam; weak

medium angular blocky; medium and coarse
roots; 20% stone gravel; pH 4.9; gradual
smooth boundary to

angular blocky (frozen); very hard; few fine
roots; pH 4.7; abrupt smooth boundary to

Pinkish gray (7.5YR7/2); loam; platy

(frozen); very hard; few fine roots; pH 7.7;
clear irregular boundary to

B12 57 to 100  Dark yellowish brown (10YR4/4); sandy
loam; moderate fine subangular blocky and
crumby; friable; slightly sticky, slightly

plastic; few fine roots; pH 5.8 BC 45t0 70  Yellowish r.ed (SYR.5/8); rubbly sandy
loam; massive; medium and coarse roots;
Source Department of Survey, Topographic Survey and 10% stone and gravel; pH 5.8

Land Management Division (2020) Source LRMP (1986)
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7.7 lllustration of Dominant Soil Types
of Nepal

Soil type: Epiaquic Eutrudepts
Physiographic Region: Tarai
Location: Nidiahawa, Rupandehi
Elevation: 93 m asl

Horizon Depth, Description
cm
Ap 0 tol5 Dark greyish brown (2.5Y4/2); Silt loam; moderate fine and medium subangular blocky; firm, plastic, sticky; many

fine roots; pH 6.4; clear smooth boundary to

AB 15 to 40 Dark grayish brown (2.5Y4/2); common fine faint strong brown mottles; Silty clay loam; medium fine subangular
blockys; friable; sticky, plastic; pH 7.4; clear smooth boundary to

B11 40 to 60 Light olive brown (2.5Y5/4); many medium prominent strong brown mottles; Silty clay loam; weak fine subangular
blockys; friable, sticky, slightly plastic; pH 7.3; clear smooth boundary to

B12 60 to 100 | Light olive brown (2.5Y5/4); many fine distinct strong brown mottles; Silty clay loam; weak fine subangular blocky;
friable, sticky, slightly plastic; pH 7.2

Source National Land Use Project (2011)
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Soil type: Typic Haplustepts
Physiographic Region: Siwaliks
Location: Madhyapur Pithuwa, Chitwan

Elevation: 203 m asl

Horizon

Ap

AB

B1
B2

B3

Depth,
cm

0to 18
18 to 28

28 to 38
38 to 65

65 to 90+

Description

Dark greyish brown (2.5Y4/2); common fine distinct strong brown mottles; Loam; massive; firm; pH 5.6; clear
smooth boundary to

Dark brown (10 YR4/3); few fine faint strong brown mottles; Loam; massive; firm; pH 6.1; clear and smooth
boundary to

Dark brown (10 YR4/3); Silt loam; moderate subangular blocky; friable; pH 6.1; gradual and smooth boundary to

Dark yellowish brown (10 YR4/4); Silt loam; moderate subangular blocky; friable; pH 7.0; gradual and smooth
boundary to

Brown (10 YR5/3); Loam; weak subangular blocky; friable; pH 6.8

Source National Land Use Project (2011)
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Soil type: Aridic Haplustalfs
Physiographic Region: Siwaliks
Location: Rayamajhitole, Pithuwa Chitwan

Elevation: 198 m asl

Horizon
Apl

Ap2
Bl

B21
B22

Depth, cm
Oto 11

11 to 28
28 to 42
42 to 131
131 to 143

Description

Brown (10YR4/3); common fine distinct strong brown mottles; Loam; massive; firm; pH 5.5; clear and smooth
boundary to

Dark brown (10YR3/3); Loam; massive; firm; pH 7.1; clear and smooth boundary to

Yellowish brown (10YRS5/4); Loam; moderate subangular blocky; firm; pH 7.1; gradual and smooth boundary to
Strong brown (7.5YRS5/6); Loam; moderate subangular blocky; firm; pH 6.9; clear and smooth boundary to
Yellowish red (5YR4/6); Clay loam; moderate/strong subangular blocky; very firm

Source National Land Use Project (2011)
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Soil type: Oxyaquic Haplustepts
Physiographic Region: Siwaliks
Location: Dhamala tole, Pithuwa Chitwan

Elevation: 199 m asl

Horizon
Apl
Ap2

B11

BI12
B22

Depth, cm
0to 10
10 to 20

20 to 69

69 to 94+
131 to 143

Description
Olive brown (2.5Y4/4); Loam; massive; firm; pH 6.0; clear and smooth boundary to

Olive brown (2.5Y4/4); common fine distinct strong brown mottles; Silt Loam; massive; firm; pH 6.3; gradual and
smooth boundary to

Dark yellowish brown (10YR4/4); Silt loam; moderate subangular blocky; firm; pH 6.6; gradual and smooth
boundary to

Dark brown (7.5YRS5/6); Loam; moderate subangular blocky; firm; pH 6.9; clear and smooth boundary to
Yellowish red (5YR4/4); Silt loam; moderate/strong subangular blocky; friable

Source National Land Use Project (2011)
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Soil type: Epiaquic Haplustepts

Physiographic Region: Siwaliks

Location: Panitanki danda, Dumkibas Nawalparasi
Elevation: 182 m asl

Horizon

Ap

B11

B12

B3

Depth,
cm

0to 19
19 to 38

38 to 50

50 to 62

Description

Olive brown (2.5Y4/4); few fine faint strong brown mottles; Sandy clay loam; moderate subangular blocky; firm;
slightly sticky, slightly plastic; pH 7.3; clear and smooth boundary to

Dark brown(10YR3/3); Sandy loam; moderate fine and medium subangular blocky; friable; slightly sticky, slightly
plastic; pH 6.8; clear and smooth boundary to

Dark brown (10YR3/3); Sandy loam; moderate fine and medium subangular blocky; friable; slightly sticky, slightly
plastic; pH 6.7 gradual and smooth boundary to

Brown (10YR5/3); Sandy loam; weak subangular blocky; friable; pH 6.7

Source National Land Use Project (2012)
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Soil type: Aquic Hapludalfs
Physiographic Region: Middle Mountain
Location: Arkhale, Tansen, Palpa

Elevation: 700 m asl

Horizon

Ap

B21t

B22t

B3

Depth,
cm

Oto 11
11 to 22

22 to 59

59 to 100

Description

Very pale brown (10YR7/4); Loam; weak fine medium subangular blocky; very hard; sticky, plastic; few fine roots;
about 10% gravels coarse fragments; pH 6.7; clear and smooth boundary to

Brown (7.5YR5/6); Silty clay Loam; moderate Fine and medium subangular blocky; firm: sticky, plastic; pH 6.9;
clear and wavy boundary to

strong brown (7.5YR5/6); Silty clay loam; moderate medium subangular blocky; friable; sticky, plastic; about 25%
gravel coarse fragments; pH 6.9

Dark brown (7.5YR3/4); Silt loam; weak fine and medium subangular blocky; friable; slightly sticky, slightly plastic;
about 60% gravel coarse fragments; pH 6.9

Source National Land Use Project (2018)
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Soil type: Paralithic Ustorthents
Physiographic Region: Middle Mountain
Location: Chechikot, Tansen, Palpa
Elevation: 1420 m asl

Horizon  Depth, Description
cm
Ap 0to 15 Brownish yellow (10YR4/3); Loam; weak fine subangular blocky; very friable; many very fine roots; 5% gravels and

stones; pH 6.9; abrupt smooth boundary to

c 15t0 30 | Yellowish brown (10YR5/6); Sandy Loam; weak fine subangular blocky and granular; very friable; very fine roots;
slightly sticky and slightly plastic; pH 6.6; 10% gravels and stones

R Rock and saprolitic materials

Source National Land Use Project (2018)
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Soil type: Typic Haplustepts
Physiographic Region: Middle Mountain
Location: Srinagar danda,Tansen, Palpa
Elevation: 1408 m asl

Horizon  Depth, Description
cm
Ah 0 to 10 Dark grayish brown (10YR4/2); Loam; weak fine granular; loose; slightly sticky, slightly plastic; many very fine

roots; 5% gravels and stones; pH 6.8; gradual and irregular boundary to

Bl11 10 to 62 Dark brown (10 YR4/3); Silt Loam; weak fine granular; loose; common very fine roots; pH 5.0; 15% gravels and
stones; gradual and irregular boundary to

B12 62 to 100 Dark brown (10 YR4/3); Silt Loam; weak fine granular; loose; about 10% gravel coarse fragments; few very fine
roots; pH 5.2 gradual smooth boundary to

Source National Land Use Project (2018)
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Soil type: Arenic Fluvaquents
Physiographic Region: High Mountain
Location: Bharagaun, Chandannath, Jumla
Elevation: 2349 m asl

Horizon  Depth, Description
cm
Al 0 to 20 Very dark grayish brown (10YR3/2); Loamy sand; weak fine crumb; loose; non-sticky, non-plastic; abundant fine
roots; 1% gravels and stones; pH 5.7; gr