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Foreword by John Dixon

Nepal is a land-locked country of immense diversity, ecologically and
ethnographically. The hills and mountains of the Himalayas dominate the
landscape, so that average altitude exceeds all countries in the world except
nearby Bhutan. A narrow east-west strip of lowland Terai divides the
Nepalese Hills from the Ganges floodplains of India. The dissected landscape
and limited infrastructure are major constraints to, but simultaneously
opportunities for, sustainable development. The remoteness, diversity,
dynamics, and integration of many of the farming and food systems of Nepal
have been a severe challenge to researchers and policy makers for many
decades. The livelihoods of Nepalese farm families are in transition and
depend on four evolving pillars: available natural resources; the management
of interdependent crops, livestock, and forests; linkages to value chains; and
off-farm income from local, regional, or international work. Cereals, espe-
cially rice, wheat, maize, millet, and barley, underpin dietary energy con-
sumption for farmers and city-dwellers alike, increasingly supplemented by
vegetables, milk products, eggs, and meat. Today, livestock—cattle, sheep,
goats, and yaks—plays important roles in human nutrition and cash income.
Their traditional functions as sources of manure for plant nutrition and draft
power for ground preparation, threshing, and transportation are being
replaced by mechanization. Forests provide fuelwood, timber, fodder, leaf
litter, and ecosystem services. The use of external inputs such as seed, fer-
tilizer, feed, and seedlings is low by Asian standards, yet growing as
infrastructure and market systems develop. Farming system productivity is
also lower than many Asian countries, and slow growth is a challenge for
household and national food security. In fact, the national food system has
increasing dependence on cereal imports.

Planners often distinguish three broad farming and food systems in Nepal
—the lowland Terai, the mid-Hills, and the high Mountain systems. Typi-
cally, the lowland Terai systems have larger average farm sizes (although still
small), more irrigation, and better access to input and produce markets,
including the mega-markets of neighboring India—and good potential for
crop intensification and diversification. The Hill farming and food system
features strong crop–livestock–forest linkages and strong social capital which
are both weakening as population pressure grows and market access
improves, especially in districts close to cities or with well-organized value
chains for milk or horticultural produce, e.g., orange. Off-farm income has
grown in importance for rural livelihoods and farm investment. The
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mountain farming system features even stronger population pressure on
limited cultivated land and features a variety of minor food crops, potatoes,
and grazing yaks, cattle, and their crosses. Tourism is an important source of
local income. Both the hill and mountain systems have experienced strong
temporary out-migration in search of remittance income as well as permanent
relocation to urban centers and the Terai—and growing evidence of aban-
donment of marginal cropland.

Due to the confluence of ecological and economic characteristics, Nepal
has a unique rural development experience from which lessons can be drawn
for other small land-locked and mountainous countries around the world.
This book, Agriculture, Natural Resources and Food Security: Lessons from
Nepal is a valuable compendium of rural development knowledge for South
Asia and other developing regions of the world. Each of the 24 chapters takes
a deep dive on one or another component of the farming and food systems of
Nepal. Related to crops, the well-experienced authors document urban
agriculture, agro-biodiversity, soil health, pest and disease management, food
safety, food production, fruits and vegetables, post-harvest management,
citrus production, seed systems, and emerging approaches of conservation
agriculture and regenerative agriculture. In relation to animal production, the
book analyses livestock development, livestock (and land) ownership, fish-
eries, and the emerging one-health approach. The role of forestry is examined
through the drivers–pressures–states–impacts–responses (DPSIR) framework
and the success of community forestry (for which Nepal is famous) leading to
emerging thinking on ecosystem services and selective logging policies. The
pillars of crops, animals, and forests are tied together through the crosscutting
themes of the water–energy–food nexus (as a planning framework),
climate-related crop simulation modeling (as a decision support system tool),
and a final chapter on gender and adaptation to climate variability. Many
of these chapters present analyses of relevant sector and sub-sector trends
which point to a mixture of challenges and successes. As in other countries,
these agricultural dynamics arise from seven drivers and trends associated
with demography, natural resources and climate, knowledge systems and
gender, science and technology, markets and infrastructure, and institutions
and policies. Overall, the book signals an optimistic view of farming and
food systems development in Nepal. In fact, with a recently updated con-
stitution and governance institutions, Nepal looks forward to a vision of
achieving the sustainable development goals by 2030 and graduating from
the least developed country status to a middle-income developing country
soon to create a prosperous and happy Nepal.

Each chapter and the whole book contain development insights in relation
to highly constrained smallholder agriculture which are of immense value to
researchers and policy makers in Nepal and in other countries with similar
situations and farming systems. For example, the successes and challenges
of the Nepalese Hill diversified farming system (termed the South Asian
Highland Farming System by FAO and the World Bank) are directly relevant
to 65 million ha across the South Asian Himalayas from Afghanistan to
Myanmar, as well as similar farming systems in east and southeast Asia,
Africa, and Latin America. The great potential for integrated farming systems
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with effective market access, such as agroforestry systems incorporating
trees, crop, and livestock, is emphasized. In a similar fashion, the insights
from interlinked agricultural and tourism development in the Nepalese
Mountain farming system (termed the South Asian Sparse Farming System)
are valuable for 34 million ha across the South Asia region, as well as the
high mountains of Africa and Latin America. Of course, these highland and
mountain farming systems constitute the water towers which underpin energy
and food production for hundreds of millions of lowland populations in
South Asia and the rest of the world. In conclusion, the analyses of the rural
development experiences in Nepal will be valuable reading for many
researchers and policy makers in emerging economies around the world.

John Dixon FTSE
Adjunct Professor University of Queensland

Visiting Fellow Australian National University
Visiting Professor Gansu Agricultural University

Canberra, Australia

The original version of this book was revised: For detailed information, please see
Correction chapter. The correction to this book is available at https://doi.org/10.1007/978-
3-031-09555-9_25
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Foreword by Bimala Rai Paudyal

Nepal is one of the richest countries in the world in terms of its incredibly
diverse ecology, ecosystems, and biological resources. Human diversity
further makes the country rich in knowledge, skills, and capacities. The
country is strategically located between two large and rapidly growing
economies, namely China and India. However, despite its richness in geo-
graphic, environmental, and socio-cultural diversity, the country remains
economically poor where poverty, food insecurity, and malnutrition have
persisted through time. Agriculture, engaging two-third of labor force, is
virtually stagnated with growth rate remaining less than 3% for the past three
decades. Its share to the economy is constantly decreasing from 66% in 1970
to 33% in 2010 and 23% in 2020. While food security in Nepal has improved
in recent years, the improvement is linked, not to the agriculture production
but, to the rapidly growing remittances from overseas migration. About 4.6
million people are still food-insecure, and nearly, half of all children below
the age of five are malnourished in the country. Why is there such a wide gap
between the potentials and realities?

With the growing realization that food security is intrinsically linked to
human and national security, especially in the context of climate crises and
geo-political dimensions, recent years have witnessed increasing interest and
investment in Nepal from all corners, especially toward innovations, mod-
ernization, and expansion of domestic markets in agriculture. The rising
demand for homegrown staple food and high-value commodities in domestic
and international markets already provides tremendous opportunities for an
increased and diversified agricultural production and income. This is an
opportune moment to assess and compile good practices, challenges, and
opportunities in terms of policies, technologies, extension, and service
modalities in such a way that this momentum is capitalized sustainably and
equitably.

Although there has been some research and learning documentation on
macro- as well as micro-level initiatives to address the policy and knowledge
gaps in the sector, the initiatives are scattered and very few come to the
notice of dominant policy makers, practitioners, and academics to make an
impact. A systematic and comprehensive documentation with professional
scrutiny would provide a solid basis for policy makers and practitioners for
much-needed improvement needed in the sector. This book, Agriculture,
Natural Resources, and Food Security: Lessons from Nepal is a product of an
enquiry from experts, scientists, academic, researchers, and practitioners that
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are multidisciplinary in nature and are interrelated in many ways. The book
not only explains the current gaps and explores the potentials in the sectors
within the rapidly changing sociopolitical and environmental contexts in
Nepal but also showcases practices that can be scaled up throughout the
country and beyond. It also provides a useful reference to many other
countries in the world that are rich in natural and human resources yet
challenged in achieving food security.

Divided into four major parts of interrelated themes, the book provides 24
chapters, and each chapter is rich in content and methodological rigor. Part I
—“Agriculture, Horticulture, and Post-harvest management”—highlights a
wide range of issues and good practices related to agricultural production and
services. Authors outline the potentials of urban agriculture as a model of
well-being; advocate for conservation and the use of agro-biodiversity and
for improving soil health and security for food security; introduce the concept
of plant clinics for better access to crop health services; assess the food
production and productivity gap; highlight the need for increased investment
for production and post-harvest management of fruits and vegetables;
importance of strengthening national seed system and the conservation of
agriculture technology. Furthermore, they caution the readers on the growing
risks of toxins, contaminants, and adulterants in food and recommend the
solution.

In Part II—“Livestock and Fisheries”—authors highlight the contribution
of livestock and importance of land and livestock ownership for food security
in Nepal and point out constraints, gaps, and opportunities for livestock
development; explore the contribution of fishery in the economy; emphasize
the interconnectedness of animal–human–environmental health in the context
of the COVID-19 pandemic and introduce the “One Health” approach for
more collaborative, multidisciplinary, and multi-sectoral solution. Further-
more, the authors introduce a comprehensive framework (DPSIR) to analyze
the socio-ecological impacts of transhumance system. Part III—“Forestry,
Community Forestry, and Agroforestry”—provides insightful reflections on
the potentials of agroforestry becoming an alternative to crop-focused
farming and assesses the implications of logging policies and practices on
livelihoods. Drawing on lessons from community forestry management, they
further assess the potential of an ecosystem-centered approach for local
livelihoods and suggest a way forward for a wide and sustainable impact.

In the final part—“Cross Cutting Topics”—authors introduce the W-E-F
nexus approach to policy planning and development for sustainable and
equitable water, energy, and food security. The potential of crop simulation
models to increase food security is explored in the context of changing
climate. The final chapter acknowledges the importance of gender roles and
relations and examines the interplay between gender equity and adaptation in
the Nepalese Himalayas. Increasing feminization of agricultural works on the
one hand and widening gender disparities in access to and control over
information, technologies, and services on the other requires more dedicated
investigation on gender barriers, opportunities, and implications. More
importantly, because of direct exposure to nature and greater dependency to
perform gender roles, women hold vast knowledge, skills, and capacity for
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conservation and sustainable management of natural resources. Such assets
need to be valued, protected, enhanced, and promoted for replication/
adoption at a wider scale. I believe that the next volume of the book or
similar work would shed more light on this often neglected, yet critically
important aspect.

I am truly honored to have been one of the first-round readers of such a
rich book and for having an opportunity to introduce the book to other
readers. I congratulate the authors and the editors for this successful
endeavor. I believe the book meets the thirst and hunger of those looking for
knowledge, evidence, and sectoral analysis to improve agriculture production
and food security in Nepal and beyond.

Thank you.

Bimala Rai Paudyal Ph.D.
Development Studies Researcher, Member of Parliament

Federal Parliament of Nepal
Kathmandu, Nepal

Foreword by Bimala Rai Paudyal xi



Preface

We, in this editorial team, have spent 20–40 years researching on Nepal’s
agriculture, natural resources, and environment, which form the backbone of
Nepalese economy, local livelihoods, and sustainable development. While
people and environment have lived together over the millennia in this
Himalayan nation, every time we plan our new research, we notice issues of
concerns in these sectors. The past decade has been particularly unprece-
dented, leaving us intrigued and perplexed, as we see the country become a
net food importer from a food exporter. The country remains food-insecure,
with more than 15% (4.6 million) people experiencing food access problem.
Immediate causes are obvious: limited agricultural productivity, low-value
addition, and increasing conversion of fertile agricultural land into settle-
ments and other non-agricultural uses, and so on, but there are also deeper
level dynamics which are behind these issues. Productive agricultural lands
are being abandoned, while food demand is growing. Land, forest, and
natural resources are underutilized while a large proportion of youths migrate
to other countries for menial jobs to send money back home so families can
buy imported food. Forest area has increased while harvests are restricted,
despite known sustainable harvesting technologies. Some technological
advances in agriculture are emerging, but social and environmental costs of
modernization have been ignored. Research and development work is highly
fragmented across sectors ignoring the system-wide dynamics.

These concerns have been the seedbed for the germination of this book.
While these concerns animated our collective work, our rich experience and
research network provided the confidence to embark on this project. We have
had the opportunity to analyze various facets of Nepal’s problems and
opportunities from various disciplinary angles, from Nepal as well as from
Australia, where four of us have been living and working for years. We have
worked from within Nepal as well as from outside and have active research
projects during the production of this book. Over 60 researchers and experts
who joined us as contributors to this volume bring unparallel insights into
why Nepal is facing such challenges and how these can be tackled. All this
experience put us in the unique position to explain Nepal’s agriculture and
environment sector and identify emerging and potential solutions to make
Nepal food secure and environmentally sustainable.
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This book emerged out of our collaborative work at the Nepalese Asso-
ciation of Agriculture, Forestry and Environment in Australia (NEPAFE),
which was set up in early 2019 with a goal to advance scientific cooperation
between Nepal and Australia in the agriculture and environmental sectors.
NEPAFE provided an excellent platform for us to come together and share
our concerns and visions. As members of NEPAFE, we decided that com-
piling cutting-edge research in the form of an edited volume could be an
important contribution to policy and practice. The idea was endorsed and
supported by the NEPAFE community, and the editorial group was formed to
take the project forward. We then approached Springer with a proposal and
book outline which was accepted.

The book takes and integrated and cross-sectoral approach to diagnose
problems and identify opportunities. It takes interdisciplinary approach in
presenting the research and practice-based knowledge. We focus on pre-
senting the realities of Nepal while also connecting to wider literature on the
diverse topics. This way, our aim has been to identify lessons for Nepal as
well as similar developing and mountainous countries in South Asia and the
Global South. We believe this book is particularly unique on two counts.
First, it covers multiple sectors. Second, it taps into the knowledge of those
researchers who have good understanding of the local practical contexts.

Overall, this book showcases recent studies and experimental insights of
authors who are actively engaged in Nepal’s agriculture and natural resources
management policy and practice. Chapters in the book demonstrate how
various components of the food systems based on agriculture, livestock, and
forestry systems have been researched and managed providing foundations
for food systems innovations and how they contribute to achieving various
United Nations Sustainable Development Goals (SDGs). Some crosscutting
chapters explore gender and climate adaptation, nexus approach to research,
development and policy, and application of crop simulation models in
research and policy practices and decisions. The book features some of the
internationally acclaimed practices with a potential to make significant
contributions to food, nutrition, and livelihood security. Overall, the book has
investigated why Nepal is facing an increasing level of food insecurity,
despite having rich natural resources and explored opportunities for
improvement.

The whole work of writing and editing of this book happened at a chal-
lenging time. Like with many other things, the COVID-19 pandemic made it
difficult to have face-to-face interactions, but also enabled us to see the effects
of such crises in Nepal’s food system. The cooperation of the chapter authors
has been extraordinary, making it possible for us to deliver the manuscript on
time to Springer. We thank authors for their willingness to contribute and
commitment to revise the paper multiple times in response to the reviewer
feedbacks. We have been greatly benefitted by the work of over 40 reviewers
who provided critical and constructive comments on the drafts, in some cases
needing reviews of multiple versions. We are equally grateful to the publisher
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for a timely publication and providing useful feedback on the initial proposal.
We hope this book will contribute to scientific and policy debate around
effectively managing agriculture, natural resources, and environment in
Nepal as well as similar countries around the world.

Melbourne, Australia Jagadish Timsina
(Editor-in-Chief)

Sydney, Australia Hemant Ojha
Toowoomba, Australia Tek N. Maraseni
Kathmandu, Nepal Devendra Gauchan
Perth, Australia Jagannath Adhikari
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1Introduction and Overview

Jagadish Timsina, Tek N. Maraseni,
Devendra Gauchan, Jagannath Adhikari,
and Hemant Ojha

Abstract

This chapter provides an overview of 23
chapters included in the book. The book aims
to present recent knowledge on issues and
topics related to agriculture, livestock, and
forestry systems across the three agroecolog-
ical regions of Nepal. Chapters in the book are
grouped into four themes: (a) Agriculture,
horticulture, and post-harvest management;

(b) livestock and fisheries; (c) forest ecosys-
tems, community forestry, and agroforestry,
and (d) crosscutting topics. Chapters demon-
strate how various components of the food
systems—including agronomy, horticulture,
agrobiodiversity, soil science, plant health,
food toxins and food safety, seed innovation
systems, post-harvest management, livestock
production, ownership and health, aquaculture
and fisheries production, urban agriculture,
transhumance systems, and socioeconomics—
have been researched and managed to provide
foundations for food systems innovations in
Nepal. The book also catalogues a wide range
of solutions: need of increased investment in
R&D to develop new climate resilient tech-
nologies and practices and promotion of
locally adapted species and varieties for
increased and sustained productivity of cere-
als, fruits, and vegetables, and aquaculture and
livestock; development of market linkages
with China, India, and other countries; devel-
opment of robust national seed system; con-
servation and multiplication of native and
neglected species and landraces; effective soil
fertility management and soil health improve-
ment; use of plant clinics for pest manage-
ment; promotion of conservation agriculture
and regenerative agriculture practices; promo-
tion of urban agriculture; correcting infective
institutional arrangements to minimize food
toxins and post-harvest losses; adoption of
multisectoral and collaborative one-health
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approach for integrated animal–human–envi-
ronmental health; protecting transhumance
systems in mountains; integrating ecosystem
services in forest and agrobiodiversity man-
agement; active harvesting of trees and forest
products; promotion of integrated agroforestry
systems; managing water–energy–food nexus
for research and policy planning and imple-
mentation; applications of simulation mod-
elling in closing yield gaps and in climate
change studies; and gender and socially
inclusive technology development. Whilst
these solutions are not entirely new, this book
has unravelled why these solutions have not
gained traction or how these can be taken
forward in more contextually grounded way,
not only in Nepal but generally in other
countries with similar farming systems and
terrestrial environmental issues.

Keywords

Agrobiodiversity � Agroforestry and
community forestry � Conservation and
regenerative agriculture � Ecosystems
services � Livestock and fishery � Simulation
modelling � W–E–F nexus

1.1 Background and Rationale

A landlocked country sandwiched between India
and China, Nepal is divided into three east–west
running agroecological regions or zones. These
include: (i) the Terai and Inner Terai in the
southern plains that run from the south-east to
south-west at elevations typically below 800 m;
(ii) the low-, mid- and high-hills in north of Terai
and Inner Terai and south of the Himalayan
range typically between 800 and 4000 m, and
(iii) Himalayan range above 4000 m. Within
each of the first two regions, a variety of crops,
vegetables and fruits, and tree species are grown,
and a range of livestock, poultry and fish species
are raised, within an integrated crop-livestock-
tree-based system. In the Himalayan region,
however, farming (highland crops and livestock
grazing) is limited due to extremely low tem-
peratures (Dixon et al. 2001; Krupnik et al.

2021). These agricultural practices are supported
by agroecosystems and natural resources which
include rich biodiversity, forested landscapes,
and abundant water resources.

The agriculture sector in Nepal contributes to
about 26% of the national GDP and provides
employment to about 60% of the labour force
(MoF 2021). Most of the farmers in Nepal are
smallholders and poor, and the food they produce
is insufficient even for themselves. Nepal
remains one of the food insecure countries, with
more than 15% (4.6 million) people experiencing
food insecurity (USAID 2019). Malnutrition and
micronutrient deficiencies amongst children,
pregnant, and lactating women are still prevalent,
especially in mountainous areas. With current
trends of increasing population, decreasing ara-
ble land, and low yearly increment in the rate of
cereal productivity, Nepal has an annual deficit
of >1.3 million tons of edible rice, wheat, and
maize (Devkota et al. 2022). Fruits, vegetables,
livestock, and fish are also insufficient to meet
the demand of ever-increasing population (Neo-
pane et al. 2022; Pandey et al. 2022; Shrestha
et al. 2022). Moreover, the agriculture sector in
Nepal contributes approximately 50% of the
national greenhouse gas (GHG) emissions, rising
to 60–70% if multiple points in the food value
chains are considered (MOFE 2021). Clearly,
increasing productivity and sustainability of
agriculture is a major challenge, which is further
escalated by increasing GHG emissions from
agriculture and global climate change.

Forest and trees are important contributors to
the local livelihoods and national economy.
Trees grown in the forest or farmlands contribute
about 15% of the national GDP and 9.23% of
total national employment (World Bank 2016).
Forests can protect the environment, provide
various kinds of ecosystems services, sequester
carbon in soil and biomass, provide timber and
non-timber forest products for domestic use and
export to other countries, and improve the
livelihoods of people living around the forests
(Ojha et al. 2022; Poudyal et al. 2022). Agro-
forestry systems integrating crops, livestock, and
trees practised in farmlands in all agroecologies
have significant potential to provide all these
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benefits to farmers to improve their livelihoods
(Dhakal et al. 2022). Whilst technological
advancements in agriculture and forestry are
important for increasing food productivity and
meeting nutritional requirements, there are large
socio-economic variations including gender dif-
ferences, which call for a need to have gender
and socially inclusive technology development
and farming systems in the country (Bhattarai
2022). These all need to be operated under the
nexus approach in policy at the ministerial level
and the farming systems approach in research
and development at the field level and in the
context of global climate change. Application of
digital predictive tools such as simulation models
for crop yield prediction and decision support
systems (DSSs) for crop, nutrient and water
management and crop yield prediction and cli-
mate forecasting, and adoption of water–energy–
food–land nexus as the dominant planning
framework would play an important role in
future (Amgain et al. 2022; Devkota et al. 2022;
Maraseni et al. 2021; Uprety et al. 2022). Hence,
the book showcases recent studies and experi-
mental insights of issues on various components
of agriculture, forestry and natural resources
management and provides concrete research and
policy implications and recommendations on the
above topics.

1.2 Book Structure and Chapter
Overview

Chapters in this book are grouped into four
themes: Theme 1–Agriculture, horticulture, and
post-harvest management (12 chapters); Theme
2–Livestock and fisheries (5 chapters); Theme 3–
Forest ecosystems, community forestry, and
agroforestry (3 chapters); and Theme 4–Cross-
cutting topics (3 chapters). Each theme includes
several chapters which highlight recent advances
in research and development practices happening
in Nepal. Chapters also draw on wider literature,
discuss implications for policy and development
and provide detailed recommendations for
research and policy in Nepal as well as more
broadly for South Asia. In this chapter, we offer

theme-wise overview of chapters integrating the
knowledge from individual components of agri-
cultural and food systems and provide key
research and policy recommendations.

1.2.1 Theme 1: Agriculture,
Horticulture, and Post-
harvest Management

Cereals are a major source of food security,
income, livelihood, and employment in Nepal.
Gauchan et al. (2022) used compound growth
rates and instability index techniques to assess
the growth patterns and dynamics of cereal
yields, production and import growth, and food
demand and self-sufficiency in Nepal. They
estimated the cereal production and demand
growth and self-sufficiency ratios for 2050 using
different scenarios and Auto Regressive regres-
sion model to analyse the relationship between
domestic production and income growth with
import. They found that the current cereal pro-
duction is low to meet the current and future food
demands of the increasing population. They
concluded that the country cannot achieve cereal
self-sufficiency by 2030 as envisioned by UN’s
SDGs and even by 2050. Thus, Nepal will con-
tinue to import a large quantity of cereals, par-
ticularly rice and maize in the foreseeable future.

Fruits and vegetables are rich sources of
dietary fibre, vitamins, minerals, electrolytes,
phytochemicals, and antioxidants, with high
potential for improving food and nutritional
security and peoples’ livelihoods. Pandey et al.
(2022) documented the status of fruits and veg-
etables research and varieties developed and
recommended, and analysed their area, produc-
tion, and yield growth rates and import and
export situation in Nepal. Their findings showed
that the development and release of hybrids and
open-pollinated varieties using locally adapted
genetic resources are limited in fruits and veg-
etables. They showed that despite the increase in
area growth, the production has not increased
resulting in rapid imports of fruits and vegetables
in recent years to meet the increasing demands.
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