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Conventional approaches in mountain agriculture have not been able to reduce hunger and malnutrition. 
The transition to food systems that are nutrition-sensitive, climate-smart and sustainable requires government 
leadership to reinforce intersectoral e�orts and acknowledge the wealth and diversity of mountain agriculture. 
This publication provides a clear message to policymakers, researchers and practitioners: we must include mountain 
agriculture in our agendas when tackling hunger and malnutrition, poverty alleviation, conservation and sustainable 
use of biodiversity, and climate change adaptation. We have to work together in our commitment to include 
mountain agriculture and �leave no-one behind� on the road towards achieving the Zero Hunger goal.

JosØ Graziano da Silva 
Former Director-General 
Food and Agriculture Organization of the United Nations
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The Mountain Consultation received enormous support and dedication from national governments and national 
agriculture/mountain research organizations, who were engaged in activities before and during the Consultation to 
address the common challenges that Asian countries face in the sustainable development of mountain agriculture. 
For instance, high-level experts from the Nutrition Development Foundation and Royal Project Foundation from 
Thailand contributed technical presentations and successful country studies on nutrition governance, niche and 
development of local products for value addition, diversi�ed livelihoods and agritourism in the mountains.

In addition, national mountain agriculture experts from national research institutes in nine Asian countries 
(Bhutan, Nepal, Myanmar, Cambodia, Vietnam, Lao PDR, India, Pakistan and Bangladesh) prepared preliminary 
Country Reports on Sustainable Mountain Agriculture Development for Achieving Zero Hunger and Poverty 
Reduction, in coordination with their government o�cials, based on FAO guidelines. The reports were circulated for 
international review before the Mountain Consultation. The national mountain agriculture experts presented at the 
Mountain Consultation to generate further discussion for the preparation of this publication. Moreover, 
a comprehensive set of Questionnaires on Mountain Agriculture in Asia were distributed to all participants at the 
Mountain Consultation for the purposes of data gathering and deliberative consultation.

The objectives and outputs of the Mountain Consultation, 30 October�1 November 2018, Beijing are presented 
below:

Objectives Outputs 

1 Identify constraints, gaps and opportunities on 
mountain agriculture development for poverty 
reduction and Zero Hunger

1 Key challenges and potential identi�ed for agriculture 
and food systems in mountain areas (production, 
agro-processing, marketing and consumption)

2 Facilitate knowledge sharing, lessons learned 
and good practices on sustainable agriculture 
development and mountain food security and 
nutrition governance

2 Good experience, practices and solutions for enhancing 
sustainable mountain agriculture development (e.g. 
production, agroprocessing, marketing and consumption) 
and mountain food security and nutrition governance

3 Identify possible entry points and policy 
recommendations for promoting sustainable 
mountain agriculture development, and strengthen 
food security and nutrition governance

3 Recommendations and roadmaps for the way forward 
for mountain food security and nutrition governance 
developed

Compromising �ve sessions, the �rst day�s programme was designed for international experts to share advanced 
experiences/programmes/lessons learned and success stories for sustainable mountain agriculture development 
from a global policy and technical perspective. International experts led state-of-art presentations on the following 
topics based on the framework of a sustainable food system: (1) Sustainable Mountain Agriculture Development and 
its Contribution to Food Security and Nutrition Governance; (2) Mainstreaming Neglected and Underutilized Species 
(NUS) for Mountain Agricultural Development: The Role of Future Smart Food (FSF); (3) Building Sustainable and 
Integrated Farming Systems for Mountain Agriculture; and (4) Promoting Integrated Value Chain and Market Access 
for Mountain Products.

On the second day, experts from nine Asian countries (Bangladesh, Bhutan, Cambodia,1 Lao PDR, India, Myanmar, 
Nepal, Pakistan and Vietnam) that have implemented the RI-ZH shared their experience regarding the constraints, 
gaps and opportunities on sustainable mountain agriculture development for poverty reduction and Zero Hunger. 
The reports revealed that despite positive developments for reducing poverty nationwide, each country is su�ering 
from similar problems such as the lack of interest of young people in agriculture, outmigration and the feminization 
of agriculture, degradation of natural resources as well as the serious implications of climate change on natural 
resource management and mountain agriculture.

On the �nal day, the experts and participants convened for three policy dialogue sessions to discuss gaps and 
challenges in mountain agriculture within national policies and strategies for mountain agriculture, food security and 
nutrition governance development. David Molden, Director General of ICIMOD, highlighted the need to stand up 

1 The country study from Cambodia is not included in this publication due to limited national data on mountain agriculture available. To access the presentation from 
Cambodia at the Mountain Consultation, please visit the website on Regional initiative of Zero Hunger at FAO RAP.
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collectively for mountain agriculture issues and raise the voice of mountain people, as mountains are hotspots for 
Zero Hunger, climate change and migration. As an outcome of the workshop, Mahmoud El Solh presented 
�Recommendations for Policy Makers for Sustainable Development of Mountain Agriculture�, highlighting that it is 
crucial to raise awareness internationally on opportunities for sustainable mountain agriculture development for 
diversi�ed and sustainable food systems. Finally, Daniel Gustafson, FAO�s Deputy Director-General, raised concerns for 
the existing imbalance between the recognition of mountains internationally and their importance. He advocated 
for increased joint e�orts to add-value to mountain products and to empower mountain people, particularly women. 
Prof Hui Wu, Vice President, UIR, also o�ered a closing remark thanking everyone for taking collective e�orts in this 
important area for Zero Hunger.

The challenges and problems facing sustainable mountain ecosystems and mountain agriculture are often complex, 
transboundary and di�cult to be resolved by a single country, a single discipline, or single institution. All national and 
international partners from di�erent backgrounds have emphasized the need to team up and continue �ying the �ag 
for supporting mountain agriculture and mountain people in the Asia region. There is a need to to reach out further 
and communicate globally to increase multisectoral policy prioritization, interdisciplinary engagement, and 
public�private investment for the development of sustainable mountain agriculture.

This publication, titled �Mountain agriculture-opportunities for harnessing Zero Hunger in Asia� integrates and moves 
the outcomes of the Mountain Consultation forward by looking at the status, challenges, opportunities and solutions 
of sustainable mountain agriculture development for Zero Hunger in Asia. It comprises four parts:

Part I sets the scene of the publication, serving as a guiding and introductory passage to outline the context and 
justi�cation of why mountain agriculture matters and the synergies among mountain agriculture, food security and 
nutrition in a changing climate.

Part II comprises seven thematic chapters (Chapters 2�8) on mountain agriculture that are technical and 
multidisciplinary in nature with a regional and global outlook, but also practical in terms of conveying hands-on 
lessons-learned and successful case studies at the local level. They integrate mountain agriculture to rounded 
debates under a sustainable food system, including the challenges and opportunities that mountain agriculture 
o�ers, FSN governance, Future Smart Foods, farming systems, value chains, and socio-cultural livelihoods. 
They also lay the framework for mountain food security and nutrition governance based on a survey conducted in 
Asian countries.

Part III presents eight Asian country case studies on mountain agriculture, covering e�orts made by the national 
government, as well as diverse mountain communities from the public and private sectors, ranging from classic 
examples of integrated farming systems to innovative new institutional designs, speci�cally tailored to local contexts 
and conditions. The country studies presented: (1) an overview of food security and mountain characteristics and the 
contributions of mountain agriculture in each country; (2) the status, challenges and constraints of mountain 
agriculture; (3) opportunities and entry points for mountain agriculture development to address Zero Hunger and 
poverty reduction (from food system perspectives covering production, agro-processing, marketing and 
consumption); (4) country experiences: main policy measures, initiatives and practices to enhance mountain 
agriculture development; (5) strategic consideration and suggestions: policies and measures, and governance 
promoting sustainable agriculture development in mountain areas; (5) conclusion.

Part IV concludes the publication with a set of Recommendations to inform the policymakers, development experts, 
academics and mountain communities who support sustainable mountain development, food security and nutrition. 
The Recommendations were developed by Mahmoud El Solh, in collaboration with a large group of multidisciplinary, 
international experts, to put the development of mountain agriculture on a more signi�cant and sustainable path 
and make it an integral part of the food security and nutrition policy nationally and globally.

Xuan Li, Mahmoud El Solh and Kadambot H.M Siddique
June 2019
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GSO General Statistics O�ce, Viet Nam
HACCP Hazard Analysis and Critical Control Points
HADP Hill Area Development Programme
HDI Human Development Index
HIMALI High Mountain Agri-business and Livelihood Improvement Project, Nepal
HKH Hindu Kush Himalayan
HLPE High Level Panel of Experts
HVAP High Value Agriculture Project, Nepal
HYV High Yielding Varieties
ICESCR International Covenant on Economic Social and Cultural Rights
ICIMOD International Centre for Integrated Mountain Development
ICRISAT International Crops Research Institute for the Semi-Arid Tropics
ICT Information and Communications Technology
IDM International Day of Mountains
IFAD International Fund for Agricultural Development
INAGEP Innovation and Agro-entrepreneurship Program
IPCC Intergovernmental Panel on Climate Change
IPM Integrated Pest Management
IUCN International Union for Conservation of Nature
KHAE Kanchenjunga Himalica Agriculture Enterprise
LDC Least Developed Country
LER local elevation radius
LIT low-input technology
MAF Ministry of Agriculture and Forestry
MAPs Medical Aromatic Plants
masl metres above sea level
MDG1 1st Millennium Development Goals
MEAs Multilateral Environmental Agreements
MFA multifunctionality of agriculture
MNFSR Ministry of National Food Security and Research, Pakistan
MOCHTA Ministry of Chittagong Hill Tracts A�airs
MoALD Ministry of Agriculture and Livestock Development
MoALMC Ministry of Agriculture, Land Management and Co-operatives, Nepal
MOLISA Ministry of Labour Invalids and Social A�airs, Viet Nam
MP Mountain Partnership
MPP Mountain Partnership Products
MPLCS Myanmar Poverty and Living Condition Survey
MSNP Multi-Sector Nutrition Plan, Nepal
NAFES National Agriculture and Forestry Services
NAFRI National Agriculture Forestry Research Institute
NAP National Agriculture Policy, Nepal
NARC National Agriculture Research Council
NDMA National Disaster Management Authority
NIDA-Pakistan National Integrated Development Association
NLRF National Land Rights Forum, Nepal
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NLSS Nepal Living Standards Survey
NNSPA National Nutrition Strategy and Plan of Action
NOMAFSI Northern Mountainous Agriculture and Forestry Science Institute, Viet Nam
NPV net present value
NSEDP National Socio-Economic Development Plan
NTB Nepal Tourism Board
NTFP non-timber forest products
NUS Neglected and Underutilized species
OVOP One Village One Product
PARC Pakistan Agricultural Research Council
PDR People�s Democratic Republic, Lao PDR
PGS Participatory Guarantee System
PMAMP Prime Minister Agriculture Modernizing Project, Nepal
POP Package of Practices
PoU Prevalence of Undernourishment
PPP purchasing power parity
PPC Primary Processing Centres
PSL Priority Sector Lending
PWD Public Works Department
RAP-FAO Regional O�ce for Asia and Paci�c
RISMFP Rising Income of Small and Marginal Farmers Project, Nepal
RI-ZH Regional Initiative on Zero Hunger
SAARC South Asian Association for Regional Cooperation
SAI State Agriculture Institutes
SALT Sloping Agricultural Land Technology
SDGs Sustainable Development Goals
SEC small ethnic communities
SEZ Special Economic Zones
SRI System of Rice Intensi�cation
SSR Self Su�ciency Rate
SWG Sector Working Groups
SWOT Strengths, Weakness, Opportunity and Threat
TAAN Trekking Agencies’ Association of Nepal
UFE Under-Forestry Economy
UNDP United Nations Development Programme
UNEP United Nations Environment Programme
USGS United States Geological Survey
UIR University of International Relations of China
UFE Under-Forestry Economy
VAAS Vietnam Academy of Agricultural Sciences 
VADEP Value Chain Development Program, Nepal
VKC Village Knowledge Centres
WEF Water-Energy-Food
WFP World Food Programme
WHO World Health Orgainzation
ZHC Zero Hunger Challenge
ZTBL Zari Taraqiati Bank Limited
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Figure ES.1 The development process of the Mountain Consultation
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Myanmar, Nepal, Pakistan, Viet Nam
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mountain agriculture to enhance food security and 
nutrition (Chapter 17), and the Policy Framework 
for sustainable mountain agriculture development 
(Chapter 8).

In the context of the SDGs and turning the challenges 
of mountain agriculture into opportunities, promoting 
Future Smart Food (FSF) which are adapted to mountain 
cultivation is considered an entry point. FAO, de�nes 
Future Smart Food as Neglected and Underutilized 
Species (NUS) that are nutrition-dense, climate-resilient, 
economically-viable and locally available or adaptable. 

This is because mountains host approximately 
one-quarter of all terrestrial biodiversity and nearly half 
of the world�s biodiversity hotspots. But to ensure such 
FSF schemes thrive, government will have to take 
a leading role and place mountain agriculture at the 
centre of their national and sub-national poverty 
reduction, food security and nutrition policies. It is only 
with full government backing that mountain agriculture 
will achieve its potential improve the livelihood of 
mountain people. This publication presents a regional 
overview on mountain agriculture development based 
on thematic analysis and national studies.

Part II Enabling environment to promote sustainable mountain agriculture development
Based on the analysis on the challenges and opportunities that mountain agriculture entail (Chapter 2), Part II 
navigates through multiple areas of mountain agriculture in the food systems (Chapter 3�7), to develop a policy 
framework for sustainable mountain agriculture (Chapter 8). In short, Part II includes seven thematic chapters on the 
features, challenges, opportunities, case studies and strategies related to the enabling environments required to 
promote sustainable mountain agricultural development from a food system perspective.

Chapter 2 The status, opportunities and challenges 
of mountain agriculture development to improve 
livelihoods and ensure food security and Zero 
Hunger, by Mahmoud El Solh provides a deep but 
broad overview of challenges and opportunities of 
mountain agriculture and farming to improve food 
security and livelihoods.

The chapter �rst provides a sketch of the importance 
of mountain ecosystems for meeting the global 
Sustainable Development Goal (SDG) challenges on 
environment, food security and livelihoods, with a 
highlight on mountain�s special contribution to the 
water-energy-food nexus. The chapter then examines 
mountain agriculture�s speci�c challenges, major 

2 The country study from Cambodia is not included in this publication due to limited national data on mountain agriculture available. To access the presentation from 
Cambodia at the Mountain Consultation, please visit the website on Regional initiative of Zero Hunger at FAO RAP.
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production systems and added-value products. These 
characteristics and di�erent categories of productions 
systems and products were explained in detail with 
reference to examples around Asia. The chapter then 
reviews the role of the UN and other international 
organizations in enhancing mountain ecosystems and 
agriculture. There is also a call for international 
cooperation to tackle the trans-boundary challenges 
and strengthen mountain agriculture development. 
A set of recommendations are also included at the end 
of the chapter.

Mountain areas are characterized by topography of 
variable altitudes and variable climatic conditions and 
so are major reservoirs of global biodiversity. Mountain 
areas are rich in biodiversity, containing one-third of all 
plant species and hosting 17 (50 percent) of the 
34 global biodiversity hotspots. In additions, one of the 
other important ecosystem contributions that mountain 
provides, is the water-energy-food nexus. Positive 
impacts resulting from these policies and actions are 
essential for reaching the SDGs, including the reduction 
of poverty and the elimination of hunger at national and 
global levels.

One of the major di�culties in developing mountain 
agriculture is the vicious cycle of poverty � natural 
resource degradation � poverty that exists in many 
mountain regions. Basically, the higher the poverty level 
in a mountain community, the greater the exploitation 
of natural resources, namely soil, water and biodiversity. 
There are four major production systems in mountain 
agriculture: (1) pastoral livestock production system; 
(2) agro-pastoral production system; (3) rain-fed 
agricultural production system, including fruit trees; 
(4) irrigated agriculture production systems. This chapter 
provides detailed technical insights into the involved 
natural resource, socioeconomic, market and policy 
factors of each of the production systems with country 
cases. In general, mountain agriculture production 
systems are highly diversi�ed and make use of 
integrated cropping systems in the forms of smallholder 
and family farming.

Access to markets is an issue in mountain agriculture 
due to lack of infrastructure and transportation. 
However, added-value products by mountain agriculture 
are an important and useful way of increasing income 
and improving livelihoods in isolated low-income 
mountain communities. Added-value products in 
livestock-based production systems (in both pastoral 
and agropastoral livestock production systems) include 
dairy products such as yogurt and cheese produced 
from cow, goat and sheeps� milk. It is important to 

train people, particularly women, on how to produce 
high-quality hygienic yogurt and cheese which can fetch 
high market prices and increase the income of mountain 
communities. Examples of successful stories of wool, 
walnuts, fresh mint and other Future Smart Food 
varieties are brie�y introduced and explained.

The chapter summarizes the role of the UN agencies, 
FAO, Mountain Partnership, ICIMOD and other major 
institutions� contribution to mountain agriculture. It calls 
for more collaboration and meaningful technical, policy 
and �nancial investment in mountain agriculture 
development. The sustainable development of 
mountain agriculture requires long-term investment in 
holistic and integrated approaches that involve policy, 
socio-economic and institutional aspects; natural 
resource management; and crop and livestock 
improvement. (Figure ES.2).

Chapter 3 The potential of Future Smart Food for 
mountain agriculture: nutrition, climate-resilient, 
economic and social bene�ts, by Kadambot H.M 
Siddique and Xuan Li, introduces the concept of Future 
Smart Food and explores how developing Future Smart 
Food in mountain agriculture can transform the 
mountain food systems so that they are more nutrition 
sensitive, climate resilient, economically viable and 
locally adaptable.

This chapter starts with the context of major challenges 
faced by mountain agriculture, challneges which will 
require the transformation of mountain agriculture 
from using staple-oriented systems to being more 
nutrition-sensitive and climate-smart. To show how 
this is possible, the chapter presents the concept and 
features of FSF and shows how by making use of such 
crops, mountain agriculture can help to meet the 
Zero Hunger goals. On this basis, it analyzes how to 
mainstream FSF and harness the opportunities they can 
o�er mountain agriculture development, especially in 
terms of the entry points and government leadership.

FSF is a term used for NUS that are nutrient-dense, 
climate-resilient, economically viable, and locally 
available or adaptable. Many countries in Asia have 
identi�ed the following as Future Smart Food: pulses, 
cowpea, taro, millets, drumstick, quinoa, buckwheat and 
moringa. Future Smart Food is key to agricultural 
diversi�cation and play a signi�cant role in narrowing 
and closing production and nutritional gaps. Led by 
FAO RAP since 2016, the FSF initiative has gained a wide 
range of national and international partners and has 
been received favourably by academics, policy makers 
and has attracted broader public attention.
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The main multi-dimensional bene�ts that FSFs with 
mountain specialty o�er are: (1) they are nutrient dense, 
rich in macronutrients and micronutrients, relative to 
the staple food crops of mountain populations; (2) they 
are climate resilient for climate change adaptability in 
the mountains, to enhance diversi�cation and resilience 
of agroecosystems and the have the ability to grow 
on marginal land and withstand the impact of climate 
change scenarios (e.g. drought, cold, increased 
frequency and intensity of extreme weather events); 
(3) FSF are economically viable, providing income 
opportunities for mountain populations and 
contributing to mountain livelihood improvement 
based on their higher nutritional and health value. 
They can also o�er a higher level of safety being organic 
and can supplement year round incomes when grown 
as s o�-season products; (4) they are locally available or 
adaptable, and take into account the traditional 
knowledge and the cultural identity of indigenous 
mountain people.

But how to harness the potential of FSF for mountain 
agriculture development? From a food system 
perspective, transforming mountain agriculture and 
food systems so that they are more diversi�ed, 
nutrition-sensitive, climate-resilient, economically viable 
and locally-adaptable is the key to harnessing the 
potential of FSFs, particularly if they can be 
mainstreamed. To tap into the opportunities that FSFs 
o�er for mountain agriculture achieving Zero Hunger, 
focus should be given to identifying and prioritizing 
FSFs with local mountain specialty in terms of 
(1) Prioritization: identify and prioritize FSFs with 
mountain specialty; (2) Production: increase production 
of mountain FSFs in mountain farming systems 
adaptable to various agro-ecological zones; 
(3) Processing: improve the e�ciency of post-harvest 
and processing of FSFs with mountain specialty; 
(4) Marketing: promote the distribution and marketing of 
FSFs with mountain specialty; (5) Consumption: Increase 
the demand for FSFs with mountain specialty among 
consumers by increasing awareness and knowledge 
about their multi-dimensional bene�ts (Figure ES.3). 
Government leadership will be indispensable to this end.

Chapter 4 Integrated farming system development 
for mountain agriculture in Asia, by Prakash C.Tiwari, 
Liqun Wang, and Bhagwati Joshi provides an overview 
of the challenges and future development of diverse 

farming systems in mountains in Asia, covering all land 
based activities such as agronomic or �eld crops, 
horticulture, animal husbandry, poultry and �sheries. 
It also covers types of conservation practice and their 
organic and functional links.

The chapter �rst examines the principle Asian mountain 
ranges including the Hindu Kush Himalaya, the 
highlands of Central Asia, the plateau of Tibet and 
Magnolia and the uplands of Southeast Asia. It then 
looks at the characteristics of cropping systems in four 
major Asian mountain integrated farming systems. 
The chapter also provides analysis of the constrains and 
emerging threats to these integrated farming systems, 
as well as approaches of how mountain farming systems 
can be restored and developed. A section looking at 
the under-forestry-economy in China is included before 
the conclusion.

The principal mountain farming systems of Asia are as 
follows: (1) Himalayan Farming Systems (including a 
mixed crop livestock farming system, a livestock-pasture 
farming system and shifting cultivation); (2) Upland 
Intensive Mixed Farming Systems; (3) Highland 
Extensive Mixed Farming System; and (4) a Pastoral 
Farming System. The mountain regions of Asia therefore 
provide some of the best examples of integrated 
mountain farming systems.

However, over recent years, the values of traditional 
mountain farming systems have eroded mainly due to 
population growth, rapid urbanization, depletion of the 
natural resource base, economic globalization, market 
in�uences and the e�ects of climate change. However, 
capitalizing upon both the sociocultural and biophysical 
strength of the mountain landscape, integrated farming 
systems have the potential to contribute signi�cantly 
towards attaining food and nutrition security as well as 
securing improved and viable livelihood opportunities 
for mountain communities. The potential of agroclimatic 
diversity in mountain areas ranging from productive 
valleys to higher elevation can be optimally utilized for 
the diversi�cation and integration of agronomic or �eld 
crops, livestock farming, horticulture, �oriculture, 
dairying, �shing, bee-keeping and forestry at watershed 
level. The development of value-addition products 
would be necessary for ensuring the sustainability of 
the entire integrated mountain production system in 
mountain areas.

Figure ES.2  Development stages of food systems for Future Smart Food
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and prioritization Production Post-harvest 
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This chapter also includes a case study on 
Under-Forestry Economy (UFE) in China. 
The development of UFE contributes to the 
improvement of farmers’ income and rural livelihoods by 
increasing productivity and pro�tability of the systems. 
The related research and assessment results show that 
the development of the UFE can enhance the income 
growth of farmers, especially the income growth of 
low- and middle-income farmers, which means that 
this integrating practice plays a signi�cant role not only 
in addressing hunger and malnutrition in poor hill and 
mountain areas, but also in promoting rural 
development. Moreover, the development of UFE plays 
a positive role in protecting the ecological environment 
and in forming into a multilevel green activity on the 
landscape through protection of forest resources. 
Government leadership and choosing the suitable 
development model is crucial in this success. In addition, 
integration of the di�erent sectors of mountain 
economy with local agricultural production systems, 
the �ow of credit to rural areas, and increased 
investment in mountain agricultural enterprises will 
help in making all types of mountain farming systems 
economically viable and ecologically sustainable.

Chapter 5 Sustainable mountain agriculture through 
integrated and science-based watershed 
management: a case study, by Suhas P. Wani and 
Dinesh K. Marothia is a technical contribution on how 
an integrated watershed management of mountain 
agriculture can tackle the traditional problems that 
mountain agriculture has faced, and provide accessible 
solutions for mountain populations to increase their 
food security and income levels while retaining their 
social traditions and respecting the natural resources 
and ecosystems of mountains.

The chapter �rst introduces the concept and bene�ts of 
participatory, integrated and consortium approaches 
for watershed management, which could enhance 
productivity and resilience, improve water budgeting 
and management strategy. The chapter showcases these 
advantages through a case study in Lucheba watershed 
in China. The historical context, cropping systems and 
forage production and animal-based livelihoods of the 
Lucheba watershed are included in the study. Special 
analysis is given to the input utilization, output and 
income patterns in crop production, emerging market 
patterns and employment as well as income from farm 
and non-farm activities. The chapter concludes with key 
factors that can ensure a successful integrated 
watershed management and value chain approach.

An integrated watershed management approach 
provides an entry point for improving food security and 
livelihoods in mountainous areas. Such an approach also 
helps to address the issues of sustainable environmental 
services and climate change and helps to build the 
resilience of food systems. FSF, which are climate 
resilient, locally grown, nutritious and ecologically 
sound, can also help meet the Zero Hunger target. The 
50 million tourists who visit mountain regions annually 
are also a potential way of popularizing FSF and creating 
extra income and investment for local people.

The case study of the Lucheba watershed in Guizhou 
Province in southern China clearly illustrates the bene�ts 
of adopting a holistic, integrated watershed 
management approach to improving farmers� income 
and achieving better food security. In addition, 
the approach has helped to develop water resources 
through catchment management and by reducing 
water scarcity during dry periods. The watershed 
management approach has created net present value 
(NPV) of USD 14.7 million over 10 years with an 
investment of USD 4.5 million by increasing cropping 
intensity to 300 percent and creating new links 
with markets.

Thanks to the increased income from agriculture, most 
houses in Lucheba are newly constructed with concrete 
and have the sort of amenities that were, until recently, 
only seen in urban areas. Farmers now work more 
collectively having formed a Farmers Association and 
through the use of new technologies, such as the 
Internet, they are able to sell vegetables in markets 
further a�eld, such as Shanghai and Hong Kong. 
Per capita income in Lucheba village increased from 
CNY 6 800 per year in 2011 to CNY 8 100 per year in 
2012, which was twice the provincial per capita income. 
The many impacts of integrated watershed 
management at Lucheba will be looked at in more detail 
throughout this chapter, not only in social terms but also 
in relation to the environment, the economy and the 
region�s food security.

Chapter 6 Integrated value-chain development 
of mountain products for poverty reduction and 
Zero Hunger by Surendra R Joshi, Michelle Geringer 
and Bingchuan Hu utilized the approach of integrated 
value-chain development and applied it to mountain 
development based on mountain region�s advantages of 
diversi�cation and value-added products.
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The chapter �rst examines the mountain context and 
key issues before it moves to introducing high value 
mountain products, the market opportunities they 
o�er and the many challenges in developing mountain 
agriculture. The chapter then introduces the integrated 
value chain development approach as the most e�ective 
way of improving mountain food security and building 
resilient communities in mountain regions. Case studies 
about the e-commerce development of agricultural 
products in China, large cardamom pods value chain 
development in Nepal and the Mountain Partnership 
Products Initiative (MPP Initiative) are presented to 
conclude that mountain products have a key role to play 
in sustainable food systems and improving livelihoods. 
Not only do they contribute to food security and 
sustainable food diets, but they are also a means of 
improving local economies, livelihoods, preserving 
agrobiodiversity and mountain peoples� diverse heritage.

For centuries, mountain communities have tapped into 
their natural resources and built expertise to produce 
high-quality and unique products such as co�ee, cheese, 
grains, herbs, medicinal plants and spices as well as 
handicrafts. While small-scale mountain agriculture 
cannot compete with the volume of lowland 
production, it can focus on diversi�cation and has the 
potential to tap into mountain specialty products 
markets such as organic, fair trade or high-end quality 
markets and in doing so, fetch premium prices. All 
evidence shows that high value products can contribute 
greatly to the economy of mountain areas.

Considering that mountain agriculture is highly diverse, 
small-scale and inherently green, the MPP Initiative and 
other organizations such as the ICIMOD strive to create 
demand for high-quality traditional mountain products, 
harness comparative advantages and create fair 
incentives/compensation for mountain farmers, 
particularly for women, who are often left to manage 
the farms and households when men migrate to 
lowland areas in search of additional sources of income. 
An increased demand for traditional mountain 
products can increase their income through trade 
and manufacturing.

The integrated value-chain development approach is 
a market driven systems approach, which focuses on 
linking households and/or communities to growing 
markets, so that they can earn income to purchase 
additional food while reducing the risks that come with 
relying solely on their own production. This will be done 
by striking the balance between improving productivity 
while ensuring market functionality and sustainability. 
It emphasizes speci�c opportunities (e.g. the 

comparative and competitive advantages of mountain 
products and services) and challenges to achieving 
sustainable and inclusive growth.

Within the integrated value-chain development, 
E-commerce is gaining popularity as a tool for marketing 
agricultural products in many countries. For example, in 
China there are some innovative e-commerce models 
such as �social e-commerce�, and Tik Tok � a media 
app for creating and sharing short videos � that have 
brought many positive e�ects, which include 
responsible production, environmental protection and 
sustainable development. Other successful case studies 
are the large cardamom pods in Nepal related in the 
ICIMOD Himalica Programme and MPP�s Jumla�s mixed 
beans story. They have demonstrated that an integrated 
value-chain development approach can contribute 
to reducing poverty and contribute to Zero Hunger, 
thereby creating shared value through strengthening 
producers and their groups and organizations to 
acquire agricultural inputs collectively at lower prices, 
and helping them to add value and commercialize 
their products.

Chapter 7 Global Important Agricultural Heritage 
Systems (GIAHS) and their role in integrated 
mountain agricultural development, by Qingwen 
Min, Heyao Li and Lubin Ding illustrates how GIAHS can 
turn the potential of mountain agriculture into tangible 
bene�ts for farmers� food security, cultural traditions and 
income, as well as o�er bene�ts to the environment.

The chapter �rst introduces the concept and 
multi-functionality of GIAHS. It looks at mountainous 
areas with intensive GIAHS or potential sites. After 
describing traditional and ingenious agricultural 
practices in mountainous areas, the chapter introduces 
three mountain GIAHS sites in China with their key 
agricultural functions, value-added products, 
contribution to ecosystems and environment as well as 
cultural importance. The case studies also highlight the 
importance of good governance and participation of 
multi-stakeholders. The chapter concludes with GIAHS�s 
contribution to Zero Hunger and poverty reduction 
that they can achieve economic development through 
the development of multi-functional agriculture, 
extended value chain, and multi-participation bene�t 
sharing mechanism.

As well as a comprehensive list, the chapter shows that 
although mountains are considered marginal land and 
unsuitable for modern commercial farming, among the 
designated GIAHS sites for the whole world, 60 percent 
of them are in mountainous areas, and the proportion 
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remains the same for China. It shows that mountain 
agriculture has great potential for ecosystem 
preservation and that mountain areas are hubs for plant 
diversity, cultural diversity and economic potential.

The chapter highlighted case studies in China with 
evidences from Honghe Hani Rice Terraces Systems; 
Congjiang Dong�s Rice Fish Duck System; and Shaoxing 
Kuaijishan Ancient Chinese Torreya. For instance, 
in the Honghe Hani Rice Terraces System, there are 
195 varieties of rice used in the area, including 48 kinds 
of local rice varieties. The local government pays great 
attention to the protection and utilization of traditional 
food crops, and through the establishment of 
germplasm resources and the promotion of 
marketization of red rice and purple rice, to achieve the 
goal of protection and poverty alleviation.

GIAHS are not only rich in resources, but also have a 
brand advantage. Studies have shown that the 
pollution-free environment of the GIAHS is suitable for 
the development of organic production. Endemic plant 
and animal varieties with the GIAHS brand have higher 
market value than general varieties. For example, red rice 
grown in the Hani Rice Terraces System is labeled with 
national geographical indications and is used as a raw 
material to manufacture distinctive ecological products. 
Agricultural organic certi�cation, based on traditional 
environmentally friendly technology, increases farmer 
income and encourages traditional agricultural 
techniques and preserves cultural heritage. In addition, 
GIAHS area farmers can bene�t from tourists who often 
like to buy local agricultural products when visiting and 
taking part in tourist activities. The sustainable 
agriculture in GIAHS sites relies on traditional methods of 
production, which keeps and improves local biodiversity 
and develops production and processing of high quality 
traditional local products, rural tourism and handicrafts.

The designation and conservation of GIAHS is 
conductive to the recognition and activation of local 
governments to adopt laws, policies, documents to 
guarantee and accelerate the dynamic conservation 
and sustainable development of GIAHS sites. 
The government�s leadership in creating an enabling 
environment is essential to make sure that the �ve key 
elements of the mountain heritage system (forests 
villages, terraces, water and culture) are developed in 
balance. In addition, the designation and conservation 
of GIAHS is also a process of multi-participation and 
coordination. The participation of multi-stakeholders 
helps to optimize the value distribution and 
construction of value chains, motivate all players and 
can create new points of growth and promote the 
value-addition of the GIAHS sites.

Chapter 8 Strengthening the governance of 
mountain agriculture and food security and 
nutrition � An analysis of survey on mountain 
agriculture in Asia, by Xuan Li and Luis Antonio T. 
Hualda presents the FAO survey on mountain 
agriculture and its analysis, results and governance 
implications. It emphasizes the need to develop a policy 
framework for mountain agriculture development based 
on food systems and a value chain approach with 
guiding principles, and highlights the responsibility of 
the Government to create an enabling environment for 
sustainable mountain agriculture development.

This chapter �rst recognizes that while challenges and 
potentials co-exist in the mountains, it requires in-depth 
understanding of the multi-dimensional constraints for 
mountain agriculture at a country level. It then gives the 
background about the survey conducted on mountain 
agriculture in Asian countries, i.e. Bangladesh, Bhutan, 
Cambodia, India, Lao PDR, Myanmar, Nepal, Pakistan and 
Viet Nam. The chapter then goes on to present the 
analysis and results of the survey in terms of the main 
constraints in biophysical-technical, socio-economic, 
policy and institutional dimensions. It further presents 
the results of suggested solutions to address these 
multi-dimensional constraints facing sustainable 
mountain agriculture development. On this basis, 
a policy framework is suggested to rationalize strategies 
and priorities for sustainable mountain agriculture 
development.

The survey shows the results of the four-dimensional 
constraints. In terms of biophysical-technical constraints, 
�seasonal hazards� and �poor infrastructure� are identi�ed 
as most important challenges. In terms of 
socio-economic constraints, �lack of market information� 
and �poor access to telecommunications� are identi�ed 
as most important challenges, followed by �isolation and 
lack of market access/transport network�. In terms of 
policy constraints, �lack of information and policy 
support on mountain specialty products� are identi�ed 
as main challenges. In terms of institutional constraints, 
�lack of organized institutional support to connect value 
chain components namely production, processing, 
marketing and consumption for mountain regions� is 
identi�ed as most important issue. In short, constraints 
that were given priority by respondents were those 
relating to the development of mountain specialty 
products and to improving opportunities to link 
with markets.

The survey emphasized that to address 
multi-dimensional constraints on mountain agriculture 
development, the most important issues were related 
to mountain products and market development. Based 
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Part III Country studies on mountain agriculture development
(Chapter 9 through Chapter 16) includes eight Country Studies on Mountain Agriculture Development (Bhutan, 
Nepal, Myanmar, Vietnam, Lao PDR, India, Pakistan and Bangladesh) ( (Figure ES.4). The country studies covers e�orts 
made by national governments and includes input from diverse mountain communities and the public and private 
sector. The studies also look at integrated farming systems that use innovative new methods that can be speci�cally 
tailored to local contexts and conditions. Each of the country studies include �ve sections: (1) an overview of food 
security and mountain characteristics and the contributions/percentage of mountain agriculture in the country; 
(2) the status, challenges and constraints of mountain agriculture; (3) opportunities and entry points for mountain 
agriculture development to address Zero Hunger and poverty reduction (food systems perspectives covering 
production, agroprocessing, marketing and consumption); (4) the country experience: main policies measures, 
initiatives and practices in mountain agriculture development; (5) Strategic consideration and suggestions: policies 
and measures, governance promoting sustainable agriculture development in mountain areas; and (5) conclusion.

Chapter 9 Bangladesh, by Prakash Kanti Chowdhury 
presents the mountain agriculture challenges, 
opportunities and policy entry points of the Chittagong 
Hill Tracts (CHTs) which cover almost one-tenth of the 
whole country and are one of the most economically 
backwards regions of the country, with one of the 
highest malnutrition levels in the world. The lean season 
occurs from May to August; however, due to the high 
risk of natural hazards during the monsoon, it often 
extends into September. Each year it is more di�cult for 
people to cope with the lean season, as food stocks from 
the previous harvest are limited, employment 
opportunities are few and purchasing power is low.

In terms of agriculture in the CHTs, the hills o�er vast 
scope for the cultivation of a diverse mix of crops � 
cereals, pulses, oilseeds, vegetables, �owers and fruits. 
In addition, animal husbandry is an integral part of local 
farming systems. The temperature and climatic 
conditions support the growth of certain fruits and 
vegetable crops that cannot be cultivated in the plains 
and the produce provides higher dividends to cultivators 
in the hills thereby raising their economic status. One of 
the major challenges are land rights. Much of the land of 
indigenous people is unregistered and liable to be lost 
to immigrants, particularly where road networks are 
developed; the insecurity of tenure reduces the 

Figure ES.4  The coverage of Asian countries in the country studies on Mountain Agriculture Development
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incentive for medium- to long-term investments, such as 
horticulture or timber. Instead, short-term investments 
in seasonal crops are promoted, which do not provide 
high incomes for households and are not 
environmentally bene�cial.

Sustainable agriculture development in the mountains 
can be supported by enabling policy and institutional 
reforms, promoting mountain niche products like fruits, 
ensuring tenurial security, generating integrated 
demand driven technology and service delivery, 
enhancing access to production assets and resources, 
credit and markets, and capacity building of farmers with 
strategic considerations of mountain speci�cities, 
biophysical and socio-economic conditions and 
livelihood options of mountain people. The Ministry of 
Chittagong Hill Tracts A�airs (MOCHTA) is responsible 
for the planning, implementation, and monitoring of 
development programmes and projects in the CHT. 
However, the sectoral approach of line ministries and 
the fragmented work of di�erent non-governmental 
organizations often leads to overlap and fails to produce 
the desired development outcomes. To ensure that 
development activities are more e�ective and 
sustainable, and to avoid duplication, MOCHTA should 
be entrusted with the full responsibility of coordinating 
development work in the CHT.

Chapter 10 Bhutan, by Kiran Subedi, Sangay Chophel 
and Loday Phuntsho highlights that Bhutan, as a 
landlocked mountain country, is known for its strict 
environmental conservation policies, with a 
constitutional mandate to maintain at least 60 percent 
forest coverage. Bhutan faces food insecurity and 
malnutrition challenges. The National Nutrition Survey 
of 2015 reported that of children under 5 years old 
21.2 percent were stunted, the prevalence of wasting 
was 4.3 percent, 9 percent were underweight and 
2 percent were overweight. The same survey found 
that the prevalence of anaemia was 43.8 percent for 
children aged 6 to 59 months, 31.3 percent for children 
and youth aged 10�19 years, 34.9 percent for 
non-pregnant women aged 15�49 years, 27.3 percent 
for pregnant women, and 7.8 percent for babies who 
had low birth weights.

Bhutanese agriculture is largely based on the traditional 
subsistence-oriented mixed farming system that 
integrates cropping, livestock rearing and forest 
products. Rice is the staple crop. Domestic production 
accounts for half of the rice requirement. The population, 
particularly the poor, consume maize and other minor 
cereals such as millets and buckwheat to supplement 
their carbohydrate requirement. The principal cash crops 
in temperate areas include apples and potatoes, and in 

the sub-tropics, oranges, areca nut, cardamom and 
ginger are grown. Chilies and vegetables are other 
promising sources of revenue. Over one-third of 
Bhutanese households grow fruit, such as apples, 
oranges, peach, plum, persimmon, pear, banana and 
mango; and nuts, such as walnut hazelnut and betel 
nut. Domesticated animals include cattle, goat, sheep, 
poultry and pigs. There are also �sheries. With abundant 
forests, farmers derive bene�ts including wild edible 
mushrooms, bamboo and cane, fern and fuelwood 
(NSB, 2015).

The mountainous terrain and scattered settlements of 
Bhutan make agro-processing and value addition 
cumbersome and the transport of raw materials is 
expensive and produce can spoil due to roadblock 
delays. Setting up small-scale facilities will allow local 
produce to be sold within local regions. Most agricultural 
and livestock products are sold in raw form, so there is 
immense opportunity for value addition. The farm shops 
(government subsidized outlets for supply of farm 
inputs, groceries and last resort markets for farm 
produce) o�er a buy-back mechanism to cushion 
farmers against price drops and market gluts. 
This mechanism needs �ne-tuning. The initiative of 
One Geog (Sub-district) � One Product needs further 
investment especially in value addition, branding and 
marketing. Another successful country experience is the 
Good agricultural practices (GAP) on sustainable and 
integrated farming in mountain areas. Restrictions on the 
use of chemicals have helped to promote GAP in 
agriculture. Bio inputs need to be promoted. The 
conservation of traditional crop varieties and livestock 
breeds must continue. Sustainable land management 
practices must continue and expand.

Mountain agriculture has a unique set of challenges. 
Considering the limited area of cultivation in the 
Bhutanese mountains, vertical expansion in terms of 
productivity gains through agro-ecological intervention 
and sustainable practices will help to enhance food and 
nutrition security. Policies geared towards empowering 
the farming community need to be formulated and 
implemented. Bhutan�s pristine environment and natural 
way of farming, coupled with support for enterprise 
farming, o�er immense opportunities for making 
farming a pro�table venture and a successful way of 
addressing poverty.

Chapter 11 India, by Parshant Bakshi and Dinesh 
Kumar write that mountain agriculture in India is 
widespread and varied and despite facing 
disproportional challenges compared to other 
agro-ecological regions. The chapter showcases highly 
promising success stories abut crops such as strawberry, 
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sea buckthorn and cardamom as well as agroforestry 
systems that can increase the countries production 
of FSF while simultaneously protecting the country�s 
resource base.

India has seven major mountain ranges with di�erent 
characteristics, challenges and opportunities. 
Among these, the eastern extension of the Himalayas, 
the Purvanchal Range, is one of the wettest places on 
earth, and the Western Ghats constitute one of the 
globe�s top ten biodiversity hotspots. However, due to 
their undulating topography, India�s seven mountain 
ranges face immense challenges to develop their 
potential to produce Future Smart Food and 
simultaneously protect the resource base of the easily 
eroded soil and increasingly overexploited 
water resources.

The government has initiated a myriad of regionally 
targeted initiatives to encourage livelihoods based on 
the production of FSF in these challenging 
environments. Among these, strawberry farming has 
shown to increase farmers income by up to 25 times 
compared to production systems prior to intensi�cation. 
Similarly, cardamom agroforestry systems have become 
a mainstay of Sikkim�s smallholders, supporting many 
livelihoods while maintaining a healthy forest 
environment. Lastly, sea-buckthorn production has 
become a mainstay of many farmers in Ladakh, 
a success that is showcased by the rising popularity of 
the Leh Berry brand that is marketing sea-buckthorn 
juice across the country.

The authors conclude that these success stories should 
encourage further investments in mountain agriculture 
with a special focus on the integration of di�erent 
agricultural sectors such as forestry, livestock and crop 
production as well as more promote research into 
harnessing and protecting the natural resource base in 
a sustainable manner as water scarcity concerns 
continue to rise.

Chapter 12 Lao PDR, by Bounthanh Keoboualapha 
shares the experiences of how Lao PDR is developing 
mountain agriculture for Zero Hunger and how the 
nation is tackling common mountain challenges with 
country-speci�c tactics. Lao PDR is noted as having the 
highest percentage of steepland in the Asia and Paci�c 
region with rich ethnic diversities. The chapter also notes 
that children in rural villages in the northern and 
southern mountain regions are more likely to be 
malnourished than those living in plains and urban areas 
and the central region. The poverty headcount rate in 
2013 for the mountains (midland and upland) is high 
at 28 percent, which is higher than the national average 

of 23.2 percent. And, while poverty rates in the 
mountains have declined faster than the country�s 
average (around 12.1 percent vs. 10.3 percent), mountain 
poverty is still prevalent.

Diversi�cation is crucial and a key measure in building 
nutrition level as well as resilience to climate risks. 
Some forms of traditional farming systems, like shifting 
cultivation, are highly resilient to a range of shocks and 
vulnerabilities in�uenced by external factors. Linking 
farmers with nutritious food, food safety, value-addition, 
and quality of life for food security requires �Good 
Agricultural Practices� (GAPs). In Lao PDR, GAPs are 
widely promoted to produce safe food, while conserving 
the environment and increasing the income of farmers. 
For instance, in the Huaphan province in Northern 
Lao PDR, benzoin production from indigenous trees 
were supported by the government to increase cash 
income for mountain communities. The blend of 
indigenous technical knowledge and modern tree 
planting techniques to produce an export product with 
a ready market is increasingly attractive to farmers. 
They also bene�t from technical assistance related to 
value-added processing at the family and 
community levels.

Socio-economic development for agricultural 
diversi�cation and intensi�cation with increased 
production and productivity, improved value-addition, 
and expanded marketing and sales has occurred in 
the �atlands along the Mekong corridor. The upland 
mountains have not bene�ted as expected despite the 
abundant agricultural production base and rich natural 
resource endowments which o�er great potential for 
agricultural diversi�cation and intensi�cation. In rural 
mountainous areas, acute poverty, chronic malnutrition 
and natural resource degradation are still prevalent. 
Rural development addressing the current poverty and 
malnutrition rate to end poverty and achieve 
Zero Hunger would require more targeted, 
multi-sectoral and interdisciplinary e�orts in terms of 
research and development, and monitoring and 
evaluation. The supports from development partners 
will be crucial as Lao PDR has committed to graduate 
from the Least Developed Country status by 2020 and 
mountain agriculture can help the nation achieve 
this aim.

Chapter 13 Myanmar, by Sai Than Aung introduces 
mountain agriculture in Myanmar and the importance 
of using the nation�s ecosystem service to develop 
diversi�ed value-added products to increase food 
security and boost the rural population�s income. The 
mountain regions of Myanmar are fund in �ve states 
namely Kachin, Kayah, Kayin, Chin and Shan. This region 
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has a population of about 6.5 million, with the majority 
living in the Shan State. There are 118 ethnic groups 
in the mountain region. Most farmers cultivate a wide 
range of rainfed tree crops and horticulture products 
along with rice, maize and pulses. Sadly, according to the 
Myanmar Poverty and Living Condition Survey (MPLCS) 
2017 conducted by the World Bank, poverty rates in 
mountain regions were higher than national poverty 
rate. Human resource development and economic 
reform implementations are also insu�cient in 
Myanmar�s mountain region.

Tackling poverty and food insecurity in Myanmar means 
realizing the huge potential of mountain regions when 
it comes agricultural diversi�cation and sustainable 
intensi�cation. This means diversifying crops and moving 
from staple production to systems that mix crops with 
Future Smart Foods and shifting from monoculture to 
diversi�ed and integrated farming systems, animal 
production and grazing systems, conservation 
agriculture, etc. Myanmar government has taken on the 
global GAP and ASEAN GAP initiative to provide 
protocols and guidelines for some of these unique 
products in mountains, for instance, the GAP farming 
and certi�cation are in place for mango, avocado, co�ee, 
tea and sesame in both Shan and Kayah states.

The vision for Myanmar agricultural development in 
2030 is to have �an inclusive, competitive, food and 
nutrition secure and sustainable agricultural system that 
contributes to the socio-economic wellbeing of farmers 
and rural people and the further development of the 
national economy�. Mountain agriculture is going to 
be a vital part of the country�s farming systems and will 
require special attention and innovative intervention if 
Myanmar is to reach its SDG2. Agriculture in Myanmar 
has changed greatly over recent years, moving from 
subsistence to commercial farming in some 
mountain areas, where accessibility and market facilities 
have improved. But most areas still rely on traditional 
farming practices for their livelihood. Further economic 
opportunities certainly exist as most of the mountain 
region is located on the strategic Asian highway 
network. Factors such as good communications, 
transportation and trade policy and the future of 
AESAN +3 will further a�ect farming, so there needs to 
be a drive to ensure that there are no undesirable 
impacts on the environment or overuse of resources.

Although Myanmar has some success stories in terms of 
mountain agriculture, many challenges and constraints 
remain. There needs to be greater awareness about the 
role and importance of mountain agriculture among 
public and all stakeholders. Systematic survey, 
assessments, plans, programmes, projects, action plans 

and activities need to be formulated in conjunction with 
international communities, institutions and 
development partners, based on the framework of 
Myanmar Agricultural Development Strategies. To 
embark on this economic opportunity, Myanmar needs 
to prepare for the future of mountain agriculture and 
actively participate with international institutions 
and entities.

Chapter 14 Nepal, by Rabindra Subedi and Manoj 
Kumar Yadav shows that Nepal�s Agriculture 
Development Strategy and the Prime Ministers 
Agriculture Modernization Plan are promising e�orts to 
revitalize food insecure and poverty stricken 
mountain areas of Nepal through improved production 
and processing of future smart foods such as �nger 
millet, buckwheat, fruits (e.g. apple, walnut, almond, 
and peach), vegetables (e.g. cabbage, cauli�ower, carrot, 
and radish) and medicinal and aromatic plants.

Mountainous regions comprise more than 75 percent of 
the country and host a large but decreasing part of the 
population. Migration rates to urban areas, the �at and 
economically dynamic Terai region or other countries are 
increasing as a response to high poverty and levels of 
food insecurity levels in these areas as well as the 
insu�cient infrastructural connectivity to the wider 
economy. In response to these trends the Government 
of Nepal is investing in targeted e�orts to support 
agriculture-based livelihoods through a range 
of initiatives.

These initiatives address multiple constraints including 
establishing more decentralized food processing centres 
to provide timely market information and value addition 
in the mountain regions, promoting conservation 
agriculture to combat soil erosion and fertility loss, 
and improving general institutional and governance 
frameworks to support all of the population in 
establishing mountain agriculture based livelihoods. For 
example, the Prime Minister�s Agriculture Modernization 
Plan declared crop speci�c development zones in more 
than 10 mountain district covering more than 500 ha.

The authors conclude that Nepal has initiated ambitious 
policies to achieve the Zero Hunger target and reach 
national food self-su�ciency. Their success will depend 
on continuous e�orts to follow through with these 
ambitions through cooperation and coordination 
between all three levels of the Government of Nepal.

Chapter 15 Pakistan, by Umar Farooq and Abdul 
Wahid Jasra raises the importance of developing 
mountain agriculture in Pakistan and realizing the goal 
of �capitalizing the potential of mountain 
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agro-ecological zones� in Pakistan�s National Food 
Security Policy. In Pakistan, more than three-�fths of the 
total geographical area consists of mountains and 
rangelands that accommodate more than 50 million 
people. Most of the rangelands are degraded due to 
increasing pressure from human and livestock 
populations coupled with frequent droughts. The fragile 
mountain ecosystems su�er from degradation of 
vegetative cover, deterioration of soil, and reduced 
livestock productivity, which has further impoverished 
pastoral communities. However, the contribution of 
mountainous regions and rangelands to livestock 
production and high-value agricultural commodities in 
Pakistan cannot be ignored.

The contribution of mountainous regions to the 
production of high-value agricultural commodities in 
Pakistan cannot be ignored. These high-value 
agricultural commodities, i.e. fruits, vegetables, nuts and 
animal-based products, can be harnessed by adopting 
cluster-based value chain approach. However, there is 
a lack of e�cient marketing links, market information 
and infrastructure required for cluster-based value chain 
development. Institutional support is available for 
mountain communties, but most of these institutions 
operate in isolation or are con�ned to small pockets 
that are inaccessible to most. Provincial rural support 
programmes, which endeavour to connect with 
mountain farmers, have not had signi�cant impact. 
In order to rejuvenate and improve farming in 
mountainous areas, a multi-dimensional approach with 
institutional collaboration is needed.

In Pakistan, sustainable development of mountainous 
agriculture requires a long-term investment in a 
comprehensive and integrated approach involving 
policy, socio-economic and institutional aspects, as well 
as governance, natural resource management and 
crop�livestock improvement. At the same time, it is 
important to holistically address the environmental, 
economic, social, cultural, and political issues to ensure 
the sustainable development of mountain agriculture. 
Several suggestions have been put forward to address 
these aspects for policy planners, development 
practitioners, R&D organizations, civil society 
organizations, and social networks working in and 
for these areas.

Chapter 16 Viet Nam, by Luu Ngoc Quyen, Le Huu 
Huan, Nguyen Thi Thanh Hai and Le Khai Hoan explains 
how Viet Nam develops its mountainous regions and the 
Northern midland, the core region for socio-ecosystem 
diversity and accounts for almost 30 percent of the 
country. Around 85 percent of the area has sloping land 

with many high mountain ranges integrated with 
valleys, from the highest mountain (Fansipan at 3 142 m) 
to the Hoa Binh Valley (20 to 30 m above sea level). 
This topography creates diverse climates with forest 
vegetation and crops adapted to di�erent elevations. 
In terms of mountain population, it is also a 
highly-diversi�ed region, including 30 ethic groups with 
their own cultural characteristics and farming practices. 
Interestingly, the Northern Midland and mountainous 
region have experienced signi�cantly faster GDP growth 
than the country overall. This can be explained by the 
country�s policy attention to these regions, as well as the 
unique bene�ts that mountain agriculture can bring to 
Viet Nam�s economic development and food security.

The diversity of topography, slope, climate and farming 
practices in the mountainous areas supports a range of 
farming systems, which can be grouped by slope and 
elevation. Food crops such as rice, maize and cassava 
are important for food security. However, the main 
niche product is tea. In particular, high altitude areas 
with a suitable chilling temperature are very good for 
high-quality Shan tea varieties. Fruit trees also have been 
increasingly used to take advantage of the diverse 
natural conditions, especially temperate fruit trees that 
can generate signi�cant income to the local farmers. 
More importantly, the large forest areas in the 
mountainous regions provide sustainable exploitation 
of the forest using a series of agroforestry models. 
Conservation agriculture, such as mulching, minimum 
tillage and intercropping with legumes, are other 
options for protecting the environment and controlling 
soil erosion. Such systems will need crops adapted to 
and suitable for the local conditions that could also 
contribute to a more nutritious diet, e.g. FSF.

The Viet Nam government has explored di�erent options 
to manage these challenges and provided value-added 
measures and activities for mountain specialty products. 
Models of cooperative chain organization associated 
with processing and consumption have been bene�cial 
for the region. Typically, enterprises and production 
households are linked through purchase contracts. 
In short, the Northern Midland and Mountainous region 
of Viet Nam plays an important role in national security 
and environmental protection. Socio-economic 
development in the region promotes natural resource 
conservation and the sustainable development of 
Viet Nam. To achieve Zero Hunger in time, the region 
needs further support to target market-driven 
agricultural production, build links between producers 
and enterprises, develop value chains for mountain 
specialty products, integrate agriculture with tourism, 
and create jobs.
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Part IV Conclusions, recommendations and the way forward
Chapter 17 Conclusions, recommendations and the way forward for the sustainable development of 
mountain agriculture to enhance food security and nutrition, by Mahmoud El Solh, Kadambot H.M. Siddique 
and Xuan Li presents conclusions of this publication, that includes the recommendations, mountain agriculture�s 
implications for food security and nutrition governance and the way forward.

Recommendations
To address the various challenges facing mountain 
ecosystems and agriculture, the International Workshop 
and Regional Expert Consultation event o�ered a set 
of policy and programming recommendations for the 
sustainable development of mountain agriculture to 
enhance food security and nutrition governance in Asia 
and contribute to the Zero Hunger initiative. The 
Workshop and Regional Expert Consultation event 
o�ered various approaches/modalities for the way 
forward for sustainable mountain agriculture 
development to enhance food security, nutrition 
governance, and improve livelihoods in the region. 
This will contribute to the eradication of poverty and 
hunger, which are global and regional priorities as 
speci�ed in SDG 1 and SDG 2. It is, therefore, an 
essential component of the FAO Regional Initiative on 
Zero Hunger, based on country needs, regional priorities, 
and all Strategic Programmes. It is important to ful�ll the 
strong desire of countries for knowledge sharing and 
lessons learned at the regional level to promote 

sustainable mountain agriculture in practice for 
enhancing food security and nutrition in mountain areas 
to contribute to Zero Hunger and poverty reduction.

The Workshop and the Expert Consultation concluded 
their deliberations with the following recommendations 
that need to be implemented at the national and 
regional level to contribute to the sustainable 
development of mountain ecosystems and agriculture 
(Figure ES.5).

1 Policy, socioeconomic and institutional support
The Workshop participants emphasized the 
importance of developing an enabling policy 
environment by considering the socioeconomic 
conditions of mountain people, the challenges 
facing both mountain ecosystems and agriculture, 
and the institutional support required for its 
sustainable development. The following are speci�c 
recommendations for consideration and 
implementation by countries to develop an enabling 
policy environment and institutional support:
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Implications for food security and nutrition 
governance
The sustainable development of mountain ecosystems 
and agriculture is critical for improving food security and 
livelihoods in vulnerable mountain communities and 
protecting mountain natural resources, namely water, 
soil and biodiversity. These natural resources are also 
important for food security and improving the 
livelihoods of people living in the surrounding lowlands. 
Considering the implications to both upstream and 
downstream populations, at least one billion people are 
a�ected by the sustainable development of mountain 
ecosystems and agriculture.

Mountain people make use of the variation in climates 
at di�erent altitudes, with di�erent exposures to sunlight 
from season to season (FAO, 2011). Traditional land-use 
systems for agricultural production make use of climate 
variations through sophisticated techniques. Mountain 
areas have diverse agro-ecologies and as a result, 
mountain agriculture has di�erent production systems 
for farming and natural pastures, including 1) pastoral, 
2) agro-pastoral systems (both are important to livestock 
production), 3) rainfed and 4) irrigated production 
systems and 5) forestry and agroforestry. Both rainfed 
and irrigated production systems are important for �eld 
crops such as rice, wheat and corn, and horticultural 

' Shutterstock/Arun Sankaragal
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Figure ES.5 An integrated approach for the sustainable development of mountain agriculture

Source: El Solh, 2014
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crops including fruit trees and vegetables. 
The production of livestock, �eld and horticultural crops 
are the basis for food security and nutrition.

Mountain areas have many NUS that may be important 
Future Smart Foods if special attention is given to their 
nutritional value and adaptation to harsh environments 
and variable climatic conditions. It is important to assess 
the nutritional value and adaptation to prevailing NUS 
in the traditional mountain communities. Furthermore, 
nutritional value assessments will shed light on their 
potential to become important commercial crops at 
national, regional and global levels. A good example is 
quinoa, which originated in the traditional communities 
of the Andes Mountains in Latin America that has 
become a globally important food because of its high 
nutritional value.

The way forward
The policy, technical, and regional and international 
cooperation recommendations presented above should 
be adopted and implemented by national authorities 
and specialized regional, international and United 
Nations organizations (where FAO can play an important 
coordinating role). The implementation of these 
recommendations will contribute greatly to healthy 
mountain ecosystems and utilize the full potential of 
mountain agriculture. This will not only contribute to 
global food and nutrition security but also ensure 
the continued services and resources that contribute 
70 percent of freshwater resources and various sources 
of renewable energy to the world community. 

Both water and energy are critical to the 
water�energy�food nexus essential for food and 
nutritional security, environmental sustainability and 
poverty reduction.

The sustainable development of mountain agriculture 
requires the leadership from the government to place 
mountain agriculture in the centre of national and 
sub-national policies related to Zero Hunger and 
poverty reduction, and long-term investment in a 
holistic and integrated approach involving policy, 
socioeconomic, institutional aspects, natural resource 
management, and crop and livestock improvement. 
The investment should be followed by integration 
among all these factors in farmers� �elds to achieve 
synergy as a result of the integration of these three 
important themes 1) sustainable natural resource 
management and inputs; 2) crop and livestock 
improvement, and 3) socioeconomic, enabling 
policies, and institutional support.

Negligence of mountain areas, where about one billion 
people reside, has contributed greatly to global poverty, 
food insecurity and malnutrition. It is essential that 
governments develop specialized institutions at the 
national level to address the multilateral challenges 
facing the sustainable development of mountain 
ecosystems and agriculture. These institutions need to 
implement the policy, technical and regional 
cooperation recommendations to improve livelihoods, 
reduce poverty and enhance food and 
nutritional security.
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Table 1.1  Distribution of vulnerable rural mountain populations living in developing countries of the Asian 
region in 2012

Subregion

Number of 
vulnerable mountain 

people (’000) Percentage 
change 

2000�2012 (%)

Distribution of 
vulnerable mountain 

people (%)

Vulnerable mountain 
people out of total 

mountain people (%)

2000 2012 2000 2012 2000 2012

Central Asia 2 023 3 136 55 1.3 1.6 28 34

Eastern Asia 84 449 93 595 11 55 49 35 42

Southeastern Asia 18 257 21 532 18 12 11 36 41

Southern Asia 35 181 54 150 54 23 28 38 42

Western Asia 12 655 20 364 61 8 11 28 34

Total 152 564 192 778 26 100 100 35 41

Source: FAO, 2015a

rangelands that support a population of more than 
50 million people (Pakistan Bureau of Statistics, 2010). 
As mountains occupy such a huge amount of land 
surface without the possibility of people being relocated 
in most Asian countries, developing an e�cient systems 
of mountain agriculture is vital.

Thirdly, the livelihood of large segments of mountain 
populations depends heavily on mountain agriculture. 
For instance, in the northern mountain regions of 
Viet Nam and the Uttar Pradesh region of the Central 
Himalaya in India, more than 90 percent of the workforce 
is involved in agriculture. (Jenny and Egal, 2002) Notably, 
the poverty rate in the Northern Midland and 
Mountainous region of the northern Viet Nam is high 
and was three times higher than the country�s average 
in 2016. Three provinces out of 15 northern provinces 
in this region have extremely high rates of poverty: 
Dien Bien (44.8 percent), Son La (31.9 percent), and 
Ha Giang (38.8 percent) (MOLISA, 2017). This means 
that a focus on ensuring mountain agriculture is 
used as a tool to improve mountain people�s livelihoods 
is essential.

So, from a Zero Hunger perspective, countries have no 
option but to develop mountain agriculture to ensure 
that �no one is left behind�. In the context of SDGs, in 
view of UN Decade for Family Farming 2019�2028, the 
UN Decade of Action on Nutrition 2016�2025, and 
the UN Decade on Ecosystem Restoration 2021�2030, 
strengthening mountain agriculture is considered a 
priority towards Zero Hunger and poverty reduction in 
Asian countries.

How could mountain agriculture be developed? While 
mountain ecosystems are fragile and subject to natural 
drivers of change, mountains represent unique 

opportunities for agricultural development, especially 
through the production of mountain speciality products. 
This is because mountains host approximately 
one-quarter of all terrestrial biodiversity and nearly half 
of the world�s biodiversity hotspots. Mountain 
agriculture has huge potential for enhancing food 
security and nutrition as well as dietary and production 
diversity based on the abundant agrobiodiversity in 
mountain ecosystems. Strengthening and enhancing 
traditional farming systems will increase the resilience 
of small-scale farmers. Mountains are often also home 
to diverse cultures and stunning scenery that can 
attract tourists � another potential revenue stream. 

This publication, Mountain Agriculture: Opportunities 
for harnessing Zero Hunger in Asia focuses on the 
opportunities that mountain agriculture o�ers to achieve 
Zero Hunger and improve the livelihoods of mountain 
populations, and on removing constraints that hinder 
the development of sustainable mountain agriculture. 
As an entry point, this publication emphasizes the 
opportunities that mountain biodiversity o�ers for Zero 
Hunger. Promoting Future Smart Food (i.e. Neglected 
and Underutilized species that are nutrition-dense, 
climate-resilient, economically-viable and locally 
available or adaptable) with mountain specialty is 
considered a good option (FAO, 2018).

Against this background, the FAO and its partners regard 
it timely to focus on mountain agriculture as a theme 
for addressing Zero Hunger and poverty reduction. 
A series of activities have been initiated, including an 
International Workshop and Regional Expert 
Consultation on Strengthening Mountain Agriculture 
Development and Food Security and Nutrition 
Governance (hereafter, �the Mountain Consultation�), to 
consider the above-mentioned key issues in 
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mountain areas in depth. This publication presents a 
regional overview on mountain agriculture development 
based on thematic analysis and national studies. 

1.2  Why mountain agriculture 
deserves special attention 

1.2.1 About mountain agriculture
Mountain agriculture is broadly de�ned as agricultural 
activities on land surfaces at higher elevations including 
cropping, horticulture, forestry, animal husbandry, 
water harvesting, and a variety of conservation 
practices (Jodha, 2009).

Mountain agriculture is an essential resource for 
supplying food to the population, producing typical 
nutritious and high-quality products, preserving and 
maintaining the cultural landscape, including tourism 
(ecosystem services), and protecting the soil against 
erosion, avalanches and �oods (Alpine Convention, 
2017). The share of food production in the mountainous 
areas of each country strongly depends on the 
proportion of mountain land relative to the total land 
area, the area of land devoted to agricultural and food 
production, the availability of water resources, and the 
products grown, and productivity. This is because some 
speci�c products are more widespread than others in 
mountain areas (Alpine Convention, 2017). Because of its 
constraints (topography, di�cult climatic and water 
conditions, remoteness etc.), mountain agriculture plays 
a complementary, but often important, role in country�s 
agricultural sector.

Mountains have distinct features for agriculture 
development that include steep, sloping sides and sharp 
or slightly rounded ridges and peaks. Cultivation areas 
are often small, dispersed at di�erent altitudes, with 
many di�erent climates and with limited use for 
mechanization. However, there are high plateau areas 
that are considerably �at across large areas but high with 
elevations like the Tibet plateau which is more than 
2 000 m in elevation. Accessibility is a key issue in 
mountain agriculture. Prevailing farming systems in 
mountain areas include family farms and smallholder 
agriculture, forestry and animal husbandry based on 
natural pastures.

Genetic diversity in agriculture is an important 
prerequisite for food security. (FAO, 1997) Mountains 
hold much agro-genetic diversity, o�ering huge 
potential for local nutritious and diversi�ed food. 
Consequently, mountain agriculture o�ers 
opportunities for high crop diversi�cation, integrated 

forests and husbandry activities, with a low carbon 
footprint. It should be noted, however, that many 
mountain farmers have abandoned their traditional and 
diversi�ed agricultural systems, and increasingly rely on 
a single cash crop for their livelihoods (FAO, 2011). 
Traditional knowledge on local foods and agricultural 
practices has been eroding and agricultural diversity 
has been declining.

1.2.2  Agro-climatic distinctions between 
mountains and plains

According to FAO, it is estimated that around 45 percent 
of the world�s mountain areas are not, or only marginally, 
suitable for growing crops, raising livestock or carrying 
out forestry activities (FAO, 2015b). Mountain agriculture 
is impacted by highly di�erentiated climatic conditions 
due to altitude, large daily and seasonal temperature 
�uctuations and changes in aspect and exposure within 
short distances. (FAO, 2015b). Consequently, crop growth 
is slower due to the lower temperatures at high altitudes 
and, accordingly, farmers can only harvest one crop per 
year. (FAO, 2015b). The particular agro-climatic features 
of mountain environments and their impacts on 
mountain agriculture are listed below:

Climate: the climatic di�erences between mountains 
and plains are driven by temperature and precipitation. 
The temperature decreases with increasing elevation 
(Barrow, 2013). In terms of precipitation, mountains tend 
to have wetter climates than the surrounding lowlands, 
due mainly to orographic e�ects. Consequently, 
mountains receive in general more precipitation than 
low-lying areas (Barrow, 2013). However, mountain 
precipitation is not equally distributed in areas with 
the same elevation due to di�erentiated topography. 
Depending on the dominant air circulation patterns 
in many mountain areas, a signi�cant proportion of 
precipitation falls on the windward side of mountains 
whereas the leeward side lies in the �rain shadow�. 
A typical example is the Himalayan range: whereas 
the southern slopes receive ample monsoon rains, 
the northern slopes are in the rain shadow resulting in 
arid or semi-arid conditions (Ladakh, Mustang, Tibetan 
Plateau), (Barrow, 2013).

Vegetation and biodiversity: The di�erentiated 
topography and the diversity in climatic conditions 
result in a large variety of ecosystems and rich 
biodiversity: in di�erent elevations di�erent plants and 
animals are available. Ecosystems can di�er over short 
distances due to the changes in altitude and 
temperature along a mountain slope. Ecosystems can 
also be very di�erent at the same elevations depending 
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In short, mountain environments o�er a highly 
diversi�ed environment for a variety of diversi�ed 
agricultural systems. However, promoting these 
diversi�ed mountain agriculture systems requires 
improved technologies as well as investment in 
infrastructure, research and technology transfer to 
farmers. The potential for mountain agriculture lies in 
high value specialty or niche products, which have a 
high market value, in addition to its great potential in 
contributing to global food security and nutrition 
provided it receives and well-deserved support in 
investment in infrastructure and technology transfer 
for sustainable agriculture development.

1.3  What opportunities does 
mountain agriculture o�er 
toward Zero Hunger?

Mountain agriculture o�ers enormous potential for 
meeting Zero Hunger targets. Food security and 
nutrition are the core of Zero Hunger (SDG2). According 
to the de�nition of food security in The State of Food 
Insecurity 2001, �food security exists when all people, 
at all times, have physical, social and economic access 
to su�cient, safe and nutritious food which meets their 
dietary needs and food preferences for an active and 
healthy life� (FAO, 2003). As such, food security 
encompasses four main dimensions: food availability, 
food access, food utilization and food stability (Table 1.3). 
It also stresses the issue of diversity beyond a certain 
amount of food consumed. For food security objectives 
to be realized, all four dimensions must be ful�lled 
simultaneously (FAO, 2008). While mountain agriculture 
often su�ers from inaccessibility, seasonality and fragility, 
it has comparative advantages with its climatic and 
ecological speci�cs and potential to provide su�cient, 
safe and nutritious food for all, especially inhabitants of 

mountainous areas. This section demonstrates how 
mountain agriculture could contribute to satisfying all 
four dimensions of food security.

1.3.1 Expand food availability
Mountains have the potential to increase total 
agriculture production for su�cient, nutritious and safe 
food, as mountain speciality products, based on the 
magnitude of vast but underdeveloped land areas, a 
high level of topological diversity, agroclimate speci�cs 
of mountain regions, and di�erent growing seasons.

A Increase the availability of su�cient food 
Mountain areas have a substantial comparative 
advantage for a wide range of fruit, nuts, vegetables, 
livestock and by-products, and other high-value 
products, most of which are potentially Future Smart 
Foods (FSF) that could contribute to the 
improvement of food availability of su�cient, 
nutritious and safe food and address food shortages.  
(NUS) are neglected and underutilized species (NUS) 
that are nutrition-dense, climate-resilient, 
economically-viable and locally available or 
adaptable (FAO, 2018). (for more elaboration on FSFs 
see Chapter 3). For example, mountain and hill 
regions in Nepal contribute 42 percent of total 
national vegetable production (MoAD, 2015), which 
makes a signi�cant contribution to the national 
production of fruit and vegetables. In terms of 
contribution, the mountain areas of China 
(e.g. Yunnan Province) perform much better than 
mountain areas in the other Hindu Kush Himalayan 
(HKH) countries (Hussainetal, 2016), (Rasul and 
Saboor, 2019).

The land topography in mountain areas o�ers 
opportunities to grow a variety of high-value crops, 
horticulture, livestock and forest species, alone or 

Table 1.3 Four main dimensions of food security

1 Physical availability of food Food availability addresses the �supply side� of food security and is determined by 
the level of food production, stock levels and net trade. 

2 Economic and physical access 
to food

An adequate supply of food at the national or international level does not in itself 
guarantee household food security. This is why a�ordability of food available is an 
important component of food security.

3 Food utilization Utilization is commonly understood as the way the body makes the most of the 
various nutrients in food to ensure balanced nutrition. It matters for the nutritional 
status of individuals.

4 Stability of the other three 
dimensions over time

Even if an individual�s food intake is adequate today, they are considered food 
insecure if they have inadequate access to food on a periodic basis, risking the 
deterioration of nutritional status and if production or physical availability is 
reduced to changes in environment and investment.

Source: FAO, 2008
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in combination, on slopes and terraces. This would 
create an opportunity to adopt site-speci�c 
agroforestry systems integrating crops, trees, 
vegetables, fruits, pastures, and livestock (Chapagain 
and Raizada, 2017). Diversi�cation of agriculture 
production contributes to better nutrition, more 
income to improve livelihoods and increases the 
resilience of farmers. In Nepal, for example, the 
principal �eld crops grown on terraces are maize 
(Zea mays L.) and rice (Oryza sativa L.); FSF such as 
the common bean (Phaseolus vulgaris L.), �eld pea 
(Pisum sativum L.), and wild legumes can be 
cultivated depending on the season and farmers� 
interest (Riley et al., 1987; Dach et al., 2013). 
In Pakistan, the cultivation of horticultural crops in 
mountain areas is increasing, although of total 
cultivable land, more than 10 percent was used for 
fruit production and 9 percent for vegetable 
cultivation in Gilgit-Baltistan (GB) Province and 
22 percent and 3.7percent, respectively, in 
Balochistan Province in 2011�12 (Rasul and Hussain, 
2015). Balochistan, which occupies the most 
southeastern portion of the Iranian Plateau and 
is noted for its extremely dry desert climate, 
contributes substantially to the national production 
of apple, apricot, cherry, �g, grapes, peach, 
pomegranate, plum and almond. Khyber 
Pakhtunkhwa Province contributes signi�cantly to 
the national production of apple, �g, loquat, peach, 
pear, persimmon, plum, and walnut; while the 
smaller mountain areas of Federally Administered 
Tribal Areas and GB in the northern dry mountains 
contribute signi�cantly to the production of apricot, 
cherry, �g, mulberry, and walnut (Rasul and 
Hussain, 2015).

Fallow land in mountain areas can be used to 
contribute to food availability. During the dry season, 
when most highlands are left fallow after harvesting 
the main �eld crops, food availability could be 
improved by introducing FSF. Such FSF can grow on 
the moisture remaining from harvests in the rainy 
season or drip irrigation, combined with integrated 
farming practices such as intercropping and relaying 
cropping, which can utilize fallow land for planting 
forages, along with planting of the main crops and 
other high-value crops. For instance, India has 
actively integrated pulses into rice fallow on a large 
scale. The selection of crops and varieties with 
di�erent root architecture (i.e. longer and �ner roots, 
more root tips, greater branching angle, and lower 
shoot:root ratios) and in situ moisture conservation 
practices (e.g. ridging, mulching) may help to 
minimize irrigation requirements during dry periods 
(Rasul and Hussain, 2015).

Mountains are an important resource for livestock 
raising, which plays a pivotal role in the lives of 
mountain farmers, and provides manure that 
enhances soil fertility. Nearly 70 percent of mountain 
land is used for grazing. Livestock not only produces 
food items such as milk, butter, and meat, but 
valuable by-products such wool. The wide range of 
animal genetic resources in mountains is a valuable 
foundation for development of the livestock sector. 
For example, mountain pastoralists in Pakistan have 
a highly treasured livestock genetic resource pool 
with special traits bred into animals that ensure they 
are adapted to the rugged terrain, steep slopes, and 
poor-quality forage, as well as being disease resistant. 
Such livestock�s productive and reproductive 
performances relative to body weight are higher 
than those of advanced breeds 
(Rasul and Hussain, 2015).

B Increase the availability of nutritious food
Mountains can provide a huge amount of nutritious 
food. Mountains are rich in biodiversity, which 
contributes to the provision of nutritious food 
necessary for healthy and diverse diets. Biodiversity 
can be measured at three levels: the highest level 
is food group diversity (e.g. cereals, dark green leafy 
vegetables and fruits), the next level is within a food 
group (e.g. mango, banana and apple) and the 
lowest level is within a species (e.g. types of 
cultivated apple and unnamed local and wild 
varieties) (Kennedy et al., 2017). The unique 
agroclimatic conditions in mountain regions and 
their di�erent growing seasons allow the mountains 
to provide diversi�ed food at all levels and so are 
home to a wide range of nutritious food groups and 
intragroup diversity with thousands of varieties of 
fruits, vegetables, fruits, grains, legumes, seeds, nuts, 
animal breeds, �sh, honey, insects and fungi. While 
they tend to contribute a small amount of caloric 
energy globally, they play an important role of 
nutrition security and make an important 
contribution to dietary diversity. For example, 
in Viet Nam, wild vegetables contribute 43 percent 
(Central Highland) of the total weight of vegetables 
consumed (Kennedy et al., 2017). These species are 
often higher in micronutrients (vitamins, minerals) 
and macronutrients (fats and protein) than their 
more widely cultivated exotic counterparts, and 
include wild food species such as indigenous fruit 
trees, indigenous leafy vegetables and wild plant 
and animal species (Kennedy et al., 2017). These 
species often qualify as FSF, being NUS that are 
nutrition-dense (enhance nutrition), climate-resilient 
(e.g. require low inputs, promote climate change 
resiliency, environmentally friendly by reducing 



MOUNTAIN AGRICULTURE Opportunities for harnessing Zero Hunger in Asia

MOUNTAIN AGRICULTURE Opportunities for harnessing Zero Hunger in Asia10

runo� and erosion, economically viable (generate 
income and reduce female drudgery) and locally 
available or adaptable (FAO, 2018b).

C Increase the availability of safe, organic and 
healthy food
Mountain agriculture has a comparative advantage 
for the production of safe and organic products. 
For instance, in India�s Central Himalayan Region, 
women farmers are knowledgeable in traditional 
agricultural practices that use no chemical inputs. 
Organized by agricultural microenterprises, 
2 800 women farmers have increased supply and 
capitalized on the growing demand for organic 
products. Eighteen di�erent types of traditional crops 
are marketed in Indian cities, including buckwheat, 
horse gram and foxtail millet. Recognizing its high 
quality, a Japanese company has begun purchasing 
foxtail millet in bulk for the preparation of baby foods 
(Khalid and Kaushik, 2008).

Mountains have a unique advantage for producing 
speci�c medicinal plants. For instance, in South Asian 
countries, many mountainous plants have medicinal 
functions, such as the rare White Garcinia fruit, 
which is found in the forests of southern India, and 
is used in Ayurvedic medicine to treat severe gastric 
re�ux. In the Pamir Mountains, sa�ower, purslane, 
black cumin, sea buckthorn and wild rose, among 
others, are used to treat common ailments 
(Kennedy et al., 2017).

1.3.2 Improve food access
Hunger is a consequence not only of food shortage but 
of inadequate food access. Food access in mountain 
communities is linked to being able to 1) meet 
mountain household requirements for food by 
producing them locally or 2) generate income from 
mountain products and services such as crop 
production, livestock production, forestry and tourism 
to purchase food and other household requirements. 
Mountain agricultural production sustains the 
household�s own food needs, with any surplus bartered 
for food or non-food items. An increasing level of 
monetary income can lead to cash availability for many 
mountain households and so improve their food access. 

A Improve mountain household access to 
food directly
Mountains have the potential to enhance food 
access for mountain people directly. Mountain 
communities are home to  some of the poorest 
people and they rely on subsistence farming. 
What people eat depends largely on what they grow 
and raise in the area in which they live. In Pakistan, 

almost 61 percent of the geographical area is 
mountainous and accommodates nearly 40 million 
people, whose livelihoods and food security depend 
heavily on the local resource base at all elevations 
(Rasul and Hussain, 2015). Agriculture, livestock, 
and horticulture are the main sources of mountain 
livelihoods, with livestock becoming more important 
than arable farming at higher elevations (Rasul and 
Hussain, 2015). In the absence of other means of 
subsistence, livestock provide the mainstay of more 
than 75 percent of the rural population (Rasul and 
Hussain, 2015). While crop growth in mountains is 
slower at higher altitudes and mountain farmers 
often rely on only one harvest per year from their 
land, the rich agro-biodiversity in mountain areas, 
if properly managed, can result in dietary 
diversi�cation that contributes to food access. 
For example, Nepal has prioritized crop diversi�cation 
and introduced high-yield varieties of Future Smart 
Food, such as buckwheat, �nger millet, foxtail millet, 
etc. which generates higher yield for mountain 
households to access to nutritious food.

B Improve access to food by generating income 
from the sale of mountain products and 
services indirectly
Mountain agriculture can improve access to food 
through income generated from planting, 
harvesting, raising and selling of mountain products 
and services (such as eco-tourism) indirectly, which 
enables mountain farmers to buy food they need. 
For instance, in Bhutan, mountain farmers earned 
income from planting citrus fruits, especially the 
mandarin orange., which tops the list of horticultural 
exports from Bhutan: in 2014/15, more than 
25 500 MT of mandarin orange were exported to 
Bangladesh and over 8 900 MT to India (Molden, 
2015). In Nepal, ginger is an important high value 
commodity which provides notable export 
opportunity: The country produced 11.5 percent of 
world�s total ginger in 2008, becoming the fourth 
largest producer (Molden, 2015). In Bangladesh, 
popular high value mountain products include jhum 
products like foxtail millet, black and brown sticky 
rice, colocacia, cucurbits, cotton, beans and other 
legumes; bamboo and cane products; and other 
products like cashew nut, co�ee, and mushroom 
(Molden, 2015). Livestock brings good opportunities 
to earn income through increased livestock 
productivity and the growing volume of by-products 
such as pashmina wool. For instance, in Khyber 
Pakhtunkhwa (KPK), the Ajar pastoralist community 
(around 7 500 landless  households) market small 
ruminants worth USD 68 million per year. (Rasul and 
Hussain, 2015). Enhanced and adapted mountain 
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agriculture systems, such as terraces, can improve 
incomes and attract eco-tourism. Terraces can grow 
legumes, vegetables, spices, and �owers to cover 
unused vertical slopes increasing land productivity 
and economic returns. In Nepal, growing chayote, 
pumpkin, and yam on terrace walls can provide up 
to USD 100 of additional income per household 
(Chapagain and Raizada, 2017). Rice terraces in China 
are a good example of a way where communities 
gain income from eco-tourism. The Hani Rice 
Terraces in Yuanyang, China,were inscribed on the 
FAO Globally Important Agricultural Heritage 
Systems (GIAHS) List in 2010 and on the UNESCO 
World Heritage List in 2013 which increased the 
number of tourists and income from tourism with 
the endorsement of the agricultural heritage systems 
(Chapagain and Raizada, 2017).

1.3.3 Improve food utilization
Food utilization a�ects the nutritional status of 
individuals. Su�cient energy and nutrient intake by 
individuals result from good care and feeding practices, 
food preparation, dietary diversity and intrahousehold 
food distribution. Combined with good biological 
utilization of food consumed, this determines the 
nutritional status of individuals (FAO, 2008). Food 
biodiversity and the diversity of plants, animals and 
other organisms used for food, both cultivated and from 
the wild, is a critical element in response to malnutrition 
(Kennedy et al., 2017). Mountain areas provide huge food 
biodiversity that results in both production and dietary 
diversity to further contribute to meeting nutritional 
requirements. Special and diversi�ed mountain 
agroclimatic conditions allow mountains to produce 
a wide varieties of food products, e.g. fruits, vegetables, 
chestnuts, pine nuts, which provide energy, protein and 
micronutrients to diversify diets and o�er nutritional 
improvement. It should be highlighted that the nutrient 
content between di�erent species, or di�erent varieties 
or breeds of the same species, can vary a thousand-fold 
(Kennedy et al., 2017). Similar to the medicinal value of 
speci�c plants, the nutritional value of food is 
associated with the area where the crop was grown: 
from the climatic conditions, the soil type, processing 
methods, etc.

Institutional and technical support can help mountain 
farmers to provide nutritious products which will 
contribute to changing dietary patterns and improve 
the nutritional status of individuals. Take vegetables � 
an important source of micronutrients � as an example. 
Mountains are suitable for growing a variety of 
vegetables including turnips, potatoes, cabbages, 
cauli�owers, tomatoes and carrots, depending on the 

speci�c location. For instance, in Ladakh, Northern India, 
the Agriculture Department has subsidized seed 
purchases to encourage diversi�cation of farmed 
vegetables. The government has established horticulture 
programmes to introduce new technologies, such as 
the construction of greenhouses and storage facilities, 
including the use of polythene sheeting for greenhouse 
construction, which can extend the seasonal availability 
of vegetable products. The new technologies increase 
the local availability of fresh vegetables, especially during 
winter months when traditionally the community relies 
on dried vegetables and stored roots as well as 
vegetable imports from the lowlands, which are sold at 
prohibitive prices due to air transportation costs. Many 
smallholders have started to establish kitchen gardens 
and grow a limited amount of fresh vegetables to 
diversify their diet (Dame and Nüsser, 2011). These 
e�orts have led to changing dietary patterns in Ladakh: 
a comparison of dietary habits showed a signi�cant 
increase in vegetable consumption, especially during 
summer months (Dame and Nüsser, 2011).

1.3.4 Improve food stability
Stability refers to the availability, access and utilization 
of food at all times without risks. Adverse weather 
conditions, political instability, or economic factors may 
have an impact on food security status (FAO, 2008). In 
the o�-season, there is often a shortage of many 
varieties of agricultural products, which results in rising 
food prices. The seasonal variation of food stability 
a�ects the seasonal variation of dietary patterns, which 
re�ects issues of market availability, caloric demands and 
the time required for food preparation (Dame and 
Nüsser, 2011). Mountain agriculture o�ers unique 
opportunities for �lling the seasonal gap. In particular, 
the special and diversi�ed agriclimate of high-altitude 
favours the cultivation of a variety of o�-season 
cultivation such as high-quality vegetables (Sati, 2006) 
� a product which is in high demand among consumers. 
For instance, in Himachal Pradesh, o�-season vegetable 
cultivation emerged as a remunerative enterprise for 
small and marginal farmers. The Himachal Pradesh, 
Kullu district has become famous for the production of 
quality o�-season vegetables, which take up more than 
80 percent of the agricultural area. As a result, the 
cropping intensity increased by 250 percent, even on 
the smaller farms. With the provision of farmer training 
and availability of low-cost mechanical tools, labour 
costs can be reduced and the provision of o�-season 
agricultural products are more likely (Barah, 2010). 
The mountain areas of Pakistan have speci�c climatic 
conditions conducive to the production of high-quality 
seed potato, vegetable seeds, o�-season vegetables, 
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and medicinal plants, which can provide food stability 
as they could potentially meet the whole country�s 
requirement for seed potatoes and vegetable seeds 
(Rasul and Hussain, 2015)

In summary, mountain agriculture o�ers huge 
opportunities and innovative solutions with success 
stories for Zero Hunger. These are built on the long 
experience and indigenous knowledge that mountain 
communities have developed over generations on how 
to practise agriculture under di�cult conditions to tap 
its full potentials. However, considering the existing 
obstacles in terms of topography, climate, remoteness, 
etc, mountain agriculture requires much more 
attention in national and sub-national policies in 
order to bring its potential to full fruition and in 
order to improve the livelihood situation of 
mountain communities.

1.4  International workshop and 
regional expert consultation 
on mountain agriculture 
development and food security 
and nutrition governance

To facilitate knowledge sharing on mountain agriculture 
and support countries to identify possible solutions, 
entry points and policy mechanisms promoting 
mountain agriculture development towards Zero 
Hunger and poverty reduction, the FAO Regional O�ce 
for Asia and the Paci�c and University of International 
Relations, in collaboration with a number of national 
and international partners, conducted the Mountain 
Consultation in Beijing from 30 October to 1 November 
2018. Overall, the Mountain Consultation comprised 
four steps as follows (Figure 1.1):

1 Step 1: Conceptualization
Food security and nutrition in mountains are 
challenging issues, but paradoxically are often 
ignored in development policies. While mountains 
face peculiar challenges when it comes to 
agriculture, they also o�er unique and speci�c 
opportunities for agriculture to address Zero Hunger. 
However, the main constraints and opportunities 
for farming in mountain regions are at the country 
level and special attention is required to explore the 
full potential of mountain agriculture. Against this 
background, the FAO RAP�s Regional Initiative on 
Zero Hunger (RI-ZH), in consultation with concerned 
parties at the FAO, both internally and externally, 
set mountain agriculture as one of priorities for 
programmatic working area of RI-ZH.

Several questions required assessment: what are the 
main multi-dimensional challenges that mountain 
agriculture faces at the country level? What are the 
major opportunities that mountain agriculture o�ers? 
What are the major solutions to address challenges? 
What are the priorities and entry points for mountain 
agriculture development? What are the key issues in 
mountain areas in the context of sustainable 
agriculture and food systems that draw regional 
attention, cooperation and policy framework to 
strengthen mountain agriculture development for 
Zero Hunger and poverty reduction?

2 Step 2: Partnership-building
Given the multi-dimensional nature of mountain 
agriculture, it is considered essential to build 
partnerships with countries with a strong desire 
to develop this area and organizations with 
shared vision and relevant expertise on 
mountain agriculture.

Through the facilitation of Strategic Programme 3 of 
FAO, the FAO established a working relationship with 
the University of International Relations in China, and 
enhanced collaboration with the International Crops 
Research Institute for the Semi-Arid Tropics, the 
International Centre for Integrated Mountain 
Development, Mountain Partnership, the Center for 
International Agriculture Research at the Chinese 
Academy of Agriculture Sciences and a raft of 
international experts including the FAO Special 
Ambassador of the International Year of Pulses and 
the Vice Chair of the High Level Panel of Experts for 
Food Security and Nutrition of the CFS. In terms of 
international partners for the Mountain Consultation, 
organizations with expertise from agriculture, 
ecology, socio-economic disciplines, and experience 
with mountain agriculture are the main stakeholders. 
Nominated international experts o�ered their 
technical expertise to review the country reports on 
mountain agriculture.

In terms of national partners, the government and 
national agricultural research councils or institutes 
are the main stakeholders. Participating countries 
include Bhutan, Bangladesh, Cambodia, India, 
Lao PDR, Myanmar, Nepal, Pakistan and Viet Nam. 
Under RI-ZH, the government plays a pivotal role in 
organizing and facilitating the preparation of the 
country studies on mountain agriculture at the 
national level, coordinated by the National Focal 
Points of Zero Hunger, including the nomination of 
a competent national institution and expertise to 
undertake and �nalize each country study on 
mountain agriculture. For nine countries, the national 
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government or agricultural research council or 
institute took the lead in undertaking and �nalizing 
the country study on mountain agriulcture, i.e. 
Chittagong Hill Tracts Development Board in 
Rangamati of Bangladesh, Ministry of Agriculture and 
Forests of Bhutan, General Directorate of Agriculture 
of Cambodia, University of Agricultural Sciences 
and Technology Jammu in India, Upland Agriculture 
Research Center under the National Agriculture and 
Forestry Research Institute in Lao PDR, Department 
of Agricultural Research in Myanmar, Ministry of 
Agriculture and Livestock Development in Nepal, 
Northern Mountainous Agriculture and Forestry 
Science in Viet Nam, and Pakistan Agricultural 
Research Council in Pakistan.

3 Step 3: Preparation and review of national report 
on mountain agriculture
The national report on mountain agriculture focused 
on challenges, opportunities, the main policy 
measures, initiatives and practices in mountain 
agriculture and recommendations at a country level. 
Following the overall guidelines, each participating 
country prepared a preliminary national report on 
mountain agriculture at a national level according 
to the established guidelines. The Guidelines for 
Preparation of Country Reports on Mountain 
Agriculture Development can be found in in 
Annex 1.

The preliminary country reports were subsequently 
reviewed and shared by FAO with an international 
panel of experts specializing in agriculture, ecology, 
and the socio-economic aspects of mountains. 
The international experts conducted a review of 
the preliminary national report from their respective 
disciplines prior to the Consultation.

In addition, national mountain agriculture experts of 
national research institutes from nine Asian countries 
were invited to prepare Country Reports on 
Mountain Agriculture Development Achieving Zero 
Hunger and Poverty Reduction, in coordination with 
their government o�cials. The reports were 
circulated for international review before the 
Consultation. With the comments received, the 
national mountain agriculture experts gave 
presentations during the Consultation for further 
review. Moreover, a comprehensive set of 
Questionnaires on Mountain Agriculture in Asia were 
distributed to all participants at the Consultation 
for data gathering and deliberative consultation. 
The analytical results of the Questionnaires are 
presented in Chapter 7 of Part II.

4 Step 4: International workshop and regional 
expert consultation on mountain agriculture
Under FAO RAP�s Regional Initiative on Zero Hunger, 
the International Workshop and Regional Expert 
Consultation on Mountain Agriculture was 

Figure 1.1 Development process of the Consultation on mountain agriculture

Conceptualizing and planning

Evidence-based policies to create an enabling environment for 
mountain agriculture development and food security and nutrition governance

Partnership and team building

Study preparation, country report, 
guidelines and policy reviews

Country reports on Mountain 
Agriculture prepared by national experts

International reviews on the country 
reports; Questionnaire on mountain 

agriculture disseminated and collected

International Workshop on 
Mountain Agriculture Development 

and Food Security and Nutrition 
Governance in Beijing

FAO RAP and UIR
In collaboration with International Crops Research Institute 

for the Semi-Arid Tropics, International Centre for Integrated 
Mountain Development, Mountain Partnership and Center 

for International Agriculture Research of Chinese Academy of 
Agriculture Sciences

Bangladesh, Bhutan, Cambodia, India, Lao PDR, 
Myanmar, Nepal, Pakistan, Viet Nam

Policy framework for sustainable mountain agriculture 
development and Strategies to enhance mountain agriculture 

and food security and nutrition in Asia
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co-organized by the FAO and UIR, in collaboration 
with international and national partners, from 
30 October to 1 November 2018 in Beijing. During 
the Consultation, each country�s team presented the 
results of a preliminary country report on mountain 
agriculture. It was followed by a multi-dimensional 
review by international experts for each participating 
country. The objectives and output of the Mountain 
Consultation are listed in Table 1.4.

The three-day event followed the food systems 
approach covering key issues from production, trade 
and marketing through the lens of socio-economic, 
policy, agriculture, nutrition, ecological and 
environmental factors. (FAO, 2019) The �rst day�s 
programme was aimed at giving international experts 
the chance to share advanced experiences/ 
programmes/lessons learnt and successful stories in 
mountain agriculture development from a global policy 
and technical perspective. The event was opened by the 
FAO Representative in China and the President of UIR, 
Dr Mahmoud El Solh, who is Vice Chair of the 
High-Level-Panel-Experts for Food Security and Nutrition, 
and The Committee on World Food Security of the 
United Nations who delivered a keynote speech on 
Sustainable Mountain Agriculture Development for Food 
Security and Improved Livelihoods for Zero Hunger. 
This was followed by Professor Kraisid Tontisirin, M.D., 
PhD., President of Nutrition Development Foundation, 
who delivered Thailand�s keynote on the Institutional 
Framework on Food Security and Nutrition Governance 
in Mountain Region of Thailand on Zero Hunger 
Perspective, and Professor Fengying Nie, Deputy 
Director-General, Center for International Agriculture 
Research of Chinese Academy of Agriculture Sciences� 
who gave a keynote on Strategy and Application of 
Precision Poverty Alleviation in Mountain Regions in 
China: the Role and E�ect of Institutional Mechanism. 
Various international experts then presented state-of-art 
concepts and interventions under the topics of 
(1) Mountain Agriculture Development and Food 
Security and Nutrition Governance; (2) Mainstreaming 

Neglected and Underutilized Species (NUS) for Mountain 
Agricultural Development: The role of Future Smart 
Food; (3) Building Sustainable and Integrated Farming 
Systems for Mountain Agriculture; and (4) Promoting 
Integrated Value Chain and Market Access for 
Mountain Products.

During the morning sessions on Days 2 and 3, country 
experts presented their preliminary national reports on 
mountain agriculture. Debate and deliberations 
continued on Day 3 in the form of three policy dialogues 
on (1) Gaps and challenges in mountain agriculture 
development within national policies, techniques and 
institutions; (2) Strategies for mountain agriculture 
development: policy, socio-economical, institutional, 
environmental and technical aspect; and (3) Strategies 
for food security and nutrition governance in mountain 
regions. National government representatives and 
international experts shared their concerns and opinions 
on the move towards sustainable mountain food 
security and nutrition governance. Dr David Molden, 
Director-General of ICIMOD, highlighted the need to 
stand up collectively for mountain issues and act as 
a voice for mountain people not only nationally but 
internationally, as mountains are hotspots for SDGs, 
climate change and migration.

The Consultation concluded with a set of 
Recommendations for Sustainable Development of 
Mountain Agriculture, presented by Dr Mahmoud Solh 
who incorporated the comments and suggestions 
from the Consultation on behalf of the panel of experts. 
The recommendations provide a comprehensive 
framework with concrete entry points for country 
implementations on sustainable mountain agriculture 
development (see Chapter IV on Conclusion).

Finally, Dr Daniel Gustafson, Deputy Director-General, 
Programme, FAO, wrapped up the Consultation with 
his closing remarks. (see Annex 2) He emphasized that 
we need to continue �ying the �ag for mountains and 
mountain agriculture in the Asia region, and we need 

Table 1.4 Objectives and outputs of the Mountain Consultation, 30 October�1 November 2018, Beijing

Objectives Outputs

A Identify constraints, gaps and opportunities on mountain 
agriculture development for poverty reduction and 
Zero Hunger

A1 Identi�ed key challenges and opportunities 
that agriculture and food systems face in 
mountain areas

B Facilitate knowledge sharing, lessons learnt and good practices 
on agriculture development and mountain food security and 
nutrition governance

B1 Good practices and solutions on mountain 
agriculture and mountain food security and 
nutrition governance

C Identify possible entry points and policy recommendations 
promoting mountain agriculture development and strengthen 
food security and nutrition governance

C1 Developed recommendations and policy 
framework for mountain agriculture 
development
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�lling the gap that results from adverse weather 
conditions, political instability or other unforeseen 
factors. The unique and diversi�ed agriclimates of 
high-altitude areas favour the cultivation of a variety of 
FSF and o�-season crops such as vegetables of 
outstanding quality. To better understand the challenges 
and opportunities that mountain agricultures faces and 
o�ers, as well as identifying the possible entry points to 
turn challenges into opportunities, the FAO and its 
partners organized an International Workshop and 
Regional Expert Consultation on Strengthening 

Mountain Agriculture Development and Food Security 
and Nutrition Governance. In the context of SDGs, to 
turn challenges into opportunities that mountain o�ers, 
it is the essential for governments to play a leading role 
and place mountain agriculture at the centre of national 
and sub-national poverty reduction, food security and 
nutrition policies to bring its potential to full fruition 
and to improve the livelihood of mountain population. 
This publication presents a regional overview on 
mountain agriculture development based on thematic 
analysis and national studies.
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Country report outline

Mountain agriculture development achieving Zero Hunger and Poverty Reduction

I Overview

1 About the country

1) Physical characteristics (e.g. location, land area, elevation, agro-ecological conditions, climate and weather),

2) Demographics (e.g. population, indigenous groups, etc)

3) Economy

4) Hunger and all forms of malnutrition

5) Poverty: population below poverty line (Poverty headcount ratio)

2 About mountain in country

1) Physical characteristics, demographics

2) Economy: Major economic activities, sources of livelihood

3) Hunger and malnutrition in mountain areas

4) Poverty (Poverty headcount ratio)

3 About contributions and percentage of mountain agriculture in the country

1) Land: areas, types, classi�cation and distribution; land utilization in the mountain areas (used vs fallow/wild land)

2) Population: Mountain areas vs national

3) GDP: Mountain agriculture vs country

4) Main mountain agricultural activities and products (crops, livestock, agro-forestry, etc)

5) Income: Mountain areas vs nation, sources of livelihood (agriculture vs non-farm)

II Mountain agriculture in country: status, challenges and constraints

1 Status

1) Land utilization in the mountain areas: Area used for agriculture production, forestry, etc.

2) Main farming systems in mountain areas

3) Crops commonly grown in mountain areas

4) Animal production and grazing system in mountain areas

2 Challenges and constrains for sustainable mountain agriculture: technical, economic, environment

1) Socio-economic factors: land tenure and land right, small and marginal landholdings; aging, labour shortages 
and cost, migration, population growth, aging, urbanization

2) Natural resources and environment pressure on the agricultural production base: e.g. climate change, natural 
disasters, arable land, agro-deforestation, soil (erosion, declining soil fertility), water, etc

3) Technical constraints for mountain agricultural production: yield gaps, productivity, input availability, etc

4) Market: lack of market information, channels, etc

5) Physical and infrastructure

6) Policy and institutional
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III	 Opportunities and entry points for mountain agriculture development to address Zero Hunger and 
poverty reduction (food systems perspectives covering production, agro-processing, marketing and 
consumption)

1	 Agriculture diversi�cation and sustainable intensi�cation: e.g. diversify crops from staple production to mix 
with Future Smart Food; shifting from monoculture to diversi�ed and integrated farming systems, animal 
production and grazing systems, conservation agriculture, etc.

2	 Agro-processing activities for agriculture products (e.g. establishing agroprocessing centres in mountain 
areas shortening distance to market; minimal processing)

3	 Value-addition measures and activities for agriculture products: e.g. brands and certi�cation for 
mountain agriculture products, Globally Important Agriculture Heritage Systems (GIAHS), 
one-village-one-product, developing links with markets, institutional procurement programmes, 
e-agricluture, etc.

4	 Social protection measures targeting mountain people

5	 Others

IV	 Country experience: main policies measures, initiatives and practices in mountain 
agriculture development

1	 Good agricultural practices on sustainable and integrated farming in mountain areas

2	 Policy measures and initiative for sustainable and inclusive mountain development

3	 Case study

V	 Strategic consideration and suggestion: policies and measures, governance promoting sustainable 
agriculture development in mountain areas

1	 Policies

2	 Measures and interventions

3	 Governance

VI	 Conclusion
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Annex 2  Closing Remarks 
By Dr Daniel Gustafson, Deputy Director-General, Programme, FAO

International workshop and regional expert consultation on mountain agriculture 
development, food security and nutrition governance

FAO and UIR
In collaboration with the FAO Special Ambassador of the International Year of Pulses, the International Crops 
Research Institute for the Semi-Arid Tropics, the International Centre for Integrated Mountain Development, 
Mountain Partnership and Center for International Agriculture Research of Chinese Academy of 
Agriculture Sciences

Regional Initiative on Zero Hunger

30 October � 1 November 2018
Beijing, China

Thank you very much for the introduction.

Let me start by saying it�s a huge pleasure to speak here, especially as it was touch and go that I could. I am here in 
China for another event to commemorate the 40-years of opening-up for poverty reduction in China, and it wasn�t 
clear that at what point of the day my talk would take place, so I didn�t want to commit to this one. But I�m just 
delighted that I can be here and do this, for two reasons: Firstly, the issues that you discuss here on mountains are 
extremely important to us and it is of high priory in sustainable development. Secondly it is also an unexpected 
pleasure to see so many dear friends and colleagues.

All the things about mountains that I know, I have learnt from you, from the time that I lived in India and Bhutan 
including my time with ICIMOD. Many of you are key in this. Also I would like to point out that a number of you are 
old colleagues. Dr Solh and Dr Kraisid, have had, and continue to have impactful careers. Some of you know that they 
were both division directors of the FAO, respectively in plant production division and nutrition division. And without 
a question, their period as directors, set the direction in which we are still going � to look at agriculture and nutrition 
in a more sustainable way.

And for us, the fruit of the seeds that they sowed back then, continues to grow. It is really a pleasure. I could go on, 
John Dixon taught us about farming systems in those days, Dr Wani, of course, we know very well. I am particularly 
happy also that two of our former FAO HQ colleagues, Xuan Li and Thomas Hofer, are back again in the �eld. Not that 
they ever stopped contributing, but it is just a pleasure for me to see. And I cannot resist saying it here.

But what I am most struck by, is the similarity between what we are discussing today and the event tomorrow 
�40-year anniversary of opening-up in China�. They are in parallel and unique in the history of mankind � delivering 
large-scale poverty reduction in the span of 40 years. No one thought that it was possible and mountains play a big 
part in it. One of the key areas is �working together in partnership�. I am so pleased that our mountain agriculture 
projects are taking place in partnership with universities, professors in recognition that food security is in fact a 
security issue, which we have thought of it for a long time whereas some other part of the world haven�t recognized 
this fact until relatively recently. It is thus an appropriate partnership with the University of International Relations in 
China. We are really pleased and enormously grateful for the hard work you did that went into this. We are looking 
into food security within the international security debate, and the mountain discussions are a huge part of this. 
It is just terri�c.
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When I look into the summary of the workshop, I think those are similar messages in each of the events, not only 
within the context of mountains, but also the recognition of the very large imbalance between the importance of 
the topic and the attention that they receive, that is the mountain population and mountain food system. It is 
somewhat a mystery to me still as to why it is the case. Mountains after all are not just home to a small portion of 
the world�s population, millions live there, and mountain ranges are where an overwhelming portion of some of 
the solutions to modern problems can be found, with regards to biodiversity, water, and many factors. 
Why this unbalance?

But also when we are looking at the global picture of what we discussed today, much of what China accomplished 
would be very di�cult to replicate, in the sense that a very large of population moved out of agriculture to urban 
areas and into industry. And the result was a transformation of the economy. So what you have is a much greater 
pressure in employment, especially youth employment. But not much increase in productivity for those left behind 
in the rural areas. So how to overcome this? We need to learn from China�s experience. You need targeted pro-poor 
policies, infrastructure, human capital and among other things, some social protection policies, not only for the 
development of human capital, but also to prevent people from falling back into poverty. 

Within this context, the mountain situation is exemplary in this regard. What we are looking for, even in the plains, are 
value addition or high value products that are location speci�c, so we can move away from non-di�erentiated cereals. 
In particular, addressing Professor Siddique here, the International Year of Pulses had big impact in increasing the 
consumption and production of pulses. It has exceeded our expectations in what we can do to promote certain 
commodities. So how can we bring this attention to mountain and mountain products, in the way that takes 
advantage of their unique value? How can we ensure that the rest of the world sees the value of mountain goods? 
People do value mountain products, they see that something come from the Himalayas, for example, as something 
special. And it is common for all countries in this area. So how can we turn the value of the area-speci�c products 
into bene�ts for the people who live here, not only in terms of production, but also, processing, transportation, 
distribution, tourism, marketing and so on?

In fact, we have good examples of it. Many of you know it from your countries� GIAHS. These heritage sites tend to 
be in mountains because of the speci�c mountain products that consumers and tourists (international and local) 
really want. So how can we use that model, say an agroterritorial approach, in a way that is beyond production but 
which has received a lot of value addition and employment for youth to generate agroforestry related but non-farm 
livelihoods that are related to these products? And I think that the recommendations that you just went through 
now are very similar to what we want to see globally. It would be not good just for Asia, but also for example, 
for mountains in Africa � empowering empower farmers and women, diminishing con�ict and improving food 
security, employment and resilience. It is an outstanding project.

I am delighted to say that it is fantastic to have 10 countries represented here. I think that�s probably more than 
what we had before with Mountain Partnership. We all knew from the beginning that the Mountain Partnership 
was a great thing, everyone loves it. But there was a worry that the Partnership hadn�t attracted enough attention 
and not many countries had signed up. So I hope you can go back to your country and share your enthusiasm 
for the Partnership.

As I said, it is a semi-unexpected pleasure to speak on behalf of the organization. And thank you for your 
contribution and thanks again to the university and the organizations from our side. We look forward to seeing the 
fruits of your deliberations turning into food security, less con�ict, more water, more biodiversity and so on and on. 
Thank you all very much.
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Figure 2.1  Mountains of the world

Source: Esri DeLorme, NAVTEQ

Figure 2.2  The di�erent zones of a typical river basin and cryosphere model representation showing the 
di�erent resources and services provided by mountains

Source: ICIMOD Programmes, river basin and cryosphere, www.icimod.org/?q=9122, retrieved on 7 January 2019
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Figure 2.3  Mountains are an important source of fresh water

Mountain areas are characterized by topography of 
variable altitudes and variable climatic conditions and so 
are major reservoirs of global biodiversity.

Mountains are characterized by a wide range of climatic 
and agro-ecological diversity from dry, high-altitude 
deserts to tropical rainforests in the highlands, and from 
permanent ice and snow at altitudes above 9 000 m, 
to diverse climatic conditions of 1 200 mm precipitation 
(FAO, 2011).

The world�s mountains are its water reservoirs, providing 
about 70 percent of the world�s freshwater resources 
to around half of the world�s population for domestic 
use, agriculture and industry (FAO, 2011). Mountains are 
important watersheds, conserving snow cover and 

releasing water slowly to feed streams and rivers 
throughout the year all over the world (FAO/Mountain 
Partnership). This makes mountain ecosystems a vital 
source of irrigation water, which is essential for crop 
and livestock production both up- and down-stream to 
enhance food and nutritional security.

Increasingly, mountain ecosystems are key sources of 
di�erent types of renewable energy including 
hydropower, solar energy, wind power and biomass 
fuels. Streams and rivers along mountain altitude 
gradients provide hydropower that generates electric 
power, which is important for various sectors and helps 
to improve livelihoods (FAO, 2011). Similarly, wind �ow 
and circulation, and high solar radiation in the 
mountains provide renewable sources of wind and 

Figure 2.4  The elevation and altitude gradient of mountains provide various sources of renewable energy 
including hydropower, solar energy and wind power

' Shutterstock/martinho Smart
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rangelands on certain plateaus. It is essential to halt and 
even reverse rangeland degradation, not only on the 
Tibetan Steppe but also globally. Due to this pattern of 
rangeland degradation, livestock production systems are 
shifting from pastoral to agropastoral systems.

2.4.3.2  The agropastoral livestock production 
system

The agropastoral livestock production system is an 
integrated crop�livestock�rangeland production system 
that includes livestock of di�erent types and of diverse 
genetic resources, various �eld crops, shrubs and trees 
and natural pastures. The agropastoral system provides 
di�erent sources of feed that are well managed to 
ensure e�cient and high livestock productivity. The 

integrated system involves the socio-economic 
environment, policy environment and a market 
component (Figure 2.10) (Iniguez, 2011), all of which 
incorporate di�erent factors to ensure an e�cient and 
productive livestock system. These factors working 
together allow the system to succeed economically, 
socially and environmentally in terms of food and 
nutrition security, farmer income and the livelihood of 
farmers, pastoralists and producers.

Crop-livestock integration is a crucial element of 
mountain agriculture, which uses the available 
natural and farming resources for both crop and 
livestock production. The International Center for 
Agricultural Research in Dry Areas (ICARDA) has 

Figure 2.8  Major agro-ecologies in the Tibetan Steppe

Source: World Wildlife Fund as cited by Sheehy et al., 2006

Figure 2.9  Major livestock species in the Tibetan Steppe: yak, sheep and goats
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2.4.3.4 Irrigated agriculture production systems
Irrigated agriculture systems occur in arid and semi-arid 
mountain areas where rainfall is too low (less than 
350 mm) to support agriculture and where irrigation 
water is available. The sources of irrigation water are 
either deep artesian wells, surface water from rivers, or 
harvested rainwater in macro water catchments and 
dams. In addition, so as to cope with droughts and to 
reverse climate change impact, farmers can also bene�t 
from very simple solutions, such as using cisterns to 
store rainfall water for drinking and irrigation (FAO, 2019). 
Field crops such as rice, wheat and maize are cultivated 
under irrigation in semi-arid mountain areas, where full 
and supplemental irrigation is practiced to complement 
the low rainfall, particularly to break the long periods of 
drought. In arid mountain areas, fully irrigated crops are 
important for food security, but do not provide the high 
incomes of cash crops. Therefore, farmers in irrigated 
mountain agriculture tend to diversify production with 
high-value crops including vegetables, fruit trees and 
ornamentals. In addition to increasing income, 
diversi�cation of the cereal-based system contributes 
to improving human nutrition. Diversi�cation with fruits 
and vegetables provides micro-nutrients and vitamins, 

and diversi�cation with nitrogen-�xing legume crops 
such as peas, lentils, chickpeas, common beans and 
mung beans enrich the soil with nitrogen. Food legume 
crops provide high-protein seed, which is important for 
human nutrition, particularly in low-income mountain 
communities where meat is a rare luxury.

One high-value crop that is grown in the highlands of 
Afghanistan is sa�ron, which is a high-value spice 
(Figure 2.13). Sa�ron is an alternative crop to opium 
poppies and can provide high income to farmers and 
their families, especially women in remote Afghanistan 
mountain areas.

In the steep mountain areas of semi-arid and arid zones 
of Yemen, farmers have long built narrow terraces for 
irrigated cropping. Water sources include deep wells 
and water harvesting in macro-catchments. High-value 
crops grown on these narrow terraces include co�ee, 
fruit trees, vegetables and �kat� shrubs (a legal drug). 
In additions, o�-season vegetables crops are produced 
in plastic greenhouses (protected agriculture) on these 
narrow terraces (Figure 2.14). The production of 
high-value crops, particularly o�-season vegetables, 

Figure 2.13  Ridges of irrigated high-value sa�ron in the highlands of Afghanistan (left photo), sa�ron �owers 
(middle), and Afghani women collecting sa�ron �laments as a high-value spice for the export 
market (right)

Source: DFID-UK Project for Alternative Livelihoods in Afghanistan implemented by ICARDA

Figure 2.14  Plastic greenhouses for the production of high-value o�-season vegetables on the narrow terraces 
of the steep mountains in Yemen

Source:  Arabian Peninsula Regional Project implemented by ICARDA and supported by the Arab Fund for Economic and Social Development, 
AFESD; and International Fund for Agriculture Development, IFAD
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not only provides high income to traditionally 
low-income mountain communities but also is 
important for improving human nutrition.

2.5  Added-value products in 
mountain agriculture

Added-value products that are generated in various 
production systems in mountain agriculture are 
important for increasing income and improving 
livelihoods in isolated low-income mountain 
communities. Added-value products in livestock-based 
production systems (in both pastoral and agropastoral 
livestock production systems) include dairy products 
such as yogurt and cheese produced from cow, goat 
and sheep milk. It is important to train people, 
particularly women, on how to produce high-quality 
hygienic yogurt and cheese to fetch high market value 
and increase the income of mountain communities.

Another example of a high-value product is �bre 
production from sheep and goats. Wool from sheep is 
used to produce rugs that are produced traditionally and 
locally by mountain women. Mohair yarn is produced 
from indigenous goats. Enhancing processing and 
organizational skills to improve wool and mohair quality 
and market access would contribute to higher incomes 
in mountain communities. Developing fair trade export 

markets for locally produced yarn, clothing and �bre 
handicrafts would increase production demand and 
improve livelihoods.

In the mountain areas of Tajikistan, Tajik women have 
undergone training to spin and create high-quality 
mohair products (Figure 2.15). This has enabled women 
to set up and develop local businesses. The approach 
followed in Tajikistan could be replicated in rural 
mountain communities in Central Asia for merino, 
cashmere and cashgora. These products are in high 
demand in the export market. Mohair yarn developed 
by Tajik women in mountain areas is now marketed at 
the same wholesale price (USD 140 per kg) as 
Australian mohair yarn.

An example of an added-value crop in irrigated 
agriculture production systems is mint, which is 
produced in Afghanistan for use fresh or dried, or 
produced as water mint and oil mint. Fresh mint is 
produced in plastic greenhouses (Figure 2.16), and, 
similar to sa�ron, is an alternative to opium production 
that has traditionally prevailed in Afghanistan. Water 
mint and mint oil are produced by local Afghani women 
who distil the fresh mint. Both water mint and mint oil 
fetch high prices in local and export markets because of 
their medicinal properties for helping to cure stomach 
aches and diarrhoea. If water mint and mint oil are 
exported to Pakistan, both can sell for high prices.

Figure 2.15  Added-value mohair �bre production by Tajik women from indigenous goat breeds in the 
mountain areas in Tajikistan

Source: Courtesy of ICARDA
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2.6  The role of women in mountain 
agriculture

Mountain agriculture relies on family farming systems 
that include men and women. However, women 
generally have a larger workload than men since they 
are also responsible for the collection of water, straw 
and wood for fuel and fodder, crop harvesting, food 
preparation and the care of children (Figure 2.17). 
Mountain women face similar challenges to those in 
rural areas of developing countries such as limited 
access to education, health care and restricted 
involvement in decision-making. They lack economic 
independence and rarely have tenure rights to land 
(FAO, 2011). Furthermore, the situation for mountain 
women is aggravated by the high altitude and steep 
terrain, lack of infrastructure and isolation of mountain 
communities, along with added hardships from the 
negative impacts of climate change, environmental 
degradation and deforestation (FAO, 2011).

Seasonal outmigration of men for short and/or long 
periods for herding purposes or to lowland cities for 
work results in added responsibilities and burdens 
for mountain women, who become the head of their 
household during these periods of absence. Despite 

the added responsibilities, most women are not given 
authority to bene�t from bank loans, subsidies or other 
forms of government assistance.

2.7  The role of the United Nations 
and international organizations 
in enhancing mountain 
ecosystems and agriculture

Several organizations are involved in enhancing 
mountain ecosystems and agriculture at the global and 
regional level. These organizations work closely with 
countries where mountain areas constitute a substantial 
part of the topography and ecologies. These 
organizations include the FAO, which focuses on 
supporting mountain agriculture along with its global 
mandate to develop agriculture worldwide. FAO also 
hosts the intergovernmental Mountain Partnership 
established to enhance mountain ecosystems, including 
agriculture. Another important organization that 
speci�cally supports the enhancement of mountain 
ecosystems and agriculture is ICIMOD with a regional 
mandate focusing on the Himalayan region. The 
Consultative Group of International Agricultural Research 
Centers (CGIAR), a global research partnership, includes 

Figure 2.16  Minister of Agriculture of Afghanistan visiting the plastic greenhouses where fresh mint is grown 
in Afghanistan (left photo); women distilling fresh mint to produce both water mint and oil mint 
(middle); and vendors of water mint and oil mint in Kabul, Afghanistan (right)

Source: DFID-UK Alternative Livelihoods Project in Afghanistan implemented by ICARDA

Figure 2.17  Mountain women collecting water (left) and straw for fuel (middle), and harvesting vegetables in 
plastic green houses (right)

' Mahmoud El Solh and Shutterstock
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Figure 2.18  The Hindu Kush Himalayan (HKH) Region (dark blue) showing the basin of the major rivers that 
originate from that region

Source: ICIMOD, 2018

Figure 2.19  ICIMOD�s diagram for �resilient mountain villages� to prepare for climate, socio-economic and 
future resilience

Source: ICIMOD, 2018
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adaptable, improve livelihoods, and empower the 
cultural identity of mountain people. Future Smart 
Foods (FSF), namely NUS that are nutrient-dense, 
climate-resilient, economically viable and locally 
available or adaptable, o�er a desirable solution for 
sustainable mountain agriculture. Compared with staple 
food crops, FSFs characteristically require low inputs for 
high outputs (macronutrients and micronutrients), are 
highly nutritious, and well-adapted to the marginal and 
extreme climate conditions with little external input, 
so o�ering sustainable food production (FAO, FSF, 2018). 
FSFs have the potential to contribute to the eradication 
of hunger and malnutrition, and serve as a bu�er in 
the context of ongoing climate change and they play 
a major role in agricultural diversi�cation strategies by 
replacing crops that fail under climate change scenarios.

3.2  Future Smart Food: Concept 
and main features

3.2.1 The FSF concept
FSF is a term used for NUS that are nutrient-dense, 
climate-resilient, economically viable, and locally 
available or adaptable (FAO, 2018). NUS are key elements 
of the agrobiodiversity that is essential for sustainable 
agriculture. Globally, of the 300 000 to 500 000 plant 
species, 30 000 have been identi�ed as edible plant 
species; of these, more than 7 000 crop species have 
been either cultivated, domesticated, or collected from 
the wild as food throughout the history of humanity 
(Garn and Leonard, 1989). However, no more than 
150 crop species are cultivated commercially, with 
103 of these providing up to 90 percent of the calories 
in the human diet. Three main crops, namely rice, maize 
and wheat, provide 60 percent of the world�s food 
energy intake (FAO, 1995). This means that tens of 
thousands of edible plant species remain relatively 
�underutilized�, with respect to their ability to contribute 
to the world�s increasing food requirements (Chivenge 
and Mabhaudhi, 2015; FAO, 2018).

NUS o�er tremendous opportunities for �ghting poverty, 
hunger and malnutrition, as well as huge potential for 
achieving nutrient-dense, climate-resilient and 
sustainable agriculture. NUS have high nutritional 
value and can be an essential source of micronutrients, 
protein, energy and �bre, which may contribute to food 
and nutrition security. As well as their superior nutritional 
qualities, many NUS crops can be grown on marginal 
land, are easily intercropped or rotated with staple 
crops and can easily �t with integrated crop production 
systems. Because many NUS have the unique ability 

to tolerate various stresses, they can make production 
systems not only more diverse but more sustainable and 
climate-resilient. (FAO, FSF, 2018)

3.2.2 FSF: Main features
It should be highlighted that not all NUS meet the 
conditions of being nutrient-dense and/or 
climate-resilient to foster food and nutrition security. 
Only those NUS that meet these four criteria qualify as 
Future Smart Food. The main features of Future Smart 
Food are four-dimensional being:

1 nutrient-dense (enhance nutrition);

2 climate-resilient (e.g., require low inputs, promote 
climate change resiliency, environmentally friendly 
by reducing runo� and erosion);

3 potentially economically viable (e.g., generate 
income and reduce female drudgery); and

4 locally available or adaptable (FAO, 2018).

3.2.3 FSF initiative
What is the signi�cance of FSF for sustainable agriculture 
and food systems, including mountain agriculture and 
food systems? To date, agriculture and food systems 
have relied on staple crop production, which has led to 
two signi�cant gaps: a) production gap � FAO 
projections suggest that by 2050, agricultural 
production must increase by 50 percent globally to 
meet food demand. However, increased production of 
staple crops, which dominate current agricultural 
systems, are unlikely to meet this increasing demand, 
as irrigated wheat, rice and maize systems appear to 
be near 80 percent of their yield potential, and 
b) the nutrition gap � the current high levels of 
malnutrition re�ect unbalanced diets with low nutrition 
diversity, which is re�ected in the low production 
diversity, as staple foods fail to provide the necessary 
nutrients for healthy diets (FAO, 2018). In contrast, NUS 
may be the key to agricultural diversi�cation and play a 
signi�cant role in narrowing and closing production and 
nutritional gaps. In addition, the adaptation of targeted 
NUS to harsh environments and low input agriculture 
will reduce the current pressure on natural resources.

To support countries to identify and prioritize NUS and 
integrate them into agricultural and food systems, the 
FAO Regional O�ce for Asia and Paci�c (RAP) launched 
a FSF Initiative in 2016, in collaboration with a wide 
range of national and international partners. A regional 
priority-setting exercise on scoping and prioritizing was 
conducted by countries to identify and prioritize NUS 
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based on the four criteria to qualify as FSF. Consequently, 
39 FSFs were selected and prioritized by eight countries. 
The integration and promotion of FSFs o�er a promising 
future for transforming the current agricultural system 
to be more sustainable, nutrition-sensitive and 
climate-resilient (FAO, 2018) Table 3.1 lists some 
examples of prioritized FSFs that can be grown in 
the mountains.

3.3 Future Smart Food: comparative 
advantages for mountain agriculture 
development achieving Zero Hunger
3.3.1  Nutrition dense � mountain hunger 

and malnutrition
One of the outstanding features of FSF is that they 
are nutritious, and often higher in macronutrients 
(e.g. protein and fats) and micronutrients (e.g. vitamins, 
minerals) than staple foods for mountain populations, 
de�ciencies of which lead to stunting, wasting and 
being underweight. This section provides some 
examples of FSFs that are suitable to grow in the 
mountains and demonstrate their remarkable 
nutritional qualities.

Pulses have been prioritized as FSFs by many countries 
in Asia, including Cambodia, India, Myanmar, Nepal 
and Viet Nam. Pulses are rich in protein, nutrients and 
dietary �bres that are important for a healthy diet and 
can help to reduce the risk of developing several chronic 
non-communicable diseases. Pulses include chickpea, 
cowpea, lupine, �eld pea, common bean, lentil, mung 
bean, pigeon pea, faba beans and others. For example, 
chickpea in comparison with white polished rice 
contains three times more protein, four times more 
dietary �bre, four times more iron, and 70 times more 
folate, though the energy level is similar in both crops. 
Similarly, lupine contains �ve times more protein, eight 
times more dietary �bre, four times more iron, and 
44 times more folate than rice. These FSFs are well 
adaptable to the agroecosystems of mountains.

Cowpea (Vigna unguiculata) is an FSF prioritized by 
Viet Nam and Cambodia, among others. It contains 
25 percent protein and several vitamins and minerals: 
cowpea has signi�cant potential to contribute to 
food and nutrition security by providing vitamins and 
minerals when consumed as a leafy vegetable, and 
protein when consumed as a grain legume (Modi and 
Mafongoya, 2015). It is not only a protein-rich legume 
that complements in amino acids and other nutrients 

staple cereal and starchy tuber crops, but it also provides 
fodder for livestock, soil improvement bene�ts through 
nitrogen �xation, and household bene�ts in the form of 
cash and income diversity. It thrives in arid and semi-arid 
tropics covering Africa, Asia, Europe, the United States, 
and Central and South America (CGIAR,2019).

Taro (Colocasia esculenta (L.) Schott) is an FSF prioritized 
by Nepal, Bangladesh, Cambodia and Viet Nam, among 
others. It is a rich source of carbohydrate, vitamins A 
and C, and protein. Leaves and corms of taro are edible 
and also serve as a leafy vegetable supplying mineral 
nutrients to the traditional diets of smallholder farmers. 
Taro features in several agroforestry systems as it is 
shade tolerant, making it ideal for mixed cropping 
systems, which typically feature trees (Modi and 
Mafongoya, 2015).

Millets, prioritized as a FSF by most South Asian 
countries including Bangladesh, Bhutan and India, 
are often referred to as a �high-energy� cereals as their 
protein and vitamin A contents are higher than maize, 
and their oil content is higher than maize grains. Millets 
contain vitamin A � a major de�ciency in staple diets � 
which makes it a suitable crop for combating nutritional 
challenges in mountain communities (Modi and 
Mafongoya, 2015). Table 3.2 illustrates the di�erence 
between the nutritional value of selected millets and 
staple crops. For instance, pearl millet has higher 
micronutrient (such as calcium, iron, zinc, ribo�avin 
and folic acid) contents than rice or maize, and higher 
micronutrient (excluding calcium) contents than wheat. 
(Adhikari, Hussain and Rasul, 2017)

FSFs, by de�nition, also include wild food species such 
as indigenous fruit trees, indigenous leafy vegetables, 
and wild plant and animal species which are nutritious 
(Biodiversity International, 2017). For instance, 
mushrooms are low in calories, fat and sodium, high in 
protein and �bre, and contain many important vitamins 
and minerals. Most mushrooms usually contain around 
20�30 percent protein by dry weight, along with 
vitamin D, niacin and vitamin B, and high levels of 
selenium, potassium, phosphorous, zinc and 
magnesium. Selenium is an antioxidant that helps to 
neutralize free radicals preventing cell damage and 
reducing the risk of cancer and other diseases. Potassium 
is an extremely important mineral that regulates blood 
pressure and keeps cells functioning properly. A large 
portobello mushroom is said to have more potassium 
than a banana. (Mushroom Appreciation, 2019)
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Table 3.2 Comparison of nutritional value between selected millets and staple crops

Nutrient

Selected millets (100 g) Staple food (100 g)

Pearl 
Millet Sorghum

Finger 
Millet

Foxtail 
Millet

Proso 
Millet

Barnyard 
Millet

Kodo 
Millet

Rice 
(Milled) Maize

Wheat 
Flour

Energy (kcal) 361.00 349.00 328.00 331.00 341.00 397.00 309.00 345.00 342.00 346.00

Protein (g) 11.60 10.40 7.30 12.30 7.70 6.20 8.30 6.80 11.10 12.10

Fat (g) 5.00 1.90 1.30 4.30 4.70 2.20 1.40 0.40 3.60 1.70

Calcium (mg) 42.00 25.00 344.00 31.00 17.00 20.00 27.00 10.00 10.00 48.00

Iron (mg) 8.00 4.10 3.90 2.80 9.30 5.00 0.50 3.20 2.30 4.90

Zinc (mg) 3.10 1.60 2.30 2.40 3.70 3.00 0.70 1.40 2.80 2.20

Thiamine (mg) 0.33 0.37 0.42 0.59 0.21 0.33 0.33 0.06 0.42 0.49

Ribo�avin (mg) 0.25 0.13 0.19 0.11 0.01 0.10 0.09 0.06 0.10 0.17

Folic acid (mg) 45.50 20.00 18.30 15.00 9.00 � 23.10 8.00 20.00 36.60

Fibre (g) 1.20 1.60 3.60 8.00 7.60 9.80 9.00 0.20 2.70 1.20

Source: National Instutute of Nutrition, India

3.3.2  Climate-resilient � mountain 
adaptability

FSFs can help agriculture production to adapt to climate 
change by enhancing the diversi�cation and resilience 
of agroecosystems to withstand the impacts of climate 
change implications (e.g. drought, cold, global warming 
and the increased frequency and intensity of extreme 
weather events). Unlike rice and wheat that require 
many inputs in terms of fertilizer and irrigated water, 
FSF are adapted to low-input agriculture and can grow 
in upland or marginal lands where staple crops can 
hardly grow.

With regard to drought resistance, FSFs such as pulses 
and millets can be well integrated into farming systems. 
During the dry season, most highlands are left fallow 
after harvesting the main crops. However, FSFs that are 
drought-tolerant can grow on residual moisture after 
harvesting crops grown in the rainy season or under drip 
irrigation, combined with integrated farming practices 
such as intercropping and relaying cropping, which can 
utilize fallow land for planting forages, as well as the 
main crops and other high-value crops. For instance, 
India has actively integrated pulses into rice fallow on 
a large scale. The selection of crops and varieties with 
early maturity, di�erent root architecture (i.e. longer and 
�ner roots, more root tips, greater branching angle, and 
lower shoot:root ratios) and in situ moisture conservation 
practices (e.g. ridging, mulching) may help to minimize 
irrigation requirements during dry periods (Chapagain 
and Raizada, 2017).

Mungbean (Vigna radiata var. radiata) is an FSF 
prioritized by Nepal and a relatively important 
short-season legume crop in Asia. Mungbean is a good 
source of dietary protein with high contents of folate 
and iron compared with many other legume crops 
(Keatinge, et al., 2011). As a short-duration legume, 
mungbean �ts well into the fallow period between 
rice�rice, rice�wheat, rice�potato�wheat, maize�wheat, 
cotton, and other cash crop cropping systems. Planting 
mungbean improves soil fertility and provides additional 
nitrogen to subsequent crops. The yield of rice following 
a mungbean intercrop can increase by up to 8 percent 
through the nitrogen �xed by mungbean in the soil and 
reduced pest and disease pressure compared to cereal 
mono-cropping (Ebert, 2014).

Millets which include di�erent genesisare known for 
their drought tolerance and grow well in dry zones as 
rainfed crops under harsh climates and marginal 
conditions of soil fertility and moisture. Millets can grow 
on a wide variety of soils ranging from clay loams to 
deep sands, but the best soil for cultivation is deep and 
well-drained soils. This makes it suitable for cultivation 
by smallholder farmers in semi-arid areas where deep 
sands and sandy loam soils dominate. In addition, 
millets are easy to cultivate and can be grown in arid 
and semi-arid regions where water is a limiting factor for 
crop growth (Modi and Mafongoya, 2015). Commonly 
grown millets are sorghum (Sorghum bicolor), pearl millet 
(Pennisetum glaucum), �nger millet (Eleusine coracana), 
barnyard millet (Echinochloa crus-galli), foxtail millet 
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(Setaria italica), kodo millet (Paspalum scrobiculatum), 
proso millet (Panicum miliaceum) and little millet 
(Panicum sumatrense), (Bose, 2018). For instance, minor 
millets which include six grain crops namely �nger 
millet, foxtail millet, kodo millet, proso millet, barnyard 
millet and little millet (Panicum sumatrense), have a 
short biological cycle and e�cient root systems that 
o�er a comparative advantage where water is scarce 
and rainfall is low (Padulosi et al., 2009). In addition, 
minor millets o�er modest yields from marginal/poor 
soils with low inputs, which has made them important 
in mountain and hill agriculture (Padulosi et al., 2011). 
Minor millets are used particularly in South Asia where 
their drought-resistant traits coupled with an excellent 
nutritious pro�le o�er major opportunities for the 
development of areas increasingly a�ected by water 
shortages, such as those in the marginal hills of Tamil 
Nadu or Karnataka States of India (Bala Ravi 2004; 
Padulosi et al., 2009).

Moringa (Moringa oleifera) is an FSF prioritized by 
Bhutan, Myanmar, Nepal and other countries in Asia. 
It is drought resistant with high nutrient density and 
famous as the �wonder tree�. Moringa is a fast-growing 
tree that adapts well to hot, semi-arid regions in the 
tropics with as little as 500 mm annual rainfall 
(Yang, 2006), and can adapt to altitudes above 2 000 m. 
It also tolerates occasional wet or waterlogged 
conditions for short durations, but prolonged �ooding 
leads to a signi�cant loss of plants (Ebert, 2014). 
It is rich in many essential micronutrients and vitamins 
as well as antioxidants and bioavailable iron. It excelled 
among 120 species of traditional Asian vegetables tested 
for their micronutrient and phytochemical contents, 
antioxidant activity (AOA), and traditional knowledge 
of medicinal uses (Yang, et al., 2006). Moreover, it is easy 
to grow, has excellent processing properties, and good 
palatability (Padulosi et al., 2011). Boiled fresh moringa 
leaves and dried powder in water enhanced the 
aqueous AOA and increased bioavailable iron by 3.5 and 
3 times, respectively (Yang et al., 2006).

Quinoa (Chenopodium quinoa) was �rst farmed by the 
Incas in the mountains of Bolivia, Chile and Peru. It has 
high nutritional value that not only survives but thrives 
in marginal areas due to its high adaptability. It is a 
high-altitude plant, growing at 3 600 m above sea level 
and higher, where oxygen is thin, water is scarce, and the 
soil is more saline. Recently, experimental cultivation of 
quinoa in saline and marginal soils of Pakistan has shown 
that this crop can produce respectable yields in stressful 
conditions (Padulosi, et al., 2015).

Buckwheat (Fagopyrum esculentum) is an FSF prioritized 
by Nepal and Viet Nam, among others. It is commonly 
grown in the Himalayan region, as it grows fast and 
suppresses weeds. It also boasts great resistance to cold 
weather conditions. Barley (Hordeum vulgare) is another 
good example of a FSF as it tolerates water stress and 
extremely cold conditions. With its short growing period, 
barley is often cultivated in the high altitudes and cold 
climate of the Tibetan Plateau, China and the Gatlang 
area of the Rasuwa district, Nepal (Adhikari, Hussain and 
Rasul, 2017). Barley is also easily cultivated in arid and 
semi-arid areas of temperate regions with only 250 mm 
of rain only.

3.3.3   Economically viable � mountain 
livelihood

FSFs provide income opportunities for the mountain 
poor. They can contribute to the improvement of 
livelihoods in mountain populations based on their 
higher nutritional and health value as well as the fact 
that many are o�-season crops. Being organic, such 
crops are also seen as safer or healther. This is in 
addition to their adaptation to low input agriculture 
which will reduce the pressure on natural resource 
degradation. Several studies and projects have 
highlighted the consistent contribution of NUS to 
generating income in both domestic and international 
markets (Asaha et al., 2000; Mwangi and Kimathi 2006; 
Chadha and Oluoch 2007; Joordan et al., 2007; 
Rojas et al., 2009). In India, for example, adding value to 
little millet enhanced farmer incomes three-fold and 
generated employment in villages, particularly for 
women, which enhanced women�s social status and 
self-esteem (Vijayalakshmi et al., 2010).

Many previous indigenous NUS are globally well-known 
crops, such as oil palm and kiwi, which have the 
potential to contribute to food security and nutrition, 
dietary and production diversity, health improvement 
and income generation. Both of these crops became 
commercially of economic importance globally. Quinoa 
is another good example of a FSF that is becoming 
globally known with high economic bene�ts for 
mountain people. Quinoa has attracted increasing 
attention from the world, particularly after the 
International Year of Quinoa in 2013, which resulted in 
increasing global demand for the product. For instance, 
Bolivia has emerged as a bright spot in its region, 
posting an average annual growth rate of 5 percent for 
quinoa from 2005 to 2014, with a outstanding 
6.8 percent in 2013. Farmers who had once struggled to 
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make ends meet are now earning substantial revenue 
from quinoa cultivation. Similarly, Peru has become one 
of the world�s leading producers of quinoa. Peruvian 
quinoa exports have increased almost ten-fold since 
2010, growing from USD 15 million in 2010 to 
USD 143 million in 2015 (Bellemare, et al., 2016). 
Improvements in living conditions have subsequently 
improved livelihoods and education for mountain 
people in the Andes.

Some FSFs have high medical importance. For instance, 
drumstick has excellent medicinal properties � the 
leaves have a stabilizing e�ect on blood pressure and 
control glucose levels, and are useful for treating night 
blindness as they are a rich source of vitamin A. 
Drumstick is also used to treat anxiety, diarrhea and 
in�ammation of the colon, skin infections and scurvy. 
The leaves contain an ethanol derivative that can o�er 
relief to individuals su�ering from gastrointestinal 
disorders (Dandin, 2014). Many other wild plants show 
strong medicinal value, such as the rare White Garcinia 
fruit, found in forests in southern India, which is highly 
valued in Ayurvedic medicine to treat severe gastric 
re�ux. In the Pamir Mountains, sa�ower, purslane, black 
cumin, sea buckthorn and wild rose, among others, are 
used to treat common ailments (Kennedy, et al., 2017). 
The traditional medicinal value of plants can be further 
translated into high market value as a strategy to 
alleviate poverty. In China, traditional Chinese medicine 
is a system science guided by Chinese medicinal 
theories and relies heavily on the availability of 
high-quality medicinal plants. The health and medicinal 
value of a speci�c plant, often grown in the mountains, 
varies signi�cantly according to where it is grown, 
climatic conditions, soil type, use of fertilizers or 
pesticides, and when and how it is harvested and 
processed. Traditional medicinal plants with special 
origins are recognized as Dao Di Yao Cai, which have 
a high reputation in traditional Chinese medicine. 
For instance, Lei Gong Mountain � located in the 
Guizhou province of China at an altitude of 480�2 179 m 
and average temperature of 14�15°C � is a plant hub 
for traditional Chinese medicinal that produces 
1 305 species of medicinal plants from 206 families 
and 669 genera, including endangered and precious 
Chinese traditional medicinal plants, such as 
Du Zhong/Eucommia ulmoides (Eucommiae cortex), 
Tian Ma/Tall Gastrodiae (Gastrodieae rhizoma) and 
Hou Pu (Magnolia of �cinalis) (Qi, 2014). Traditional 
Chinese medicines, processed using these traditional 
medicinal plants in Lei Gong Mountain, are well-known 
in the traditional Chinese medicine market.

FSFs growing in the mountains, with minimal fertilizer 
or pesticides and often considered organic, have higher 
market value as niche products. For instance, in India�s 
Central Himalayan Region, women farmers are 
knowledgeable about many traditional agricultural 
practices that use no chemical inputs. Organized by 
agricultural microenterprises, 2 800 women farmers 
have increased supply and capitalized on the growing 
demand for organic products. Eighteen di�erent types of 
traditional crops are marketed in Indian cities, including 
buckwheat, horse gram and foxtail millet. Recognizing 
its high quality, a Japanese company is purchasing 
foxtail millet in bulk for the preparation of baby foods 
(Khalid and Kaushik, n.d).

3.3.4  Locally available or adaptable � 
mountain traditional knowledge

Expounders of FSFs recognize that they can help to 
preserve traditional mountain knowledge and the 
cultural identities of indigenous mountain people. 
Being locally available or adaptable is an important 
feature of FSFs that can contribute to sustainable 
mountain agriculture development. Thanks to the 
indigenous people who acquired the capacity to 
conserve and manage natural and agricultural 
ecosystems, many traditional food systems have healthy 
elements based on local crop species having high 
nutritional values and are well adapted to climate 
change implications. Consequently, many FSF species 
and varieties have excellent desirable traits to both 
survive and thrive in di�cult conditions, especially 
mountain areas.

Traditional farmers have domesticated, improved and 
conserved thousands of crop species and varieties over 
hundreds of years. They recognize that crop success is 
subject to variability and the unpredictability of weather 
conditions and occurrence of diseases and insect pests. 
This precious traditional knowledge is acquired through 
frequent interactions with the local environment, driven 
by the need to pursue subsistence strategies for food 
and economic provision, and is often transmitted within 
communities. Abundant evidence shows that 
indigenous people have, over the years, acquired 
traditional knowledge in the selection of traditional crop 
varieties and new varieties/landraces that could adapt 
more easily to climate change. For instance, there is a 
dependence on �nger millet in Northern India; as the 
rainfall has declined to 300 mm in recent years across the 
region, the �nger millet varieties grown and conserved 
by farmers have shown excellent drought resistance 
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and have therefore remained unchanged. This suggests 
that these varieties have su�cient adaptability to enable 
farmers to cope with periods of signi�cant rainfall 
shortages (Modi and Mafongoya, 2015).

As mountain traditional knowledge associated with FSFs 
is often undocumented or hidden due to the isolation 
of mountainous areas and language barriers, there is 
a need to proactively tap into this knowledge to 
understand the various traits of local FSF species and 
varieties. This means they can be improved and further 
adapted to local farming systems in mountains. 
Meanwhile, building knowledge about traditional FSF 
crops should encourage local landrace conservation 
and production, local seed fairs, community seed banks, 
and community-based conservation and adaptation in 
mountains regions (Modi and Mafongoya, 2015).

Moreover, it is recognized that traditional food systems 
in mountain areas are very much intertwined with the 
cultural identity of the indigenous people. They 
understand the local ecosystems and have built up 
a store of knowledge that has passed from generation 
to generation. It is this knowledge that will help protect 
and conserve mountain ecosystems so that these 
traditional food systems can empower mountain 
indigenous people and help improve their livelihoods.

3.4  Harnessing the potential of 
Future Smart Foods for mountain 
agriculture development

From a food system perspective, transformation of 
mountain agriculture and food systems to become more 
diversi�ed, nutrition-sensitive, climate-resilient, 
economically viable and locally adaptable is needed. 
FSFs can play a signi�cant role in transforming these 
systems if they are mainstreamed.

To tap into the opportunities that FSFs o�er for 
achieving Zero Hunger and poverty reduction in 
mountain areas, focus is needed on the identi�cation 
and prioritization of NUS that can be potentially 
become FSFs with local mountain specialty in terms of 
production, post-harvest and processing, marketing and 
consumption, and links to markets (Figure 3.1). Overall, 
the emphasis should be on building capacity for 

mountain FSF products at each development stage of 
the food system, i.e. prioritization, production, 
post-harvest and processing, marketing and 
consumption, and connecting all stages of the food 
system to minimize transaction costs.

To harness the potential of FSFs in mountain regions, 
it is important to establish an enabling environment 
that promotes diversi�ed, nutrition-sensitive, 
climate-resilient, economically viable mountain 
agriculture and food systems through the identi�cation, 
production, processing, marketing and consumption of 
FSFs with mountain specialties, linked to urban food 
systems. Government leadership is needed when it 
comes to building an enabling environment for 
mountain FSFs for mountain agriculture development. 
To unlock the hidden potential of FSFs and support 
the development of mountain agriculture, the role of 
the government is indispensable. Policies for mountain 
farmers need to be embedded in an overall policy of 
regional mountain development, covering all stages of 
FSF development. A holistic food systems approach for 
mountain FSF is as follows:

1 Prioritization: identify and prioritize NUS to be 
potentially FSFs with mountain specialty.

2 Production: increase production of targeted 
mountain FSFs in mountain farming systems 
adaptable to various agro-ecological zones.

3 Processing: improve the e�ciency of post-harvest 
and processing of FSFs mountain specialty product.

4 Marketing: promote the distribution and marketing 
of FSFs as mountain specialty product..

5 Consumption: Increase the demand for FSFs 
as mountain specialty product among consumers 
by increasing awareness and knowledge on their 
multi-dimensional bene�ts including 
nutritional value. 

Prioritize FSFs with mountain specialty
Identify FSFs with mountain specialty by following 
the established four-dimensional criteria to ensure 
sustainability: 1) nutrient dense, 2) climate-resilient, 
3) economically viable and 4) locally available or 
adaptable. By doing so, mountain communities could 
produce su�cient, nutritious and safe FSFs for 

Figure 3.1 Development stages of food systems for Future Smart Food

Identi�cation 
and prioritization Production Post-harvest 

and processing Marketing Consumption 
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themselves and gain the economic bene�ts of 
marketing surplus agricultural produce and services, 
while promoting conservation and the sustainable 
use of biodiversity, and ensuring environmental 
sustainability.

Increase production of FSFs with mountain specialty
To increase production of FSFs as mountain specialty 
product, it is important to conduct research and 
development on FSFs, especially the development 
of improved varieties of FSFs. The improved varieties 
need to be integrated into various mountain farming 
systems and adapted to local agro-ecological zones in 
the mountain areas. Meanwhile, it is important to build 
the capacity of smallholder farmers in the mountains to 
grow FSFs so that they have surplus FSFs for household 
consumption and extra to sell to markets. Part of 
improving capacities is to improve production 
e�ciencies by optimizing the use of resources while 
maximizing the output. This can sustain production and 
potentially make FSFs more a�ordable to consumers.

Processing FSFs with mountain specialty
Processing FSFs as mountain specialty products is the 
transformation of agricultural products into food, or 
of one form of food into other forms. Food processing 
includes many forms of processing foods, from grinding 
grain, to make raw �our to home cooking, to making 
jams and pickles to complex industrial methods used 
to make convenience foods for direct consumption. 
It includes post-harvest, processing, packaging and 
labeling to make the FSFs more convenient, accessible 
and informative with nutritional panels as special 
mountain products. These activities result in 
value-added produce that can reduce food losses 
along the value chain, and enhance smallholder 
farmers� income. 

Marketing: upgrade market chains
The process of introducing new products to the market 
connects production, processing, distribution, marketing 
and consumption. Good marketing should cover 
advertising, promotion, public relations and connection 
to market channels. Due to the physical isolation and 
limited resources of mountain communities, who are 
severely a�ected by low levels of education, there is 
limited knowledge and information on how to market 
products. Policy makers, especially local governments, 
should play a proactive role in the coordination of 
stakeholders to help indigenous people to develop 
market-oriented strategies for the sustainable 
development of FSFs, including market expansion of 
FSFs through fair trade and mountain product 

promotion. Advanced technical means could be used, 
including e-commerce, to overcome the barriers of 
geographical isolation for the promotion of FSF 
mountain products.

Increase demand for FSFs with mountain specialty
Increasing the demand for FSFs could be the driver for 
transforming agriculture and food systems, which will 
bene�t consumers, smallholder farmers and other value 
chain actors. The demand for FSFs can be increased by 
increasing consumer and smallholder farmer awareness 
about the multi-dimensional bene�ts of consuming 
FSFs. This requires more information on the nutrients of 
FSFs, the preparation of FSF crops, and techniques to 
access the population through processing and other 
value additions. Establishing trusted brands and 
changing consumer perception towards FSFs is vital at 
all stages of the process to bring FSF mountain products 
to markets. Current research �ndings and knowledge on 
FSF needs to be disseminated through various media, 
local agencies, newsletters and advertisements to 
promote the consumption of FSFs.

3.5 Conclusion
In an increasingly globalized and interdependent world, 
eradicating hunger and malnutrition remains a priority 
of the sustainable development goals. Recognizing the 
multifaceted challenges that mountain agriculture is 
facing given the fragility, inaccessibility and marginality 
of mountain regions, the contribution of mountain 
agriculture for Zero Hunger lies in its capacity to produce 
su�cient, nutritious and safe food from mountain areas. 
Harnessing the potential of mountain land that is 
suitable for agriculture production and which can 
sustainably produce su�cient, nutritious and safe food 
from mountains for Zero Hunger is key. FSFs o�er huge 
potential for mountain agriculture development to 
achieve Zero Hunger. The main multi-dimensional 
bene�ts that FSFs with mountain specialty are: 
(1) nutrient dense, rich in macronutrients and 
micronutrients, relative to the staple food crops of 
mountain populations; (2) climate resilient for climate 
change adaptability in the mountains, to enhance 
diversi�cation and resilience of agroecosystems and 
the ability to grow on marginal land withstanding the 
impact of climate change scenarios (e.g. drought, cold, 
increased frequency and intensity of extreme weather 
events); (3) economically viable, providing income 
opportunities for mountain populations and 
contributing to mountain livelihood improvement based 
on their higher nutritional and health value, higher level 
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of safety being organic, or as o�-season products; 
(4) locally available or adaptable, and therefore 
recognizing mountain traditional knowledge and the 
cultural identity of indigenous mountain people.

Many FSF species and varieties have excellent traits to 
both survive and thrive under di�cult conditions, 
especially in mountain areas. From a food system 
perspective, transforming mountain agriculture and food 
systems to be more diversi�ed, nutrition-sensitive, 
climate-resilient, economically viable and 

locally-adaptable system is the key to harnessing the 
potential of FSFs, particularly if they can be 
mainstreamed. To tap into the opportunities that FSFs 
o�er for mountain agriculture achieving Zero Hunger, 
focus should be given to identifying and prioritizing 
FSFs with local mountain specialties in terms of 
production, post-harvest and processing, marketing 
and consumption that are linked to urban food systems. 
Government leadership will be indispensable to 
achieving this end.
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Important but comparatively smaller mountain systems 
are also found across Asia. More than a third of the 
mountains of the continent are covered by forest and 
extensive rangelands. The mountains regions of Asia 
are broadly divided up into: (1) Hindu Kush Himalaya; 
(2) Highlands of Central Asia; (3) Plateau of Tibet and 
Magnolia; and (4) Uplands of Southeast Asia.

The Hindu Kush Himalayan (HKH) region extends 
3 500 km over all or part of eight countries: Afghanistan, 
Bangladesh, Bhutan, China, India, Myanmar, Nepal, and 
Pakistan. The range stretches from Afghanistan in the 
west to Myanmar in the east. The Hindu Kush Himalaya 
constitutes the source of ten large Asian river systems 
including the Amu Darya, the Indus, the Ganges, the 
Brahmaputra, the Irrawaddy, the Salween, the Mekong, 
the Yangtse, theYellow and the Tarim Rivers. The basins 
of these rivers provide freshwater to 1.3 billion people 
� nearly a �fth of the world�s population � living both 
in upstream and downstream areas of South, East and 
Southeast Asia (ICIMOD, 2010). It represents one of the 
geographically complex, culturally diverse, and 
economically underdeveloped and densely populated 
mountain ecosystems in the world. However, during 
the recent years, a variety of changes have emerged in 
the traditional resource use structure in HKH, mainly in 
response to increased population growth and rapid 
urbanization (Heath et al., 2018; Patra and Kantariya, 
2014). As a result, HKH is going through a worrying 
process of land use intensi�cations, rapid environmental 
changes, depletion of natural resources leading to 
ecological imbalance and socio-economic 
unsustainability both in mountains and lowland areas 
(Campbell, 2008; Tiwari, 2000).

The Central Asia Highlands constitute the great belt of 
mountains and plateaus between Hindu Kush Himalaya 
in the south and lowlands of Siberia in the north. 
In Central Asia, the chains of mountains originate from 
the plateau of Pamir in di�erent directions. More than 
10 percent of the area in Central Asia is covered with 
mountains. The main mountain systems of Central Asia 
include Pamir-Altai and Tien Shan which extend over 
an area of 3 882 000 km2 in the Republic of Kazakhstan, 
Kyrgyz Republic, Republic of Tajikistan, Turkmenistan and 
the Republic of Uzbekistan with a population of over 
53 million (Huddleston et al., 2003). The mountain and 
highland ecosystems of Central Asia o�er habitats for 
a variety of cultivated plants and animal breeds and 
globally important species of �ora and fauna. 
The plateau of Tibet enclosed by the Himalayan 
mountains and Kunlun ranges is the largest and highest 
plateau of the world (Huddleston et al., 2003).

The Uplands of the East and Southeast Asia are 
interspersed with broad lowlands associated with large 
rivers including the Mekong, Irrawaddy, Red, and Chao 
Rivers; and covered by hills, small mountains and plateau 
situated mainly in Thailand, Myanmar, Lao PDR and 
Viet Nam. The hills are characterized with undulating 
terrain and gentle to moderate slopes whereas the 
mountain areas have a high to very high surface 
gradient and are generally covered with forests. Most of 
the upland areas have a tropical and sub-tropical humid 
climate with tropical rainforest as the major form of 
natural vegetation. Most of the uplands in East and 
South East Asia are sparsely populated with a large 
number of communities practicing Swidden agriculture 
(slash-and-burn) (Huddleston et al., 2003).

4.3  Principal mountain farming 
systems of Asia

The pattern and characteristics of mountain agriculture 
are determined and shaped by a set of complex and 
interconnected speci�cities that include, inaccessibility, 
fragility, marginality, diversity, niche and human 
adaptation mechanism to these conditions (Jodha, 
2005). These typical characteristics present a range of 
opportunities as well as constraints to farming systems 
in mountains, and also in�uence human responses to 
them (Jodha, 1997 and 2005). Diversity in mountain 
agriculture is the product of interactions between 
various physical parameters and anthropogenic 
elements. This integrates the spatial structure of 
production processes and consumption patterns and 
requires territorial diagnosis followed by diversi�ed 
interventions and decentralized arrangements 
(technologies, infrastructure, and institutions).

This complex and integrated agricultural system has not  
only contributed to environmental sustainability, but 
also to food, nutrition and livelihood security for poor 
mountain communities for thousands of years (Maithani, 
1996). Integrated farming is a comprehensive term used 
to describe an interconnected land, forest, water, 
biodiversity and livestock based production system 
governed by a set of local institutions (Choudhary, 2013; 
Tiwari and Joshi, 2015; Taneja, 2016). It refers to 
agricultural and food systems that integrate crop 
production, livestock and other locally suited farm 
enterprises and conservation practices 
(Behera et al., 2004). Mountain farming is complex and 
diverse systems are created by multiplicity of 
agro-ecological conditions. The integrated farming has 
been a traditional production system since time 
immemorial; but in recent years it has been elaborated 
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as all-round development of agriculture, animal 
husbandry, horticulture, �sheries and other local farm 
occupations. This integrated farming system is an 
economically and environmentally sound diversi�ed 
production system (Behera et al., 2004). It signi�es 
optimization of various farm components and their 
integration for multi-enterprise farming systems in 
given set of agro-ecological regime to ensure resource 
use e�ciencies, higher productivity and pro�tability 
(Choudhary, 2013).

In Asia, traditional mountain agriculture is a highly 
diverse and interdependent farming system covering all 
land based activities such as agronomic or �eld crops, 
horticulture, animal husbandry, poultry and �shery as 
well as a variety of conservation practices owing to their 
organic and functional linkages (Everard et al., 2018). The 
sharp topographic variations, and climatic complexities 
along three dimensional mountain landscape from 
low lying valleys to higher elevations create diversity in 
agro-ecological systems, resulting in a range of farming 
and food production systems all across the mountain 
regions of Asia. At lower altitudes, intensive mixed 
farming systems are generally the most common form 
of agriculture production, whereas, at higher elevations 
pastoralism with seasonal transhumance is a widespread 
livelihood option as the rising altitude, decreasing 
temperature and steeper slopes limit the carrying 
capacity of natural resources (Huddleston and 
Ataman, 2003).

Over many generations, mountain communities have 
developed these diverse and complex farming systems 
for the optimal production of food and conservation 
of land, water and forest resources in which no input 
from outside the system is required (Pandey et al., 2017). 
Mountain farming systems integrate land, forest and 
livestock resources ensuring a complex, diversi�ed 
and interdependent production system consisting of 
crop husbandry, animal husbandry and conservation 
of bio-physical resources (Tiwari and Joshi, 2012a and 
2012b; 2013, 2014 and 2018a and 2018b). In Asia, the 
mountain farming system consists of three components 
as a source of livelihoods: (1) forest; (2) farmland; and 
(3) livestock/pasture systems. The mountain farmers 
have evolved farming systems where each component 
takes into account the diversity of the terrain and the 
complexity of climatic phenomena. The farming system 
is sustained with organic matter and nutrients that 
originate from the forests and rangelands (Pandey 
et al., 2017). These traditional agricultural systems have 
contributed signi�cantly not only towards preserving the 
high value genetic resources of plants and animals, but 
have also ensured food, livelihood and nutrition security 

for mountain communities for centuries (Ramakrishnan, 
1992). The system o�ers a vast repository of a large 
variety of crop cultivars adapted to diverse natural as 
well as sociocultural traits of the region has and 
contributed signi�cantly towards maintaining the 
diverse farming systems, cropping systems, crop 
diversity and genetic variability within species 
(Bahera et al., 2004; Yadav et al., 2001). The principal 
mountain farming systems of Asia are as follows:

4.3.1  Himalayan farming systems: 
(Bangladesh, Bhutan, India, 
Myanmar, Nepal and Pakistan)

Mountain farmer in these nations are know for their 
use of the Highland Mixed Farming System with animal 
husbandry being practiced alongside traditional crop 
cultivation. This represents one of the most signi�cant 
mountain farming systems, and constitutes the source 
of food and livelihood for the nearly 48 million rural 
mountain people who inhabit these regions 
(Huddleston et al., 2003). The Himalayan region is home 
to one the most complex, diverse and integrated 
farming systems in the world (Jodha, 1997; Aase et al., 
2013). The nature of the terrain and climate impose 
severe limitations on the scale of resource productivity 
as well as on the e�ciency of infrastructural facilities 
(Jodha, 2005; Maithani, 1996). As a result, forest based 
subsistence agriculture constitutes main source of rural 
food and livelihood for more than 75 percent of the 
population even though the availability of arable land is 
severely limited, agricultural productivity is considerably 
low, and the majority of land holding sizes are less than 
1 ha (Nangju, 2001; Papola, 1998; Tiwai and Joshi, 2018a). 
The forests, livestock and arable land make up the three 
basic components of the Himalayan agro-ecosystem, 
in which forests are pivotal to the maintenance of crop 
production levels (Tiwari and Joshi, 2012a and 2012b; 
ICIMOD, 2010). In order to preserve soil fertility levels and 
the productivity of land under sustained cropping in 
such an agro-ecosystem, there must be a net transfer of 
energy from the forests to arable land (Singh et al., 1984; 
Rasul et al., 2018). This �ow of energy from forest to 
cultivated land in the Himalayan agro-ecosystem is 
mediated through livestock, which is usually in the form 
of fodder of stall-fed cattle whose manure and labour 
are then applied to the cultivated land. On average, one 
unit of agronomic production in the region involves nine 
units of energy from the surrounding forest ecosystem 
(Singh et al., 1984). Due to the constraints of the 
subsistence economy, the intensity of cropping is as 
high as 168 percent (Pant, 2000), and a large proportion 
of rural youth-male population out-migrates the region 
in search of better livelihood opportunities 
(Maithani, 1996).
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In the Himalayan region, traditionally agricultural 
activities are concentrated in the valleys and mid-slopes 
located between 500�3000 m elevations above sea 
level. And Himalayan agriculture can be divided up into 
following three sub-farming systems:

4.3.1.1 Mixed crop livestock farming systems
This is the most common and widely practiced 
agricultural system across the Himalayas between 
elevations of 500 and 2 500 m which represent the most 
densely populated parts of the Himalayan Mountains. 
Cultivation of a variety of food and cash crops with 
livestock rearing constitute the traditional farming 
systems here. Livestock not only connects crop 
production with forests and rangelands and mediates 
the �ow of biomass energy from forest and grassland to 
agriculture, it also constitutes the main source of food, 
livelihood, nutrition security and income in mountain 
communities. In the Himalayas, the mixed cropping 
pattern is one of the most characteristic of the traditional 
integrated farming systems which consists of �ve 
categories of crops: (1) cereals; (2) millets; (3) pulses and 
(4) vegetables and (5) oil seeds. This system not only 
helps in maintaining high crop genetic diversity under 
low carrying capacity of natural resources, but also 
ensures optimal production for food and nutrition 
security under severe geo-environmental constraints. 
The enormous diversity of cultivated and wild plants, 
provides a variety of edible products in diverse 
geo-environmental conditions and remains one of the 
most important features of traditional integrated farming 
systems. The Himalayan agricultural system consisting of 
a massive diversity of cultivated and wild plants provides 
food, nutrition and livelihood security to local 
communities and maintains the diversity and stability of 
traditional mountain farming systems. It can also help 
preserve landscape diversity and natural resources 
(Choudhary, 2013).

4.3.1.2 Livestock � pasture farming systems
This system is common in the higher Himalaya from 
2 500 m to above 5 000 m and is mainly practiced in the 
Western Himalayan nations of India and in Pakistan. 
Sheep and goat �ocks are reared on natural pasture in 
the Alpine zone mainly by indigenous communities with 
transhumance as common practice. In this system 
various animal products are exchanged and sold for 
food and income generation. In order to ensure food 
and nutrition security, the farmers also grow vegetables, 
root crops and a variety of lentils in the marginal lands 
particularly during summer month at higher elevations. 
This is one of the oldest form of production systems and 
has existed in the Himalayan Mountains for thousands 
of years (Choudhary, 2013).

4.3.1.3 Shifting cultivation
Shifting cultivation or slash and burn agriculture is a very 
common form of farming system practiced across the 
North Eastern Himalayan ranges in India and Myanmar. 
In this system, a piece of land is cultivated until the 
soil-nutrients and fertility decline, and then left 
abandoned for some years allowing the land to 
replenish; and cultivation is shifted to another patch of 
land (Ansari et al., 2014). This is in fact the most 
comprehensive agro-ecological system ensuring food 
and nutrition security through the production of a range 
of crops, fruits, vegetables and livestock production 
system including piggery, poultry and �sheries and can 
help with conserving agro-biodiversity (Bahera et al., 
2004; Yadav et al., 2013).

4.3.2  Upland intensive mixed farming 
system (East and Southeast Asia)

In East and Southeast Asia, the upland and hills of 
moderate elevation are characterized by complex terrain 
and varied climatic conditions ranging from humid, 
sub-humid, tropical and sub-tropical to temperate. 
These uplands provide a variety of agro-ecological 
landscapes for diverse farming practices with multiple 
crop and livestock combinations and shifting cultivation 
(Huddlestone et al., 2003). This is a common and diverse 
mountain farming system practiced with the terracing 
of hills of moderate altitude and slopes, and the use of 
organic matter to maintain soil quality in Indonesia, Lao 
PDR, Northern Thailand, Southern China, Philippines and 
Viet Nam (Huddlestone et al., 2003). This farming system 
is characterized by the cultivation of a wide range of 
mostly permanent crops including paddy, pulses, maize, 
sugarcane, oil-seeds, fruits, vegetables and livestock, 
depending on geographic area, agro-climatic conditions, 
slopes and availability of water resources. Livestock 
production is an important component of the system all 
across the region that contributes draught power, meat, 
cash income and can boost savings through the sale of 
livestock products such as milk, meat, manure etc. 
A large number of poor and marginalized households 
depend on o�-farm activities for their livelihood under 
this farming system (Fullen et al., 2011). Increasing 
population pressure is bringing more marginal lands 
under intensive cultivation without adequate soil and 
water management measures which is leading to the 
steady depletion of agricultural resources and increasing 
poverty and food insecurity (Panomtaranichagul and 
Fullen, 2002).
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4.3.3  Highland extensive mixed farming 
systems (East and Southeast Asia)

This farming system is very common in the mountainous 
landscapes with humid and moist sub-humid 
agro-ecological conditions in East and Southeast Asia. 
The highland extensive mixed farming system is 
generally found above the upland intensive mixed 
farming system, but with poorer agricultural resources 
and lower population density (Roozitalab et al., 2011). 
This farming is practiced in highlands and hills of Lao 
PDR, Central and North Viet Nam, Northern Thailand, 
Northern and Eastern Myanmar and Southwestern 
China where extensive forested areas are interspersed 
with farming areas, and with low to very low population 
density and extensive grazing areas (Huddlestone et al., 
2003). Swidden (slash and burn agriculture) has been 
an important traditional farming system all across East 
and Southeast Asia for centuries. However, due to 
socio-economic transformation and change in the 
political order, this agricultural system is currently 
changing rapidly, mainly due to changes in the 
traditional natural resource use pattern, population 
growth, rural-outmigration, a decline in productivity and 
environmental conservation policies. In view of this, the 
highland extensive mixed farming system can be 
subdivided into permanent and shifting cultivation 
sub-types, both producing crops (including perennial 
crops such as fruit trees), livestock and forest products 
and providing livelihood for a large number of tribal 
communities. The main crops grown under highland 
extensive mixed farming system include upland paddy, 
pulses, maize, oil-seeds, fruits, forest products and 
livestock (Panomtaranichagul and Fullen, 2002).

4.3.4  Pastoral farming system 
(Highlands of Central Asia)

Pastoralism is practiced both in semi-arid and arid 
temperate agro-ecological zones with less than 
120 growing days per annum in both valleys and 
mountains of large part of Central Asia, Mongolia, 
Eastern China, and the highland plateaus of South Asia 
and the Hindu Kush Mountains (Zoï Environment 
Network, 2012; Roozitalab et al., 2011). The system is 
extensive in Western China and much of Central and 
Northern Mongolia, whereas it is highly intensive in the 
Central Asian highlands (Asian Development Bank, 2010). 
As many as 37 million rural mountain people in these 
sub-regions depend on such pastoral farming systems 
(Central Asian Mountain Partnership, 2008). Most of 
the pastures are located in high mountainous zones or 
adjacent dry zones. The farming system is dominated by 

transhumance pastoralism and is characterized by 
mixed herds of camels, cattle, sheep and goats which 
graze extensively on native pastures and rangelands. 
Major crops in such regions include cotton, barley, 
wheat, pulses, peas, broad beans, potatoes, grapes and 
fodder crops which are grown at subsistence level 
(Huddlestone et al., 2003).

4.4  Constraints and emerging 
threats to integrated farming 
systems

A variety of traditional integrated farming systems 
constitute the main source of food and livelihood for 
a large proportion of population in the mountains of 
Asia (Tiwari and Joshi, 2018b). However, this 
conventional farming system is now collapsing due to 
various natural and socio-economic factors in most of 
the parts of the region.

4.4.1  Shifting cultivation systems and 
limited arable land

In the Eastern Himalayan Mountains, the shifting 
cultivation system is gradually becoming non-viable 
ecologically due to an increase in population and drastic 
reduction in its fallow period. These changes are not only 
depleting land, soil, water and forest resources; but also 
leading to the loss of agro-biodiversity and a decline in 
food production and income from agriculture (Ansari 
et al., 2014). In Western Himalaya, a variety of changes 
have emerged in traditional agricultural resource use 
structure mainly in response to population growth, rapid 
urbanization, climate change, and increasing 
human-wildlife con�icts (Tiwari, 2008). As a result, land 
use patterns have changed and critical natural resources, 
such as, land, forest, water, and biodiversity have 
depleted steadily and signi�cantly declining agricultural 
production and abandonment of agricultural land 
(Tiwari, 2000; Tiwari et al., 2018). Moreover, the scarcity 
of arable land imposes severe constraints on sustained 
farming system in Himalaya as only, 8.3 percent of the 
total geographical area of Himalaya is available for 
cultivation (Maithani, 1996). As a result, in many parts of 
Himalaya, the availability of per capita land is below 
0.2 ha which is too small to support sustainable food 
production and livelihood for all populations in the 
region. As a result, the majority of land holding size 
(95 percent) is of less than one hectare (Tiwari and Joshi, 
2018a; Joshi, 2018; Aase et al., 2013).
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4.4.2 Migration and urbanization
The increasing trend of the abandonment of agricultural 
land has emerged as one of the serious threats to 
farming systems, particularly in Western Himalaya. 
The Himalayan State of Uttarakhand in India lost 
10.32 percent of its agricultural land between 2001 and 
2015 due to increasing trends in rural-outmigration and 
the resultant abandonment of farmland (Anmol, 2011; 
Tiwari and Joshi, 2018a; Joshi, 2018). The depletion of 
natural resources and resultant decline of agronomic 
production, climate change and frequent crop-failures 
caused by increasing incidences of extreme weather 
were identi�ed as the main drivers of rural-outmigration 
and agricultural abandonment in Himalaya (Mamgain 
and Reddy, 2017). Moreover, in recent years, incidences 
of human and livestock killings and crop depredation 
increased due to a steadily growing wildlife population 
resulting in serious human-wildlife con�icts and 
abandonment of agricultural land. The increasing 
human-wildlife con�icts contributed to 75 percent of 
land abandonment and caused the loss of more than 
1 500 human-lives, 1 100 heads of livestock and 
devastation of nearly 60 percent of crops in Western 
Himalaya over the last 10 years (Kansky and Knight, 
2014). The Himalayas are not only the most densely 
populated mountain range but are also the most rapidly 
urbanizing mountains in the world. However, the 
process of urban growth is mostly unplanned and 
unsystematic, leading to extension of urban land use 
in peri-urban areas (Tiwari et al., 2018). The Western 
Himalayan States of Himachal Pradesh and Uttarakhand 
in India, respectively, lost 4.71 percent and as much as 
12.97 percent of their prime agricultural land due to 
urban encroachment over the last 30 years, causing 
huge decline in agricultural productivity (Tiwari and 
Joshi, 2011 and 2016; Tiwari et al., 2018).

4.4.3  Climate change and diminishing 
water resources

The water resources of Himalaya are rapidly diminishing 
and depleting mainly due to land use changes and 
resultant hydrological disruptions and reduced ground 
water recharge (Valdiya et al., 1991, Tiwari, 2000; Tiwari 
and Joshi, 2012a and 2012b; Rawat, 2009). These 
changes are reducing the availability of water for 
drinking, sanitation and crop production (Scott et al., 
2018; Trambe et al., 2012). As a result, the region has lost 
nearly 15 percent of its irrigation potential over the last 
30 years a�ecting farm productivity particularly in 
productive valleys (Tiwari and Joshi, 2012b). Moreover, 
recent studies have indicated that global climate 
changes have stressed the Himalayan agricultural system 

through higher mean annual temperatures, altered 
precipitation patterns and more frequent and extreme 
weather events which are adversely a�ecting the food 
and livelihood security in Himalaya (Tse-ring et al., 2010; 
ICIMOD, 2010, Scott et al., 2018; Viviroli et al., 2011; IPCC, 
2014). The impact of climatic change is particularly 
severe in rain-fed agriculture in Himalaya where the 
balance between the availability and demand exists at 
a very low level with a high vulnerability. Further, it is 
expected that production of food is likely to decline 
mainly due to increasing water stress arising partly from 
rising temperatures and a reduction in number of rainy 
days, creating a very high risk of food insecurity (Tiwari 
and Joshi, 2012; Department of Science and Technology, 
2010). The long-term impact of changing climatic 
conditions would certainly change the conditions for 
food production through in�uencing irrigation potential, 
cropping patterns, crop rotation, cropping strength, 
and cropping intensity; and as a result, increase the 
vulnerability of large population to climate change 
(World Bank, 2018; Cline, 2008).

4.4.4  Transformation of integrated 
farming systems

The introduction of High Yielding Varieties (HYV) of food 
and fruit crops particularly wheat, paddy and apple 
during the 1970s in the Indian Himalayan Region and 
the application of new farm technologies and modern 
farming inputs, speci�cally, chemical fertilizers, pesticides 
and insecticides and market in�uences had the e�ect 
of eroding values and knowledge of integrated farming 
system in the region. This transformation of mountain 
agriculture resulted in the loss of agrobiodiversity, 
depletion of natural resources and disintegration of 
farming system in Himalaya. These changes transformed 
the traditional mixed-crop farming system to monocrop 
cultivation leading to massive loss of agrobiodiversity.

Socio-economic and technical constraints; There are 
several socio-economic and technical constraints to 
sustained agricultural productivity in Himalaya. These 
constrictions mainly include (1) inadequate access to 
appropriate technologies to local communities, 
particularly in remote rural areas for optimal utilization of 
agricultural resources and increasing their productivity; 
(2) extreme lack of marketing and processing facilities 
for the agricultural, dairy and horticultural produces; 
(3) insu�cient credit facilities for the agricultural sector; 
and (4) weakening community organizations and 
institutional framework for the optimal management 
and utilization of natural resources.
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4.4.5  Poor management of agricultural 
resources

In the highlands of Central Asia, due to increasing 
livestock populations and poor management of 
agricultural resources, natural pastures and rangeland 
are depleting and degrading. As a result, the production 
of wool and other animal products is declining, which is 
resulting into widespread poverty all across the region, 
both in irrigated and pastoral areas. The increasing 
incidences of droughts and severe winters and resultant 
loss of livestock are triggering poverty, and food and 
livelihood insecurity, particularly in pastoral ecosystems. 
However, at higher elevations where cold winters lead to 
dormancy or very slow growth of crops and fodder 
species, cultivation of some crop is still possible, and 
animals can be grazed wherever the natural growth 
of fodder is available. The degradation of the natural 
resource base is disrupting the farming system leading 
to rampant poverty and food insecurity. The cultivation 
of rain-fed crops in the mountains of Central Asia has 
increased soil erosion on steep slopes, and overgrazing 
has exposed these mountain territories to a high risk of 
deserti�cation. In addition, soil compaction, reduction 
of vegetative cover and increased erosion of mountain 
slopes is contributing to higher sediment formation and 
silt loading of the rivers with implications for the useful 
life and e�ectiveness of the reservoirs and irrigation 
canals and the generation of hydro-power 
(Zoï Environment Network, 2012).

The increasing population in hilly and mountainous 
areas of East and Southeast Asia is depleting the natural 
resource base and resulting into lowered yields, loss of 
biodiversity, scarcity of water in the dry season, poverty 
and increasing food and nutrition security. This is 
pushing crop cultivation to more fragile and steep 
slopes, and decreasing the length of the fallow period in 
shifting cultivation cycles. Collectively, these factors have 
an adverse e�ect on agricultural resources and their 
carrying capacity and on environmental and 
socio-economic sustainability across the region. 
Furthermore, government agencies and large timber 
companies have been responsible for widespread and 
unsustainable logging of natural forests throughout the 
upland areas leading to degradation of upland water 
and soil resources and declining farm productivity. 
The low level of development of rural infrastructure, 
marketing and communication facilities is also a�ecting 
the sustainability of upland agriculture and food and 
nutrition security of communities. Moreover, the 
changing climatic conditions have already stressed 
traditional food and agricultural systems through higher 
mean annual temperatures, altered precipitation 

patterns, hydrological disruptions and more frequent 
and extreme weather events in the all across the 
mountain regions of Asia (IPCC, 2014; ICIMOD, 2010).

4.5  Restoration and development 
of integrated farming systems in 
the mountains of Asia

As discussed earlier, a large proportion of rural 
population in mountain regions of Asia depends on 
traditional agriculture for its livelihood and supply of 
food even though the availability of agricultural land 
is considerably limited and productivity is low (Anmol, 
2011). Nevertheless, agriculture will remain one of the 
important economic activities in the region not only 
being the main source of food and livelihoods, but 
also comprise one of the core components of overall 
development and climate change adaptation strategies 
all across the mountain regions of the continent (Jodha, 
2005; Tiwari and Joshi, 2018a). This is because agriculture 
is not merely an important economic activity and 
constitutes a fundamental source of livelihood and food 
for local rural communities but farming also constitutes 
an invaluable source of traditional ecological knowledge, 
sustainable resource management practices and 
grossroot institutional mechanism (Jodha, 2005). In 
addition, mountain regions o�er highly productive and 
agriculturally prosperous valleys, mid-slopes, pastures 
and rangelands with wide agroclimatic diversity which 
have great potential to contribute towards the food as 
well as livelihood security in mountain communities 
(Zoï Environment Network, 2012). Also, potentially these 
varying agroclimatic zones, from valleys to higher 
elevations can be utilized for the diversi�cation as well 
as integration of agriculture, horticulture, �oriculture, 
dairying, and forestry.

For this to be a success, all sustainable development 
strategies aiming to attain food and livelihood security, 
distributive growth and economic justice, 
environmental sustainability and community 
empowerment in mountain areas need to be linked with 
local agricultural and food systems (Asian Development 
Bank, 2010). Such integration of di�erent sectors of the 
mountain economy with local agricultural production 
systems will create local viable markets and so make 
local agriculture economically viable (Campbell, 2008).

In the mountain regions of Asia, the geo-environmental 
constraints result in inaccessibility. In addition, It is 
di�cult to make use of modern agricultural inputs, 
such as fertilizers, irrigation etc. in high mountains 
characterized by high altitude, steep and fragile slopes 
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Box 4.1  Integrated farming systems for enhancing productivity and pro�tability under hill and mountain 
agro-ecosystems: a case study on the under-forestry economy (UFE) in China

Development status of the UFE in China
The UFE in China has a long development history, but in its original state, it was a phenomenon of self-organization by 
farmers looking to improve their livelihoods. In 2012, after the collective forest tenure reform, the promulgation of the 
�Opinions on Accelerating Development of UFE� directly promoted the rapid development of UFE, which includes 
under-forest cultivation, under-forest breeding, forest product collection and processing, and forest tourism as ways of 
improving livelihood opportunities. By the end of 2017, there were more than 400 million mus (267 000 km2) of forest land 
being used to develop the UFE. In addition, more than 60 million farmers, 20 000 professional cooperatives and more than 
2 000 leading enterprises participated in the development of the UFE. This meant that the UFE in China was constantly 
improving and the  output value of UFE in China exceeded CNY 750 billion in 20171.

The impacts of the UFE in China
The development of UFE contributes to the improvement of farmers’ income and rural livelihoods by increasing the 
productivity of various new income sources. The related research and assessment results show that the development of 
the UFE can enhance the income growth of farmers,2 especially low- and middle-income farmers,3 which means that this 
integrating practice plays a signi�cant role not only in addressing hunger and malnutrition in poor hill and mountain areas, 
but also in promoting rural development. Moreover, the development of the UFE plays a positive role in protecting the 
ecological environment on various levels, thereby preserving forest resources. The development of UFE also has an 
important impact on ensuring food security and the provision of safe food for society at large.

The keys to success: why does it work?
The development of UFE is depends of the work of many people and organizations, but the government�s guidance, 
promotion and support are undoubtedly the most important factors. Relevant government departments and local village 
committees have carried out publicity and support work, provided various skills training as well as incentive policies 
(Up to October 2016, 25 provinces in China issued provincial-level development plans relating to UFE; a further 
14 provinces had given special �nancial support to UFE).

Another reason UFE development in China has been a success, is that highly-talented people play signi�cant roles. 
By utilizing their economic expertise, market consciousness, cooperation awareness and brand perception, they lead and 
organize local forest farmers to develop the UFE in a pro�table direction. 

It is also particularly important to choose a suitable development model and a development strategy that takes local 
conditions into account. Superior resources can be used to develop and unique UFE products but this needs to be carried 
out in a way that protects resources.

It is the needs of farming communities that have ensured the rapid development of the UFE. Forest farmers now have 
management rights in forests and after the forest tenure reform, ownership of trees too. But there are still restrictions on 
cutting trees in protected areas. So the UFE is a way of protecting forest resources while also ensuring that local people 
have another source of income.

1 The 5th China UFE Development Symposium (2018) Outline of the �Under-Forestry Economy� Development Plan for Collective Woodland in China (2014�2020)
2 From the survey of UFE in GUANG XI and research results of the related dissertation (2017).
3 From the survey of UFE in GUANG XI and research results of the related dissertation (2017).

and a cold climate. This not only decreases farm 
productivity but also restricts communities� access to 
market and means that it is hard to get favourable terms 
when it comes to trading. (Asian Development Bank, 
2010). However, at the same time, mountains have huge 
potential considering the diversity of mountain farming 
systems, the special niche of mountain areas, the local 
institutional framework and adaptive capacity of local 
communities to develop coping mechanisms to 
environmental changes and risks. There is a huge 
potential for making mountain farming an ecologically 

conducive, economically viable and socially accepted 
means of food, livelihood and nutrition security all across 
the mountain regions of the continent.

In order to harness this potential, it will be necessary to 
�nd ways to enhance the utilization intensity and 
physical and economic input absorption capacity of 
land, evolve strategies for harnessing niche and the 
potential of diversities ensuring high productivity 
without degrading the ecosystems and depleting the 
natural resource base. There will also be a need to 
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improve capacity to cope with the emerging risks of 
climate change and natural disasters (United Nations 
Environment Programme, 2007 and 2008). This would 
require a an integrated watershed management 
approach in which the integrated farming systems 
should be mainstreamed into an overall process of 
development planning; and comprehensive 
agroclimatic zonation based on altitude, temperature, 
precipitation, soils, and slopes.

Furthermore, in order to ensure the ecological 
sustainability and economic viability of the integrated 
farming systems in mountain areas it is important to:

A Develop an agricultural resources information system 
at watershed level.

B Diversify agriculture production based on 
special niches.

C Develop value chain system and marketing facilities 
based on locational planning of agricultural facilities 
and services.

D Integrate mountain farming systems with other 
sectors of economy, particularly tourism.

E Attract more investment in mountain agriculture.

F Manage the risks and take advantage of the 
opportunities of economic globalization.

G Evolve strategies for productive use of fragile slopes 
and marginal lands.

The development of suitable crop varieties for cold 
to very cold highland regions and e�ective 
technologies for conservation and diversi�cation of 
traditional agriculture in the cold, arid and semi-arid 
highlands will be essential to ensure the 
sustainability of integrated farming systems in the 
mountain regions of Central Asia (Central Asian 
Mountain Partnership, 2008 and Regional 
Environmental Centre for Central Asia, 2014). This 
will also require the diversi�cation and integration of 
entire agriculture production systems such as 
inclusion of horticulture, vegetables medicinal and 
herbal crops (FAO, 2011). Moreover, evolving 
appropriate and e�ective climate change adaptation 
strategies in natural resources and the farming 
sectors and developing disaster risk reduction 
frameworks at watershed levels will be inevitable all 
across the mountain regions of Asia to ensure 
economically viable integrated agricultural 
production systems.

4.6 Conclusions
The mountain regions of Asia provide some of the best 
examples of integrated mountain farming systems 
which have evolved over thousands of years despite the 
fragility, inaccessibility and marginality which leads to 
low carrying capacity of natural resources in mountain 
areas. However, over recent years, the values of 
traditional mountain farming systems have eroded 
mainly due to population growth, rapid urbanization, 
the depletion of the natural resource base, economic 
globalization and market in�uences and climate change.

However, by capitalizing upon both the sociocultural 
and biophysical strength of the mountain landscape, 
integrated farming systems have the potential to 
contribute signi�cantly towards attaining food and 
nutrition security as well as securing viable livelihood 
opportunities for mountain communities. The potential 
of agroclimatic diversity in mountain areas ranging from 
productive valleys to higher elevations can be optimally 
utilized for the diversi�cation and integration of 
agronomic or �eld crops, livestock farming, horticulture, 
�oriculture, dairying, �shing, beekeeping and forestry 
at watershed levels. The development of value-addition 
products would be necessary for ensuring the 
sustainability of the entire integrated mountain 
production system in mountain areas. In order to attain 
this, the mountain farming systems should be 
considered as one of the integral components of 
sustainable mountain development planning.

Mountain agriculture therefore needs to be integrated 
with ongoing poverty eradication programmes, food 
and livelihood improvement strategies, and rural 
employment schemes as well as with ecological 
restoration and climate change adaptation mechanisms 
at national, regional and international levels. 
Furthermore, integration of di�erent sectors of the 
mountain economy with local agricultural production 
systems, increased credit in rural areas, and increased 
investment in mountain agricultural enterprises will 
help to make all types of mountain farming systems 
economically viable and ecologically sustainable.
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5.2  Characterization of case studies 
of watershed areas in China 
and Thailand

The details of sites of farmer participatory watershed 
management initiatives managed and implemented 
by an ICRISAT-led consortium in China and Thailand are 
shown in Table 5.1.

The major constraints for crop and food production are 
lack of water due to low and erratic rainfall, and severe 
land degradation from soil erosion causing large gullies 
and water run-o� due to steep slopes that results in 
frequent droughts. Farmers living in the watersheds, 
therefore, may be resource poor and not have the 
knowledge to take on new and emerging challenges.

5.3  Participatory, integrated and 
consortium approaches for 
watershed management

An ICRISAT-led consortium undertook comprehensive 
assessments of watershed programmes in India and 
the meta-analysis of 636 watershed case studies from 
di�erent agro-eco regions. The �ndings revealed that 
watershed programmes were silently revolutionizing 
rainfed areas and were economically remunerative for 
farmers. Some 99 percent of these programmes showed 
a bene�t-cost ratio of 2:1 with an internal rate of return 
of 27.2 percent (Joshi et al., 2008). These programmes 
bene�ted farmers by increasing irrigated areas by 
51.5 percent, improving cropping intensity by 
35 percent, and reducing soil loss to 1.1 tonnes/ha-1 and 
runo� by 45 percent. There was also an improvement 
in the availability of groundwater. However, about 

62 percent of the case studies showed a below average 
performance (Figure 5.1). Better performances of 
watersheds were realized in the rainfall regime of 
700�1 000 mm. This indicates a need to develop 
technologies suited to areas with a rainfall regime of less 
than 700 mm and more than 1 000 mm.

The results of the meta-analysis regression indicated that 
the bene�ts of watershed programmes vary depending 
upon the location, rainfall quantity and intensity, rainfall 
patterns, and the implementing agency. It is also 
important to emphasize that the status of the target 
population and people�s participation play a 
deterministic role in the performance and e�ciency of 
such watershed programmes (Joshi et al., 2008).

5.3.1  Integrated watershed management 
to enhance productivity and 
resilience

Watersheds are not only hydrological units but also 
connect upstream and downstream areas while 
providing life support to rural populations by making 
people, crops and animals an integral part of the 
watershed system. The activities of people, such as 
growing crops and raising livestock can a�ect the 
productive status of watersheds. Water scarcity (drought) 
due to land degradation can be addressed through a 
system of integrated watershed management.

A new generation of watershed development 
programmes has been implemented with the larger aim 
of addressing issues of food security, equity, poverty, 
severe land degradation and water scarcity in dryland 
areas. This new approach is people-centric and 
integrated for achieving Zero Hunger and improved 

Table 5.1 Details of case watershed sites in China and Thailand

Site Region
Geographic 

position
Number 

of families
Rainfall

(mm) Soil type
Major crops/ 
cropping systems

Xiaoxincun Yunnan, 
China

25° 36� 14� N/ 
103° 13� 12� E

86 640 Ultisols, 
Inceptisols

Rice, vegetables (broad bean, 
chilli, corn, groundnut, 
sweet potato, watermelon

Lucheba Guizhou, 
China

26° 35� N/ 
106° 43� E

365 1 284 Ultisols, 
Inceptisols

Cabbage, corn, kidney bean, 
rape, rice, soybean, sun�ower, 
watermelon and vegetables 
(chillies, eggplant, pumpkin, 
tomato, etc.)

Tad Fa Khon Kaen, 
Thailand

15° 30� N/ 
101” 30� � 140° 30� E

358 1 300 Ustults Bamboo, maize, vegetables, 
plantation, tamarind

Wang Chai Khon Kaen, 
Thailand

16° 30� N/ 
102° 47� E

358 1 171 Ustults Paddy, groundnut, soybean, 
sugarcane, cassava, cowpea, 
fruits vegetables
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livelihoods through sustainable management of natural 
resources. These recent watershed initiatives have been 
looking beyond soil and water conservation into a 
range of activities from productivity and pro�tability 
enhancement to interventions in agriculture, including 
both agronomic and horticultural crops, and animal 
husbandry. They also involve community organization 
and gender equity to build climate resilience 
(Wani et al., 2002, 2003 and 2007a). This more holistic 
approach requires optimal contribution from people 
of di�erent disciplinary backgrounds to create a 
demand for multi-stakeholder watershed 
development programmes.

In Asia, ICRISAT in partnership with national agricultural 
research systems, non-governmental organizations 
(NGOs) and the private sector have developed and 
evaluated an innovative farmers participatory integrated 
watershed consortium model aimed at increasing 
agricultural productivity and eventually improving rural 
livelihoods (Wani et al., 2003, Wani et al., 2014). The 
conventional watershed approach was compartmental, 
structure-driven and lacked an e�ective strategy for 
e�cient use of resources. Though watersheds served as 
the entry point, a paradigm shift was needed from these 
traditional structure-driven watershed programmes to 
a holistic systems approach to improve livelihoods, 
help alleviate poverty and to achieve food security 
through increased agricultural productivity using 
environment-friendly resource management practices 
(Wani et al., 2003, 2008a, 2014). Watershed management 
should also lead to exploring multiple livelihood 
interventions (Wani et al., 2006, 2007a, 2008a), which 
allows the new community watershed management 

model to �t into the livelihood framework as a tool to 
assist in the sustainable development of rural livelihoods 
(Wani et al., 2008).

The ICRISAT consortium model for community 
watershed management adopted the principles of 
convergence, cooperation, collective action, and 
capacity building (termed the 4Cs). Technical 
backstopping came from a consortium of institutions to 
address the issues of equity, e�ciency, economics and 
the environment (termed the 4Es) (Wani et al., 2008b). 
Later, Innovations, Integration, Inclusivity and 
Intensi�cation (termed the 4Is) were added thereby 
leading to the development of the 4 ICEs model 
(Wani et al., 2018b). The new integrated community 
watershed model provides technological options for 
management of surface water harvesting and waterway 
systems, in-situ conservation of rainwater for recharging 
groundwater, and supplemental irrigation. It also 
provides for the appropriate management of nutrients 
and soils, crop production technology and appropriate 
farming systems with income-generating 
micro-enterprises for improving livelihoods while 
protecting the environment (Wani et al., 2002, 2007a, 
2007b; Sreedevi et al., 2004).

To achieve equity for small farmers, a focus on 
demand-driven low-cost technologies with built-in 
tangible economic bene�ts comprises an integral 
component of participatory watershed management. 
This helps to ensure increased and e�ective individual 
participation. In a survey undertaken in watersheds in 
China and Thailand, 70 percent of the local people were 
involved from the initial stage. The same high 

Figure 5.1  Meta-analysis of watershed programmes in India based on economic parameters

Source: Joshi et al., 2008
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percentage of the population attended all meetings. 
Twenty-seven percent of the population were involved 
in decision-making, and 83 percent were involved in 
carrying out allocated tasks. Empowerment, 
involvement and ownership of the local communities 
in decision-making and the execution of tasks were the 
main reasons behind the success of the watershed 
management interventions. The ownership and 
important bene�ts to the communities helped to 
institutionalize watershed management to ensure 
that users would be willing pay for the interventions. 
This introduces the sustainability component in 
watershed management, allowing it to continue when 
the external aid, used to initiate watershed programmes, 
is phased out.

A consortium of multidisciplinary experts from di�erent 
institutions supported farmers in taking forward the 
watershed management programmes at study sites in 
China and Thailand. In the case of the watersheds in 
China (at Xiaoxincun and Lucheba), the consortium was 

made up of experts from the Integrated Rural 
Development Centre (IRDC) of Guizhou Academy of 
Agricultural Sciences (GAAS), Guizhou; the Tropical and 
Subtropical Cash Crops Research Institute of Yunnan 
Academy of Agricultural Sciences (YAAS), Kunming; and 
ICRISAT, Patancheru. For watersheds in Thailand 
(at Tad Fa and Wang Chai), the consortium was 
comprised of experts from the Royal Thai Department 
of Agriculture, Royal Thai Department of Land 
Development, Khon Kaen University and ICRISAT.

5.3.2  Water budgeting to plan a water 
management strategy

Before a water management strategy can be put in 
place, a water budgeting or a water balance of the 
identi�ed watershed area has to be undertaken to assess 
the occurrence of dry spells, as well as excess water 
available for harvesting based on the rainfall, soil 
moisture/water status and potential evapo-transpiration 
(PET) of the area.
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Figure 5.2a  Water balance in Tad Fa watershed in Thailand: data for the wet year of 2000 (left); data for the dry 
year of 2001 (right).

Figure 5.2b Water balance in the Xiaoxincun (left); and Lucheba (right) watersheds in China

Source: Wani et al., 2012
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Water balance/budgeting in the potential watershed 
areas can di�er drastically during wetter and drier years 
as compared to years where rainfall patterns are more 
normal. The process can be further a�ected by climate 
change, even when the total rainfall quantity has not 
been a�ected. This is because the change in rainfall 
distribution or the number of rainy days and the rainfall 
intensity a�ects the water balance of the watershed. 
The watershed interventions under discussion were 
planned based on the previous 30 years of average 
rainfall quantity and intensity. There is an urgent need to 
consider the growing impacts of climate change on 
rainfall quantity and intensity, rainfall distribution, and 
the occurrence of dry spells during the crop-growing 
season for planning water management strategies in 
the watershed. It is no longer possible to take a 
business-as-usual approach due to the serious 
implications of climate change, more speci�cally the 
increase in the number of days when rainfall intensity is 
high and the decrease in the total number of rainy days 
causing more dry spells during the crop-growing season 
(Rao et al., 2016).

In the Tad Fa watershed in Thailand, more rainfall than 
the potential PET was observed from the �rst week of 
April until the last week of October during the wet year 
of 2000 (Figure 5.2a left). Although, there were weeks 
when rainfall was less than the PET, as the soil was fully 
saturated by the last week of April, a water surplus 

(1 240 mm) was available for managing e�ciently. 
However, a 352 mm annual water de�cit was 
experienced during the dry period of the year. 
During 2001, a dry year, rainfall surpassed PET from the 
last week of April and this continued up to the middle 
of September (Figure 5.2a, right), resulting in a small 
(77 mm) water surplus over two weeks and a 
considerable annual water de�cit of 578 mm.

In China, the Xiaoxincun watershed showed a high 
annual PET of about 1 464 mm compared to rainfall of 
640 mm, with a large water de�cit (Figure 5.2b left). 
The Xiaoxincun watershed in Yunnan province 
experienced very little water surplus for a short 
duration in the rainy season only, suggesting that in-situ 
rainwater conservation measures would be 
economically more rewarding and investments in ex situ 
rainwater harvesting could be moderate in bene�ts. 
However, another watershed in a nearby province 
Guizhou showed a lower annual PET of 891 mm with 
1 284 mm annual rainfall. This resulted in a large 
(384 mm) water surplus, particularly during June and 
July (Figure 5.2b, right).

Such studies on distribution of various water balance 
components reveal uneven distribution of rainfall during 
the year and suggest the need to adopt measures for 
e�ciently harnessing and conserving surplus water 
during rainy periods to counter water de�cits, 

Table 5.2 The impact of improved watershed management in reducing runo� water

Country Study site Rainfall (mm) Runo� (mm) Runo� as percentage of rainfall

China Xiaoxincun 344 24.3 7.1

India Kothapally 743 44.0 7.8

Thailand Tad Fa 1 284 169.0 13.2

Wang Chai 940 210.0 22.3

Figure 5.3 Various interventions implemented in the watershed
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particularly during dry periods of the year or in a dry 
year itself. Improved watershed management can be 
achieved by constructing water harvesting structures, 
contour cultivation across slopes, the planting of 
Gliricidia on bunds (embankments), ensuring less 
exposed soil erosion through increased cropping 
intensity, increased use of organic manures, and better 
crop growth due to adoption of new varieties aimed 
at o�ering more balanced nutrition. All these practices 
would restrict the free �ow of water, leading to more 
in�ltration and reduce runo� in comparison to the 
rainfall received (Table 5.2), as generally more than 
30 percent of rainfall is lost as runo�. The reduced runo� 
in�ltrated into the soil would augment green water 
sources in rainfed agriculture. Green water sources are 
vital for food production with almost three times more 
green water being used than blue (5 000 versus 
1 800 km3 y�1), (Karlberg et al., 2009). Soil erosion, which 
is a major environmental problem particularly in Yunnan 
province of southwest China and other parts of the 
semi-arid tropics (SAT), including the benchmark site 
Tad Fa in northeast Thailand, will decrease due to 

improved watershed management measures that would 
restrict displacement of soil particles and loss thanks to 
the reduced water runo� (Figure 5.3).

5.3.3  Impacts of integrated watershed 
management in the Lucheba 
watershed in China

In the Lucheba watershed in China, land-use patterns at 
the household level changed favourably after improved 
irrigation resulted in a 94 percent increase in irrigated 
areas and a 34 percent reduction in rain-fed areas 
(Wani et al., 2013). The area under high-value 
horticultural crops, such as vegetables, increased 
signi�cantly for the average household due to more 
e�ective water conservation measures and other 
improved management practices.

Crop Production System: The impact of watershed 
development on crop production system and related 
components was assessed in the Lucheba watershed in 
China through participatory rapid rural appraisals (PRRA). 

Table 5.3  Changes in area and yield of major crops before and after watershed management in the Lucheba 
watershed in China

Crops and cropping system 
(intercrop or sole crop)

Before After

Area (ha) Yield (kg/ha) Area (ha) Yield (kg/ha)

Corn (intercrop) 3.230 29 563 0 0

Corn (sole crop) 1.840 24 918 0 0

Rice (sole crop) 5.113 29 782 0 0

Cabbage 0 0 4.00 363 549

Tomato (sole crop) 0 0 3.40 640 880

Pepper (sole crop) 0 0 2.04 281 690

Cucumber 0 0 0.66 443 147

Chilli (sole crop) 0 0 1.40 299 786

Figure 5.4 Community and farming nursery of sweet potatos
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Table 5.4  Changes in crop production system and �eld inputs and outputs in 2003 and 2012 in the Lucheba 
watershed in China

S. Number Indications 2003 2012

1 Cropping system

a. Summer Rice, maize Vegetables � Chinese cabbage chilli, tomato

b. Winter Rapeseed Vegetables � Chinese cabbage

2 Cropping intensity (%) 100 � 150 300 

3 Irrigation area Largely rain-fed Total irrigated

4 Use of improved seeds Partial Total cropped area under high-yielding varieties 
(HYVs)/hybrid

5 Fertilizer use (tonne) Yes Yes

Nitrogen (N) 21.3 78.0

Phosphorus (P) 5.8 4.2

Potassium (K) 8.8 10.0

6 Use of agriculture. Plastic �lms Nil 15 000 kg

7 Mulch �lm Nil 14 800 kg

8 Area under mulch �lm Nil 7 500 mu

10 Area ploughed by tractor Nil 3 500 mu

14 Net income CNY 1 057 per ha CNY 3 680 per mu

15 Fuel availability Forest based Liquid petroleum gas and electric

16 Wood, bio-gas Cooking modes

17 Drinking water Acute shortage Adequate and reliable water availability

18 Migration from village Important part 
of livelihood

Nil, due to crop diversi�cation being higher
Opportunity cost for labours

Source: RRA-July 14, 2013

Box 5.1 The Lucheba watershed at glance: 2012

The total area of the Lucheba watershed is 7.2 square km and it has a total population of 1 370, of whom 860 are labourers. 
There are 11 villages at 1 340 m above sea level and six Farmers Groups. Arable land accounts for 3 350 mu (1 ha = 15 mu) 
of which 3 300 mu is irrigated and 50 mu is now dry land. Forest coverage is 43.8 percent. Thirty-�ve farmers have become 
trainers and instruct other farmers, and 85 farmers having earned the title of Farmer Technician. Vegetables are grown on 
10 000 mu, three times the amount grown on total irrigated land in 2002. Annually 30 600 tonnes of produce is sold, with 
a product gross value of CNY 36.8 million and a net per capita income of CNY 6 800 in 2011 and CNY 8 100 in 2012, which 
is an increase of 19 percent in per capita income within one year. In 2012 chillies were grown on 1 500 mu, tomatoes on 
500 mu, Chinese cabbage on 1 000 mu and beans, eggplants (brinjal), etc. on 300 mu.

The benchmark crops before starting the project were 
corn, kidney bean rapeseed, rice, soybean and sun�ower. 
But after watershed implementation cabbage, 
watermelon and other vegetables such as chilli, 
eggplant, pumpkin, and tomato are being cultivated 
with improved agronomical practices and using hybrid 
seeds. A major shift in crop area and yield levels at the 
household level can is shown in Table 5.3. The area 

under maize, peas and rice cultivation decreased by 
18 and 38 percent, respectively, in favour of the 
increased area under high-value horticultural crops 
such as vegetables which increased by two to six times 
(Wani et al., 2013). Similarly, after watershed 
management, yield levels of �eld crops increased in the 
range of 6 to 19 percent for maize and rice, while for 
di�erent vegetables the increase in productivity was in 
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Box 5.2  The improving prosperity and livelihood of Mr Yixianyou in the Lucheba in China through 
integrated watershed development

Back in 2002, Mr Yi and Mrs Liu Rui and their son Mr Liu Yong made a living by cultivating 1.3 ha of agricultural land in the 
Lucheba village of Kieanong Township in Pingba County of Guizhau Province in southern China. Mr Li and Mrs Liu Rui used 
to grow maize and millet, and struggled to produce su�cient food for their family�s food security. The son, Yong migrated 
to work in the city as a construction worker when he had completed high school. Their family income in 2002 was around 
CNT 3 500 per annum (a per capita income of CNY 1 200 per year). They were living in an old house in the village and were 
looking for way to move out of poverty.

In 2013 researchers visited Mr Yi and his family, and were greeted with the sight of their grandson playing with a remote 
control car in the courtyard of the family�s gated, two-storey house. Mr Yi was in the house, sitting on a comfortable sofa 
and taking part in a meeting involving ten farmers of his group who were discussing an impact assessment of 
ICRISAT-Asian Development Bank (ADB) project on integrated watershed. The house was well designed and constructed, 
with a fully equipped kitchen that included and induction plate on a cooking platform and an excellent set of utensils and 
crockery. In the adjoining room was a 36-inch LED TV with a dish antenna and DVD player, as well as a music system, 
a refrigerator and water puri�er supplying cold and hot water. In the main hall, the researchers spoke to Mrs Liu Rui with 
Dr Hao Wieping from the Chinese Academy of Agricultural Sciences (CAAS) acting as a translator.

Mrs Liu said, �Our annual income is about 50 000 to 60 000 (CNY) (USD 8 333 to 10 000) and we don�t want to go to city at 
all to make a living. We enjoy our life here. In fact, our son who had worked in the city earlier has come back and joined the 
family to farm. � This house is for their son with Mr Yi and Mrs Liu Rui having a separate house in the village but the whole 
family stays together. Eight years ago they constructed the �rst �oor of this house on land that is their ancestral property. 
Five years later, they decided to add a second �oor and spent about CNY 200 000 (USD 33 330) on construction. Mrs Liu 
said, �we used to grow corn and millet but since 2003 we slowly moved into growing vegetables and now we only grow 
vegetables. It pays well and four years ago we purchased a fridge for the house, and two years ago we bought a car. First 
we purchased a motorcycle and small tractor (power tiller) for cultivating our land, then we acquired a small truck for 
vegetable produce transportation.� She very humbly pointed to all their assets in the shade of the courtyard.

Mrs Liu�s main concern was that there is little extra labour in the village and all the �eldwork is done by family members 
only. So their son has also joined them along with their daughter in-law. They had spent about CNY 50 000 (USD 8 330) 
on gifts to the bride on the occasion of their son�s marriage. Researchers asked Mrs Liu about �nancial loans, and she was 
adamant that the family hadn�t taken any out. In response to the inquiry as to whether they can get additional land for 
cultivation in the village, she said, �No land is available here now for leasing or purchasing.� When asked about the family 
bank balance, Mrs Liu gave an estimate of CNY 20 000 to 30 000 (USD 3 330 to 5 000). Her �rst priority for investment is 
house construction for the whole family then saving funds for risk reserves for years of bad agriculture. She said, 
�We are a middle class family in the village and there are at least 200 families who have similar living standards.�

By now Mr Yi had �nished his meeting with the farmer�s group members and joined the discussion. To validate what they 
had heard from his wife about the income and his investment priorities, researchers made enquiries. Mr Yi said that his �rst 
priority was his grandson�s education and investment in the business such as transportation, as other needs for housing 
and household appliances had now been met. The total income from agriculture for their family is about CNY 70 000 to 
80 000 (USD 11 660 to 13 330) per annum and net income or pro�t is CNY 30 000 to 40 000 (USD 5 000 to 6 660) per 
annum. Mr Yi said the family had a current bank balance of CNY 40 000 (USD 6 660) higher than his wife�s estimate of CNY 
20 000 to 30 000.

the range of 32 to 673 percent. The similar yield levels of 
farmers are a clear indication of a signi�cant contribution 
of well-designed technical and extension support 
services to farmers in the Lucheba watershed. The rapid 
rural appraisal (RRA) and focus group discussions (FGDs) 
also backed this evidence.

Farmers do apply considerable quantities of chemical 
fertilizers and pesticides to their crops. To conserve soil 
moisture, a large quantity of plastic mulch �lm is used 
to cover most of the cropped area. This is a recent 
innovation in production systems (Figure 5.4), in addition 

to the use of tractors for ploughing. All these practices 
in the post-watershed period have increased land 
productivity, total production and have boosted the sale 
of farm produce. This has led to increased village income 
and has reduced migration signi�cantly. Another impact 
of conserving soil moisture by the use of plastic mulch 
has been an increase in the availability of irrigation and 
drinking water. A sizable reduction in the livestock 
population has been observed by the villagers, except 
for backyard poultry raised for home consumption 
(Table 5.4).
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5.3.4  Forage production and animal-based 
livelihoods

Increased water availability as a result of e�ective 
watershed management has enabled farmers to increase 
not only cropping intensity, but also diversi�cation of 
their land-use production systems involving horticultural 
or forage crop on sloping lands. In the study site at the 
Lucheba watershed, the area under forage production 
increased by 87 percent, from 8.4 ha in 2003 to 15.7 ha 
in 2005 (Table 5.5), which resulted in two major bene�ts: 
arresting soil erosion on sloping lands and increasing 
forage supplies for a livestock-based production system. 
The maximum area under forage crops was under rye 
(85 percent), followed by alfalfa (13 percent). Livestock 
including ruminants are important components of 
mixed crops-livestock farming systems that can provide 
an alternative source of income to improve livelihoods. 
Mixed farming systems also improve resilience to 
commodity price volatility and impacts of climate 
change. The holistic watershed management 
interventions substantially increased the livestock 
population and agriculture productivity at the Lucheba 
watershed. The substantial increase in animal population 

also proved instrumental in promoting biogas plants 
for to meet the daily energy needs of households in 
watershed areas. Construction of biogas plants in the 
Lucheba watershed area has increased, and now more 
they meet the energy needs of more than 230 homes in 
the village. By switching over to biogas plants to meet 
domestic energy requirements, one household saved 
about CNY 690 (USD 87) per annum because there was 
no longer a need to purchase coal, and saved 3�4 hours 
a day of hard work for women per day as they no longer 
needed to collect fuel wood from the forest. So the 
biogas initiative is also helping to conserve local forests 
and woodlands.

5.3.5  Input utilization, output and income 
patterns in crop production

The introduction and cultivation of high-value vegetable 
crops in the Lucheba watershed in China, has greatly 
increased the need for labour, machinery and animal 
power in comparison to more traditionally grown �eld 
crops like rice and corn. Similarly, the use of fertilizers 
and pesticides for plant protection is much higher for 
vegetable crops compared to �eld crops (Table 5.6), and 

Table 5.5  Impact of watershed management interventions on forage production development in the Lucheba 
watershed in China

Year
Area under forage 

(ha)
Yield 

(t ha-1)
RWUE 

(CNY mm-1 ha-1)
Net monetary return

(CNY ha-1)
Bene�t-cost 

ratio

2003 8.4 36.9 28.8 13 220 1.4

2005 15.7 41.9 32.6 22 473 1.8

Table 5.6  Various inputs used in in the production of di�erent crops during 2012 in the Lucheba watershed 
in China

Inputs

Crop type

Corn Rice Cabbage Pepper Tomato Chillies

Working Power

Human labour (person days/ha) 121.0 235.0 157.0 186.0 356.0 196.0

Machinery (hours/ha) 6.6 13.2 15.5 16.3 16.3 16.9

Animal power (hours/ha) 36.4 51.6 15.8 23.5 14.3 22.5

Fertilizer (kg/ha)

Nitrogen (N) 838 1 073 1 044 1 479 1 268 1 050

Phosphorus (P) 987 1 561 1 512 1 897 2 325 1 425

Potassium  (K) 280 289 372 525 864 211

Other (specify)

Pesticides for plant protection (litre/ha) 3.9 3.6 5.1 7.1 14.2 9.7

Seed (kg/ha) 30.0 20.0 0.6 0.5 0.2 0.6
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has been rising since the initial phase of the watershed 
management development (Zhong Li et al., 2005). Such 
an increase, particularly in the use of pesticides, must be 
monitored to assess the impact on the environment and 
human health, and to ensure sustainable and 
environmentally friendly agronomic practices. Farmers 
are using highly productive hybrid seeds for all the crops 
grown, and more than 60 percent of farmers attributed 
the adoption of new technology to the timely 
availability of hybrid seeds. Net returns from all 
vegetable crops are several times higher than for corn 
and rice (Table 5.7). Also, for chillies, cabbage, tomatoes 
and peppers, cost-bene�t ratios are 1:9.8, 1:6.4, 1:5.2 and 
1:5.1, respectively, which compares favourably with rice 
and corn�s cost-bene�t ratio of 1:1.9 and 1:2.0, 
respectively (Table 5.8).

5.3.6 Emerging market patterns
After watershed interventions, which resulted in a 
marketable surplus production of high-value vegetables, 
a mixed marketing pattern has emerged that is very 
di�erent from the self-marketing method used in the 
past. Before e�ective watershed management, farmers 
were selling their produce of corn and rice in the village 
themselves. But the cultivation of vegetables has created 
new marketing channels and types of markets in the 
village (Table 5.9). Collective marketing through 
farmers� village associations (FVA) and middle men or 
agents are now major methods of selling produce � 
largely to semi-organized and unregulated markets 
using the Internet. It is important to note that with 
these Internet marketing facilities and assistance from 
FVAs, nearly 73.3 percent, 66.7 percent, 40.0 percent and 

Table 5.7  Cost of inputs, yield levels and net returns in di�erent crops produced during 2012 in the Lucheba 
watershed in China

Inputs

Crop type

Corn Rice Cabbage Pepper Tomato Chilli

A Cost of inputs (CNY/ha)

1 Labour

Human 700 583 1 610 1 856 1 674 1 342

Machine 277 245 500 504 507 501

Animal 676 203 450 450 450 0

2 Irrigation 436 0 29 28 24 20

3 Fertilizer and pesticides 2 447 1 664 4 486 7 639 12 192 2 613

4 Seed 445 468 270 1 767 2 578 1 967

B Yield (kg/ha) 6 248 5 394 59 114 31 431 56 228 31 583

C Farm gate price (CNY/kg) 1.5 1.2 0.8 2.0 1.6 2.0

D Gross value of output (CNY) 9 372.0 6 472.8 47 291.2 62 862.0 89 964.8 63 166.0

E Net return (CNY/ha) 4 391 3 310 39 946 50 618 72 540 56 723

Table 5.8 Bene�t-cost ratio of the production of di�erent crops in 2012 in the Lucheba watershed in China

Particulars Before After 

Rice 1.77 1.9 

Maize/corn 1.26 2.0 

Vegetables* 1.40 5.5 

Watermelon 0.47 �

Pepper � 5.1 

Chilli � 9.8

* Tomatoes, brinjal (egg plant), okra, etc.
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Table 5.9 Marketing patterns in 2012 in the Lucheba watershed in China

Name of 
the crop

Marketing mode (%) Market type (%)

Total 
quantity 
sold (q)

Selling 
price 

(CNY/Kg)

Farmers 
who sold 

their 
production 
at expected 

price (%)

What 
marketing 

support will 
help you 

realize 
maximum 
revenue?Se

lf
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Cabbage 0.0 40.0 56.7 0.0 0.0 63.3 63.3 4 033 0.8 66.7

Contract 
System

Pepper 0.0 40.0 20.0 0.0 0.0 60.0 60.0 537 1.9 40.0

Tomato 0.0 40.0 56.7 0.0 0.0 60.0 60.0 1 821 1.6 73.3

Corn 76.7 0.0 0.0 0.0 0.0 0.0 63.3 200 1.4 53.3

Rice 76.7 0.0 0.0 0.0 0.0 0.0 63.3 198 1.6 4.8

Chilli 0.0 63.0 36.7 0.0 0.0 60.0 0.0 399 2.7 36.7

Table 5.11  Gross income of farming households before and after the watershed management project 
in the Lucheba watershed in China

S. Number Source of income Before (CNY) After (CNY) Percentage change (%)

1 Crop 95 500 279 129 192

2 Livestock 51 000 01 -100

3 Non-farm 90 000 33 000 -63

Total 236 500 312 129 32

Table 5.10  Employment and income from farm and non-farm activities before and after the watershed 
management project in the Lucheba watershed in China

Sources Units

Before project After project Percentage change

Number 
of units

Per unit 
cost

Number 
of units

Per unit 
cost

Number 
of units

Per unit 
cost

Casual village labour 
(farm work)

Work days 230 110.0 330 200 43.47 81.81

Casual village labour 
(non-farm work)

Days 1 330 677.5 300 990 -77.40 46.12

Income from migration Work days 250 50.0 200 100 -20.00 100.00

Remittances (sent from 
family and relatives)

� � � � � �

Sale from common 
property resources (CPRs)

� � � � � �

Business net income 
(shops, trade, tailor, etc.)

� � � � � �

Part-time job � � � � � �

Sale of CPRs includes �rewood, fruits, etc.
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With a shift in food consumption patterns (i.e. a dietary 
shift away from cereals towards meat and vegetables), 
the agribusiness environment is becoming volatile. The 
demand for �safe and hygienic food� is on the rise and 
there has been a shift from product to process standards. 
While inspection of produce, particularly at points of 
export and import, remains an important part of the 
food safety system, there is growing concern about the 
processes and systems that exist in the country of origin. 
For example, for Nepalese honey to be sold in the 
European market, it is not su�cient that the honey 
samples pass tests that show they possess no threats to 
human safety. The country itself �rst needs to be listed 
as an eligible country for exporting honey to the 
European Union (EU) based on assessment of residue 
monitoring and quality control systems (Joshi, 2008). 
The introduction of systems, such as Hazard Analysis 
and Critical Control Points (HACCP), requires new 
systems to be established and veri�ed, which imposes 
additional costs. A second challenge relates to 
certi�cation that is appropriate for small producers.

Meeting the market requirements for agribusiness 
products has become more challenging in recent years 
for three reasons:

1 satisfying food safety requirements and compliance 
with standards;

2 satisfying requirements of demanding buyers in 
terms of large volume, speed and reliability of 
delivery, and customization of products; and

3 maintaining the identity and distinctiveness of the 
product as it moves along the value chain.

Considering that mountain agriculture is highly diverse, 
small-scale and inherently green, the Mountain 
Partnership Products Initiative (MPP Initiative) and 
other organizations such as the ICIMOD strive to create 
demand for high-quality traditional mountain products, 

harness comparative advantages and create fair incen-
tives/compensation for mountain farmers, particularly 
for women, who are often left to manage the farms and 
households as men migrate to lowland areas in search of 
additional sources of income. An increased demand for 
traditional mountain products can increase their income 
through trade and manufacturing. In this chapter, an 
approach is laid out for creating shared 
value through improved value-chain development.

6.3  Integrated value-chain 
development approach 

The integrated value-chain development approach is 
a market driven systems approach, which focuses on 
linking households and/or communities to growing 
markets, so that they can earn income to purchase 
additional food while reducing the risks that come 
with relying solely on their own production. This will be 
done by striking the right balance between improving 
productivity while ensuring market functionality and 
sustainability. It emphasizes speci�c opportunities 
(e.g. the comparative and competitive advantages of 
mountain products and services) and challenges to 
achieving sustainable and inclusive growth.

The generic value-chain approach focuses mainly on 
improving the competitiveness of targeted commodities 
by ensuring quality control from production to 
post-harvest handling (grading, processing, packaging 
and storage), marketing and distribution, and 
consumption. However, the integrated value-chain 
approach puts emphasis on building the resilience of 
production systems by promoting climate-smart 
practices and livelihood diversi�cation through 
improving access to �nance and other business 
development services, including post-harvest handling 
and enterprise/entrepreneurship development. 

Table 6.1 Five key characteristics of resilient community

Characters Characteristics of resilient community 

Knowledgeable Has the ability to assess, manage and monitor risks, and can plan to address risks

Organized Has the structure (e.g. management committee, cooperative) and capacity to collectively set priorities, 
make decisions and act upon them

Connected Has relationship with local governments and other external actors, who provide a wider supportive 
environment and supply goods and services when needed

Economic 
opportunities

Has diversi�ed income sources and employment opportunities, access to �nancial and other business 
development services for enterprise and value chain development

Natural assets Recognizes the value of natural resources and has skills and ability to maintain, protect and utilize 
natural assets
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In this approach, the interventions are designed based 
on climate-change risk and vulnerability assessments 
and a detailed diagnosis of value-chain needs for 
high-value products. With the understanding of the root 
causes that block the development of value chains, 
opportunities are being explored to bring in innovations 
(going through di�erent stages/�nding di�erent ways 
of doing things) to build new relationships and facilitate 

upgrading value chains in terms of process, function and 
product improvements.

The value-chain interventions focus on �ve 
characteristics of resilience building (Table 6.1). 
The �rst step is to sensitize communities and raise their 
awareness and ability for assessing, managing and 
monitoring risks at the local level. The facilitation 

Box 6.1  Case study on the e-commerce development of agricultural products in China

According to data published by China�s Ministry of Commerce, the online retail sales of physical commodities in in 2018 
was USD 1.06 trillion, an increase of 25.4 percent over the previous year. Of this, the value of agricultural products was 
USD 34.8 billion, representing a 33.8 percent year-on-year growth. According to data from 2018, agricultural products 
accounted for only 3.3 percent of total retail sales of physical commodities. Even so, because of the huge growth of online 
sales of agricultural products, the proportion of online retail sales of such products will be higher in the future. Traditionally, 
due to low prices, the di�culty in standardization, short preservation times (agricultural products perish quickly), and other 
characteristics, agricultural products have not been the natural choice for online sales, especially when compared with 
what are known as 3C products: computers, communication and consumer electronics. But as China�s economy is 
currently slowing down and the consumption of manufactured goods has nearly reached saturation point, the 
e-commerce sector has begun to pay closer attention to the potential of agricultural products. In addition, the Chinese 
Government is looking at e-commerce as a way of �ghting poverty in the nation. Under the guidance of the Ministry of 
Commerce, the China e-commerce Poverty Alleviation Alliance was established by 28 corporations and covers 351 poorer 
counties that could bene�t.

The most direct bene�t of e-commerce for agricultural products is the way that it can modernize traditional ways of selling 
and marketing, and create connections between farmers and the customers who want their products.

In October 2017, Jinzhai County in Anhui Province signed a Memorandum of Poverty Alleviation for the Jinzhai kiwi fruit 
Industry with the World Food Programme (WFP) and Alibaba Group. The memorandum was aimed at building a 300 mu1 
Kiwi Fruit Poverty Alleviation Demonstration Base. By the terms of the agreement, WFP provides support of CNY 10 000 
per mu, which was designated as pay for the labour of people from some 200 poor households.

Alibaba helped create standards for the production, storage and marketing of the kiwi fruit. They established a system of 
central storage, developed quality standards and inspections, and set up supply chains for product delivery. Alibaba also 
helped brand the fruit as TaoYum giving it an identity in the marketplace. By the end of the process, there was a full 
industrial supply chain in operation, from the planting of the kiwi trees through to selling and distribution. This helped 
raise the incomes of local people and reduce poverty.

E-commerce for agricultural products also helps promote agricultural production in local areas or nearby towns. This gives 
rural women more employment opportunities, while helping to protect the environment and ensure that resources are 
used sustainably. For example, until just 10 years ago, the �slash-and-burn cultivation� method of farming was still used 
in more remote areas of China. But with the introduction of e-commerce, consumers started paying more attention to 
where products come from and how they are produced. This has led to communities understanding the bene�ts of using 
more sustainable production practices, which attract more buyers. It also corresponds to a more heightened awareness of 
environmental protection, as summarized in the assertion of President Xi Jinping that "lucid waters and lush mountains are 
invaluable assets".

Another bene�t of e-commerce for the people of Jinzhai County is that the producers now get a higher price for their 
produce though online selling. And with word spreading, more tourists are visiting the region to enjoy the natural area. 
There is also a better balance between people and nature.

So the results of e-commerce for Chinese agriculture, while still at an early stage, are highly encouraging. There are still 
areas for improvement in areas such as stock keeping, traceability, quality inspections, distribution and delivery and supply 
chains etc. But by continuing to explore the many bene�ts of e-commerce, there is greater hope for millions of people in 
rural China. This is beautifully summed up in the famous Chinese saying, �tomorrow will be better.�

1 Mou, Chinese unit of land measurement that varies with location but is commonly 806.65 square yards (0.165 acre, or 666.5 square metres.
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support provided would help to develop 
community-led micro-plans and strengthen their 
relationship with local governments and service 
providers for addressing socio-ecological and 
climate-change risks. Simultaneously, community 
members would be encouraged to form groups/ 
cooperatives and committees (e.g. a seed bank 
management committee) for setting up common 
priorities and collective negotiation.

A number of trainings and support activities are 
provided on business planning, and enterprise 
development for enhancing capacity in order to 
maintain and provide services at the local level 
(e.g. bulk purchase of produce from farmers� groups to 
supply products to high-end markets, or the 
establishment of common facilitation centres to help 
farmers in various operations). It is also important to 

link value chains with wider ecosystems by conducting 
participatory multi-dimensional ecosystem assessments.

This helps communities to better recognize the value of 
their natural assets and make judicious and sustainable 
use of resources (e.g. sustainable land management, 
sustainable use of water resources, control of free 
grazing along with the protection of natural forest, use 
of improved cook stoves and planting of fodder trees). 
As income is essential for improving livelihoods, coping 
with risks and getting better prepared for shocks are of 
the utmost importance for increasing and diversifying 
income by upgrading di�erent stages of the value chain.

With improving access to telecommunication and 
Internet services, there is good scope to share real-time 
weather information and forecasts, market prices and 
technical advice on crop management among mountain 

Figure 6.2  Model for integrated value chain development of large cardamom

Conventional value chain Integrated value chain for resilience building

INPUTS INPUTS
Resilience solutions/technologies for soil nutrient, water, energy, weather, 
crop management as references in Package of Practices

Agro 
vegetable

PRODUCTION

PROCESSING

WHOLESALE

RETAIL

Production of cardamom pods 
and honey, kiwi fruits etc.

Integration of legumes, bees�

Spice 
garden 
tourism

Value 
added 
products 
cardamom 
fruits and 
others

Diversi�cation 
of income options 
and spreading risks 
of production and 
price volatility
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communities. E�orts are being made in mountain areas 
to connect farmers with market outlets and actors using 
digital services (interactive voice recording systems, SMS, 
toll-free calls, and social media groups). E-commerce is 
also gaining popularity as a tool for marketing 
agricultural products in many countries. For example, 
in China there are some innovative e-commerce models 
such as �social e-commerce�, and Tik Tok � a media 
app for creating and sharing short videos � that have 
brought about many positive e�ects, which include 
responsible production, environmental protection and 
sustainable development. The experience from China 
suggests that with the introduction of e-commerce, 
consumers would care about not only the quality of 
products themselves, but also the production process 
and environment. Farmers also found that mountain 
products, which are seen as organic have 
environmentally friendly image that attracts consumers 
and that by using greener technologies they will enjoy 
many other bene�ts. Box 6.1 presents the importance of 
e-commerce development to agriculture products of 
China in general. With increased access to digital services 
and smartphones, there is great potential for 
e-commerce development to mountain products in 
other countries as well.

6.4  A case study on integrated 
value-chain development of 
large cardamom pods in Nepal

ICIMOD, under the EU-funded Himalica Programme, 
implemented a pilot project together with local partners 
in Taplejung, Nepal with the aim of providing multiple 
bene�ts that can and improve the livelihoods and 
incomes of the mountain communities while exposing 
them to fewer risks. As well as strengthening the existing 
value chains of large cardamom pods, the project 
interventions focus on building resilience through 
diversi�cation of products, processes and functions 
(Figure 6.2).

Promotion of climate-resilient practices: The Himalica 
Programme has built up good practices from the 
cardamom growing areas of HKH region, and developed 
a �Package of Practices� (POP) focusing on six elements 
of climate resilient agriculture: weather, soil/nutrients, 
water, energy, knowledge management, and gender 
integration as a cross-cutting element. POP brings 
innovative features for augmenting livelihoods with 
sustainable resource management. The practices are 
showcased in farmers� �elds to improve and adapt 
large cardamom production systems to climate change 
(which is predicted to bring longer dry spells, more 
erratic rainfall, and increased pest and disease 

infestations). As per the end line assessment report, 
every household in the pilot site has adopted at least 
one element of the POP. As an outcome, yields of dry 
cardamom capsules were reported to have increased 
by about 75 percent in the demonstration farms in 
comparison to conventional farms.

As a part of POP, the pilot project has also promoted 
integration of other farming options such as beekeeping, 
shitake mushroom, vegetable farming and kiwi farming 
to reduce the risks and further strengthen the resilience 
of farming households.

Value addition and product development: Most 
farmers in Taplejung sell large cardamom pods to local 
traders and face challenges due to production and price 
�uctuations. To overcome these challenges and to 
provide more diverse livelihood options, the Himalica 
Programme has partnered with the social enterprise 
SAARC Association for Home-based Workers or SABAH 
Nepal to build the capacities of interested community 
members to make value-added products from 
cardamom pods, such as cardamom powder, cardamom 
biryani masala, and cardamom tea mix. Traditionally, 
the cardamom stems are just left in the �elds, but with 
training and exposure a few entrepreneurs started using 
them to produce cardamom �bre to weave a range 
of products (e.g. table runners, dining mats, etc.).

The Kanchenjunga Himalica Agriculture Enterprise 
(KHAE) is registered in Taplejung, and has set up a fully 
equipped production centre for grading, processing and 
developing cardamom-based products. The 
value-added products are being marketed under the 
brand and tag �HIMALICA�Green Products from the 
Mountains�. The Koseli Ghar or Himalica Community Gift 
House, a retail outlet for marketing of value-added 
products at the local level, has been also set up in 
Phungling Bazaar in Taplejung giving farmers a new 
marketing outlet for their products. With SABAH�s 
support, cardamom is being promoted as the Queen 
of Spices in Kathmandu and other markets. And 
enterprise is not limited to value-added cardamom 
products. Selected farmers and potential entrepreneurs 
also have been trained technically and supported 
�nancially to develop products, such as pickles, jam and 
squash from locally available fruits, herbs and spices. 
As part of risk reduction strategies, Himalica also 
supported ICT-assisted Spice Garden Tourism, in 
partnership with the Nepal Tourism Board (NTB), the 
Trekking Agencies’ Association of Nepal (TAAN), 
Wolfmatrix and the Environment Conservation and 
Development Forum (ECDF). A few community 
members, particularly young people, have been given 
experience and training in homestay tourism and 
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Since joining the MPP Initiative in 2016, farmers� 
livelihoods have been transformed. Jumla�s bean 
production has doubled in the past three years, thanks 
to better marketing and distribution of the high-quality 
product, while the market price for the beans has risen 
by 20 percent. The MPP label added NPR 10 per kg to 
the pro�t of farmers. The success of the label has also 
attracted 13 percent more women as farmers in the 
same period.

The MPP label not only helped fetch better prices and 
�ght against imitations, but it also became a source of 
pride for farmers to receive an upgrade of their product, 
as the label contributes to protecting food heritage of 
the Himalayan villages in a responsible manner. Because 
of the MPP label, the marketability at local and national 
levels has been increased, and the pulses are sold in 
a large supermarket chain.

6.6 Conclusion
Poverty and food insecurity are closely linked concepts 
that overlap. It is thought that hunger is the result of 
poverty, but hunger can also be a cause of poverty 
(Dahal et al., 2010). As agriculture remains an important 
base from which poor households seek to diversify their 
livelihood portfolios and improve their lives, it is widely 
agreed that increasing production and export of 
agricultural products is an e�ective way to improve 
livelihoods and kick-start growth (DFID, 2002). Mountain 
products have a key role to play in sustainable food 
systems and improving livelihoods. Not only do they 
contribute to food security and sustainable food diets, 
but they are a means of improving local economies, 
livelihoods, preserving agro-biodiversity and maintaining 
the uniqueness of mountain peoples� heritage and 
culture that has been developed over the centuries.

ICIMOD�s interventions on large cardamom pods 
demonstrated that integrated value-chain development 
approach can contribute to reducing poverty and 
contribute to helping reach zero hunger, thereby 
creating shared value through strengthening producers 
and their groups and organizations to acquire 
agricultural inputs collectively at lower prices, and 
helping them to add value and commercialize their 
products. The success of the Himalica Programme 
intervention in the cardamom value chain resulted in 
almost 2 100 community members being trained, with 
36 percent women in various aspects of climate-resilient 
agriculture, and 12 students from bene�ciary 
households supported to pursue a vocational training 

course. A total of 21 smokeless drying facilities were 
installed that produced 5 680 kg of value-added 
cardamom, and 12 farmers groups registered under the 
agriculture development o�ce. In addition, the business 
development-diversi�cation support created dozens of 
microenterprises based on making and selling 
cardamom-�bre woven products.

The approach adopted by Himalica is innovative and 
replicable, not only to overcome key constraints in the 
cardamom value chain, but also can be applied in any 
value chains across the HKH region. The technologies 
and practices, which have been showcased in 
demonstration plots, are simple and a�ordable, 
therefore, they have good potential for up-scaling in 
other districts of Nepal as well as in Bhutan and Sikkim 
in northeast India, particularly in areas considered 
suitable for large cardamom farming. POP is not 
prescriptive but co-developed and contextualized. 
It includes technologies and practices that are low cost, 
simple, easy to maintain and operate, and replicable in 
partnership with the private sector, government line 
agencies and other relevant stakeholders in any 
region of the world with similar agroclimatic zones 
where people are dependent on agroforestry and 
high-value crops.

Building on the rising consumer demand for 
high-quality, traditional products, the Mountain 
Partnership Secretariat has promoted a project to ensure 
that producers can receive fair compensation for their 
work, consumers can recognize mountain products in 
the marketplace, and traditional products and 
techniques can be preserved. The MPP Initiative reveals 
that labelling mountain products can boost the incomes 
of mountain peoples. It highlights that even a simple but 
innovative tool, such as a narrative label, which describes 
the story of a product and the producers, can have a 
considerable impact on local livelihoods.

In its �rst phase (2015�1017), 16 products from seven 
countries have been selected and over 24 producers� 
organizations (representing at least 240 families) 
with a high percentage of women have so far been 
bene�tting from this scheme. The scheme improved 
livelihoods for mountain farmers, increased recognition 
of the high value and potential of selected mountain 
products, strengthened value chains for high-value 
mountain products and expanded market opportunities. 
Furthermore, capacities of producers and institutions 
focusing on technical, entrepreneurial and marketing 
topics have been enhanced. Training included product 
quality and sustainability improvement, certi�cation and 
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labelling strategies, and marketing approaches, which 
will also contribute to the protection of the rich 
mountain biodiversity.

In its second phase (2018�2019) the MPP Initiative aims 
to expand to other countries, and e�orts are underway 
to adopt a standard assessment and monitoring 
methodology. The methodology chosen for such a 
purpose is the Participatory Guarantee System (PGS) 
developed by IFOAM-Organics International, already 
applied in many countries around the world as a valid 
means to certify organic, ecological and agro- ecological 
producers for local and domestic markets.

Further, the MPP scheme aims to expand the scope of 
its initiative and to turn into services. The new pilot 
scheme on food and tourism is being developed with 
the aim of promoting links between high-quality 
mountain products and ecotourism services.

Climate services, innovative web portals and 
e-commerce o�er good prospects for linking mountain 
farmers and smallholders with markets, thereby creating 
simultaneous bene�t to people and nature. The 
e-commerce experience of China has potential to be 
replicated and customised for use in other countries.
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7.2  Mountainous areas: Intensive 
GIAHS or potential Sites

7.2.1  Traditional and ingenious agricultural 
practices in mountainous areas

In agricultural terms, most mountain areas are 
considered marginal land, unsuitable for modern 
modern farming, which usually focuses on the 
cultivation of a single crop variety for large markets. 
Although a growing number of mountain farmers have 
adopted modern farming methods, many indigenous 
men and women continue to cultivate using traditional 
practices and techniques such as terracing systems 
(rain-fed or irrigated), traditional cultivation using 
animal power, water transportation and �ood irrigation 
schemes, and a combination of crops, pasture, forestry 
and farming. In this way, they farm a wide variety of 
crops that are adapted to a range of di�erent elevations, 
slope conditions and microclimates.

Wet crops, dryland crops, trees, �sh, poultry and livestock 
are the main agricultural products in traditional systems 
and so are important to livelihoods and as a source of 
human nutrition. In many cases, farming income can be 
supplemented by forage for wild produce, handicraft 
production and tourism.

Mountain agriculture not only constitutes a major 
occupation and source of sustenance for the majority of 
mountain communities, but also represents a primary 
form of natural resource use in mountain areas of 
developing and developed countries, including China 
and Japan. Therefore, indigenous mountain people and 
other traditional mountain communities serve as 
custodians of traditional knowledge about farming 
in di�cult mountainous terrains which are important 
reservoirs of agricultural biodiversity. It is these unique 
characteristics of mountain agriculture that make 
mountain regions an important target of the GIAHS 
initiative. Developing mountain agriculture is a huge 
part of the project.

Some 60 percent of the world�s designated GIAHS sites 
are located in mountainous areas, and the proportion 
remains the same for China. Table 7.2 shows some 
typical GIAHS sites in mountainous areas in both 
developed and developing nations. The harsh 
geographical conditions mean that infrastructure 
construction in these areas tends to lag behind, and 
the basic public services such as education and health 
services are seriously de�cient in quality and quantity. 
Young and middle-aged people in poverty-stricken areas 
lack necessary labour and technical training and often 
only engage in simple physical labour. What�s more, 

the opportunities for self-development are severely 
lacking in mountain areas.

In addition, according to the major function-oriented 
zone planning, there is great correlation between 
concentrated contiguous poverty areas and the 
distribution of important ecological functional areas in 
China. It is clear that some of the poorest areas of 
China are the richest in terms of ecological biodiversity. 
This includes wetland protection areas, deserti�cation 
control areas, rock deserti�cation control areas, 
biodiversity conservation areas, and water conservation 
areas. In these ecology-related or agriculture-related 
areas, the development of modern industry is restricted 
or prohibited.

With such districts being remote or sometimes part of 
preservation areas, poverty alleviation can be hindered. 
There is little income and ine�cient farming methods 
and the fact that people still rely on traditional 
agricultural systems means that many people in these 
areas are poverty stricken. This is exacerbated the 
phenomenon of rural hollowing and land abandonment 
due to population migration. This phenomena could 
threaten the food security of China.

7.2.2  Three typical mountainous GIAHS 
sites in China

1 Honghe Hani Rice Terraces Systems
The Honghe Hani Rice Terraces System (Figure 7.1) is 
located in the Honghe Hani and Yi Autonomous 
Prefecture, in the southeastern region of Yunnan 
Province, China. The heritage area is mainly spread along 
the southern slopes of the Honghe Ailao Mountain 
range and covers four counties: Honghe, Yuanyang, 
Jinping and Lvchun, covering an area of about 70 000 ha. 
People of many ethnic groups have built this spectacular 
agricultural masterpiece, but it is named directly after 
the Hani minority, who have lived on this remarkable 
landscape for more than 1 300 years. The local people 
have developed a complex system of channels to bring 
water from the forested mountaintops to the terraces. 
The local people worship the sun, moon, mountains, 
rivers, forests and other natural phenomena including 
�re. The inhabitants,integrated management of natural 
resources such as the forest, biodiversity, terrace 
landscapes, river, village or settlement sites and their 
traditional customs and diverse cultures which help to 
protect and conserve the environment make Hani 
a region where society and the environment seem to 
exist in harmony. The Hani Rice Terraces are a 
�forest-village-terrace-water-culture� compound system 
and in 2010, were designated as a GIAHS by FAO. In 2013, 
the UNESCO�s World Heritage Committee announced 
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that the Cultural Landscape of Honghe Hani Rice 
Terraces was to be placed on the prestigious World 
Heritage List.

The Hani Rice Terraces Landscape (Figure 7.1) provides 
multiple goods and services for local livelihoods and 
society and they contribute to meeting the food, 
fuel and other diversi�ed needs of its inhabitants. 

This landscape and contains multiple values as a 
development model in southern mountainous area of 
China in the �elds of production, ecology, society and 
culture. After the terraces were designated a GIAHS site, 
the Hani Terraces Administration of Honghe Prefecture 
was established to take charge of the dynamic conser-
vation and sustainable utilization systems and to o�er 
regular monitoring and evaluation.

Table 7.2 Designated GIAHS in Mountainous Area

Countries GIAHS sites Year of designation

Chile ChiloØ agriculture 2005

China Qingtian rice-�sh culture system 2005

Wannian traditional rice culture system 2010

Honghe Hani rice terraces system 2010

Congjiang Dong’s rice-�sh-duck system 2011

Pu’er traditional tea agrosystem 2012

Shaoxing Kuaijishan ancient Chinese Torreya 2013

Fuzhou jasmine and tea culture system 2014

Diebu Zhagana agriculture-forestry-animal husbandry composite system 2017

Rice Terraces in Southern mountainous and hilly areas 2018

India Sa�ron heritage of Kashmir 2011

Koraput traditional agriculture 2012

Italy Olive groves of the slopes between Assisi and Spoleto 2018

Japan Noto’s Satoyama and Satoumi 2011

Sado’s Satoyama in harmony with Japanese crested ibis 2011

Managing Aso grasslands for sustainable agriculture 2013

Traditional tea-grass integrated system in Shizuoka 2013

Kunisaki peninsula Usa integrated forestry, agriculture and �sheries 2013

Ayu of the Nagara river system 2015

Minabe-Tanabe Ume system 2015

Takachihogo-Shiibayama mountainous agriculture and forestry system 2015

Nishi-Awa steep slope land agriculture system 2018

Traditional wasabi cultivation in Shizuoka 2018

Morocco Oases system in the Atlas Mountains 2011

Philippines Ifugao rice terraces 2005

Portugal Barroso agro-sylvo-pastral system 2018

Korea Traditional Hadong tea agrosystem in Hwagae-myeon 2017

Geumsan traditional ginseng agricultural system 2018

Spain MÆlaga raisin production system in Axarquia 2017

Tanzania Shimbwe Juu Kihamba agroforestry heritage site 2008
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2 Congjiang Dong�s rice-�sh-duck system
Congjiang County is a mountainous area located in 
Qiandongnan Miao and Dong Autonomous Prefecture, 
China. The ethnic groups living there are Miao, Dong, 
Yao, Zhuang, and Shui among others. The Dong people, 
a branch of the Baiyue people, had long lived on the 
southeastern coast before migrating and settling in the 
border regions of Hunan, Guizhou and Guangxi, where 
they lived on a diet dominated by rice and �sh. Rice 
paddies remain the main source of food for the Dong 
community. But as well as rice, more than 200 kinds of 
wild plants are widely used for food in areas where the 
Dong live. Over 100 kinds of wild herbs feature in the 
Dong diet including, fern, bamboo shoots, and types of 
edible fungus. In addition, aquatic animals such as snails, 
eels, and loaches and aquatic plants like taro, lotus root, 
water celery and plantain which live and grow in paddy 
�elds, are also eaten. As there is little contamination by 
chemical fertilizers, pesticides and other pollution in the 
region, the glutinous rice grown in the paddies is seen as 
organic and is regarded as good for health.

The age-old rice-�sh-duck system is a typical and 
traditional way of eco-friendly farming which is followed 
by the Dong, who are the only ethnic group that still 
uses this farming approach and the associated 

technology. Rice is grown in the paddies according to 
soil fertility and water supply. But the rice-�sh-duck 
system allows for the multipurpose utilization of the 
same plot, and so meeting communities� nutritional 
demands for adequate animal and vegetable protein. 
Compared with many monoculture rice �elds, the 
rice-�sh-duck system o�ers more nutrition value, 
a longer food chain and a more complex food web. 
This extended food chain means that the local food 
system is stable and o�ers more levels of nutrition. 
The Dong rice-�sh-duck system (Figure 7.2) was 
designated as GIAHS in 2011.

Figure 7.1 Honghe Hani Rice Terraces System in Yunnan Province

Figure 7.2  Guizhou, home to the Dong’s 
rice-�sh-duck system
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3 Shaoxing Kuaijishan ancient Chinese Torreya
Kuaijishan, which encompasses 59 villages spread out 
among 12 townships in the north of Zhejiang Province, 
is home to around 10 500 000 ancient Chinese Torreya 
trees (Figure 7.3). The Kuaijishan community has always 
grown a wide variety of crops that are central to their 
culture and are the foundation of the region�s 
development. The locals produce many products 
including cherries, bamboo shoots, chestnuts, melon 
seeds, grapes, sweet potatoes and Yunwu mountain tea, 
but the Chinese Torreya trees have always been the main 
source of local income as the techniques used to grow 
and harvest the trees produces a food product (Chinese 
nutmeg) that is famous for its exquisite quality and taste. 
It is therefore the basis of local livelihoods and the 
region�s economic security. The total Torreya planting 
area in the city of Shaoxing is currently 20 000 hectares, 
with 9 667 hectares in Zhuji, 7 467 in Shengzhou and 
2 533 in Shaoxing County. The region�s total Torreya 
production area is currently estimated at 5 667 hectares; 
among these, 720 000 trees are more than 100 years old, 
and thousands of them are more than 1 000 years old.

Overall, the Kuaijishan community not only possesses 
historical, artistic, scienti�c, ecological and economical 
value, is also a shining example of sustainable 
development that ensures the careful sustainable 
utilization of natural resources without diminishing their 
supply. Due to a well-estimated marketing mechanism 
developed over the past few years, the income of 

Torreya farmers has gradually increased without 
negatively impacting their age-old traditions or the 
natural environment. The culture of the Kuaijishan 
community re�ects a deep understanding of 
humankind�s dependence on the need for a stable and 
well-conserved natural environment. The Kuaijishan 
Ancient Chinese Torreya was designated a GIAHS site 
in 2013.

7.3  GIAHS approaches to 
integrated mountain 
agricultural development

7.3.1 Promotion of characteristic products
Food production remains the core function of traditional 
agricultural systems. These food resources play an 
important role in protecting the livelihood security of 
local residents. GIAHS are not only concerned the 
traditional production of food crops, but also consider 
the other bene�ts of traditional production including 
how such systems contribute to the world�s cultural 
heritage. The Honghe Hani Rice Terraces System is a 
good example of the sort of system where traditional 
food agriculture can be used to preserve culture while 
working towards poverty alleviation. There are 
195 varieties of rice grown in the area, including 
48 varieties of local rice. The local government in Hani 
pays great attention to the protection and utilization of 

Figure 7.3 Shaoxing Kuaijishan ancient Chinese Torreya in Zhejiang Province
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traditional food crops, the establishment of germplasm 
resources and the promotion of marketization of red rice 
and purple rice, to achieve the goal poverty alleviation.

Agricultural biodiversity plays an important role in the 
diversi�cation of local diets in mountainous areas. 
For example, Congjing Dong�s rice-�sh-duck system, 
which was listed as GIAHS site in 2011, is rich in varieties 
of agricultural biological species and o�ers diverse food 
sources. More than 100 species of �ora and fauna can be 
found in the rice �eld including carp, local-speci�c water 
ducks and Sansui ducks, but also wild aquatic animals 
such as scorpions, loach, scutella, shrimps, clams, crabs, 
loach, seven-star �sh, as well as wild plants such as white 
peony, lotus roots, sage, and water celery. In addition to 
harvesting rice and raising �sh and ducks, farmers also 
like to plant crops in areas adjacent to the rice �elds such 
as soybeans, sweet potatoes, corn and various 
vegetables and fruits that can help to supplement local 
diets. The abundant agricultural biological resources 
provide a wide range of ingredients. The rice-�sh-duck 
system not only helps to mitigate the problems of land 
shortage by allowing more food to be produced from 
the same land, it also gives residents the chance to make 
extra income by selling sideline products.

This promotion of extra local products is one of the most 
e�ective methods of bringing extra value to mountain 
agriculture. The designation and conservation of GIAHS 
helps producers to make full use of the advantages of 
branding. It also helps with consumer recognition of 
products, ensures higher prices for the same products 
and directly accelerates value-addition.

In Zhuji, the production and processing of Torreya is the 
traditional industry (Figure 7.4). Torreya nut production 
has a long history thanks to the vast forests, high 
output and top quality product. Zhuji was named �The 
Hometown of Torreya� in 1997 and in 1994, the �rst 
local brand of Torreya, was registered in Zhaojia Town. 
Before 2000 there were fewer than 10 local brands or 
processing companies functioning in the area. As of 
2018, 50 processing companies have been registered. 
With the region now designated as a GIAHS site, there 
is a guarantee that the traditional planting area will be 
well-preserved and that the price of Torreya will rise. 
A hectare of Torreya trees can bring in 
CNY 150 000 RMB annually.

Local governments need to encourage companies to 
increase investment into scienti�c research in Torreya, 
to help develop other kinds of product. In recent years, 
not only have Torreya nuts been selling well, but so 
have related products such as Torreya essential oil, 

Torreya soap, Torreya wine and Torreya cookies. These 
have been promoted in national and international 
agricultural exhibitions, which has undoubtedly 
increased the visibility and enhanced the brand and 
sales of Kuaijishan Ancient Chinese Torreya.

7.3.2 Prolongation of agricultural function
The increase in capacity of agriculture functions, and 
conservation of natural resources are two result of an 
area achieving GIAHS statue, as is the value added to 
local products. (Figure 7.5). But of equal importance is 
the protection provided to cultural inheritance and the 
ecological protection at GIAHS sites, which maximises 
the huge value of mountain agriculture.

In fact, GIAHS systems are not only rich in resources, 
but also have a distinct brand advantage. Studies show 
that the pollution-free environment of the GIAHS make 
them suitable organic production. This means that 
endemic crop varieties and indigenous animal varieties 
with the GIAHS brand have a higher market value than 
many modern and improved varieties and breeds. 
For example, red rice from the Hani Rice Terraces System 
is labelled with a national geographical indication and is 
also used as a raw material to manufacture distinctive 
ecological products. This organic agricultural 
certi�cation, based on traditional environmentally 
friendly technology, increases farmers� income and 
encourages farming communities to preserve their 
traditional agricultural heritage. 

And food production can help make tourism in GIAHS 
areas more attractive as people enjoy purchasing local 
food products in the place that they visit. There is also a 
�feel-good� factor when people buy foodstu�s and 
souvenirs which they know to be traditionally 
produced and made in a way that preserves local 
customs and biodiversity.

Figure 7.4 The Fengqiao Torreya nuts
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Located in an ecologically vulnerable region, 
the rice-�sh-duck system of the Dong people has 
developed in a way allows di�erent species and crops 
to be farmed symbiotically while also providing water 
resource services such as food and drought prevention, 
climate regulation and biodiversity conservation.

Such ecosystem functions are fundamental to the 
development of mountain agriculture as they can 
safeguard the value chain of the heritage system.

The Congjiang County Government has regards GIAHS 
designation as fundamental to ecological and 
environmental preservation. What�s more, the Important 
Ecological Function Zone helps to prevent and control 
agricultural pollution and ensure that there is a high 
quality natural environment where organic products 
(glutinous rice, pigs, �sh etc.) can be raised. These 
nutritious and organic products are in high demand 
among consumers.

As well as eco-agricultural products, other goods and 
services bene�t from GIAHS designation and these bring 
in more visitors and therefore more income. Cultural 
and eco-tours and handicraft sales for example, can be 
promoted to attract visitors. A good example of a 
cultural tourism attraction is the Dong Chorus 
(�gure 7.6), traditional singing troupes from the Jiabang 
Terraces, who attract visitors with concerts of music. 
In the Biasha Village, the Musketeer group, impresses 
visitors with displays of marksmanship and traditional 
dress. Word has spread and the culture of both of these 
cultural groups is now becoming more known 

internationally, bringing more tourism. It is the 
integration of culture and agriculture that gives the 
GIAHS such value and does so much to improve the 
livelihoods of local communities.

During the busiest farming times of the year, there is a 
lot of work for rural labourers to do. But depending on 
the crop, during other seasons, there may be less work to 
do, and so people are left unemployed or have to seek 
other forms of income. So the development of mountain 
agriculture systems has to take this into account, and 
ensure development of other related industries at the 
same time (Zhang et al., 2018).

Multifunctional agriculture systems (Figure 7.5) can easily 
incorporate agrotourism and other leisure pursuits for 
visitors. Farms can o�er accommodation, sightseeing 
tours, visits to local festivals and education in farming 
and nature studies (He and Min, 2013).

Figure 7.5  Multi-functional agriculture and related industries
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Figure 7.6 The Dong chorus singers
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Traditional farming culture can easily support leisure 
agriculture as such farming systems are often located in 
landscapes of great beauty. Such landscapes are further 
preserved by GIAHS designation which encourages 
balanced ecosystems, a�ant biodiversity, and organic 
farming practices. As a result, people see GIAHS regions 
as places to explore or relax in. Two surveys conducted 
in Japan show that cultural attractions are a prime 
motivation for tourists, as well as being a core GIAHS 
selection criteria.

In this regard, there have been many successful cases 
in GIAHS sites. The magni�cent terrace landscapes and 
the colourful Yi festival have encouraged many people 
to visit the Honghe Hani Rice Terraces System. Between 
2012 to 2017, tourism revenue in Honghe County, the 
core area of the GIAHS sites, increased from USD 597 
million to USD 1.72 billion.

However, one of the main objectives of GIAHS is to 
develop the ability to o�er tourism activities and boost 
local income in an appropriate, sustainable way that 
does not have any negative impact on the agricultural 
activities taking place there. The development of leisure 
agriculture must have a positive e�ect on heritage 
conservation, the reduction of poverty and livelihood 
security. The development of tourism can also bene�t 
local communities in terms of infrastructure and 
improved communications (Fox and Cox, 1992).

The development of leisure agriculture can create 
opportunities for the poor and hungry to improve their 
livelihoods with better labour conditions. It can also 
promote productivity-enhancing investments e.g. in 
better infrastructure, information services, and logistics. 
Non-agricultural employment opportunities will grow 
alongside agricultural development. The new 
productivity-enhancing investments can increase the 
total capital used for sustainable agricultural production, 
increase the ratio of capital labour, and allow structural 
changes to proceed smoothly. Investment in industries 
other than agriculture will develop more employment 
opportunities, absorbing the surplus labour of the 
agricultural sector that is a result of mechanization, 
seasonality of crops and a range of other factors. 

7.3.3 Preference of development policy
The designation and conservation of GIAHS sites is 
conducive to the recognition and activation of local 
governments to adopt laws, policies, documents to 
guarantee and accelerate the dynamic conservation and 
sustainable development of the GIAHS sites within their 
areas of responsibility.

Since 2000, governments at all levels in Yunnan Province 
and within the Honghe Hani and Yi Autonomous 
Prefecture have placed great importance on the 
conservation of the Hani Rice Terraces. To this end, in 
2007, administration of World Heritage site in Honghe 
Hani and Yi Autonomous Prefecture was placed under 
the auspices of Honghe, Yuanyang, Jinping and Lichun 
counties, which were jointly responsible for planning, 
management and conservation. Soon afterwards, 
administration bureaus at the county level were 
established. The two-level management agencies follow 
the principle of �timely salvation and scienti�c 
conservation, rational use and strengthened 
management�, and are responsible for carrying out 
systematic and dedicated work looking after the �ve 
key elements of the heritage system: forest, village, 
terrace, water and culture. This involves building 
management institutions, improving laws and 
regulations, promoting industrial development and 
strengthening scienti�c research.

Between 2011 and 2014, the governments of Honghe 
Hani and the Yi Autonomous Prefecture published and 
implemented a series of laws, regulations and policy 
documents to accelerate the conservation of Hani 
Terraces. These regulations included �the Conservation 
and Management Approach of Hani Terraces� and, �the 
Overall Conservation and Management Planning of Hani 
Terraces� among others. The planning framework will be 
further enriched by formulating more detailed plan-
ning in the four counties. The administration of World 
Heritage in Honghe Hani and Yi Autonomous Prefecture 
have already released several documents to regulate 
the use of World Heritage logos for GIAHS and the 
China National Wetland Park, and have authorized 20 
cooperatives or companies to use the logos on their 
products. This move gives recognition to eco-agricultural 
products already on the market such as red rice and 
duck eggs. The move also paves the way for the 
development of ecotourism in the Hani Terraces, 
improving incomes for local inhabitants and enhancing 
the value of the whole heritage system.

7.3.4 Participation of multi-stakeholders
The designation and conservation of GIAHS is 
a multiparty process. The participation of several 
interested stakeholders helps optimize value distribution 
and construction of value chains, to motivate all sides, 
to create new points of growth and �nally, to promote 
the value-addition of the GIAHS sites. In the Hani Rice 
Terraces System, many villagers live in poverty due to 
poor natural and cultural conditions even though they 
possess an excellent ecological infrastructure and can 
make nutrient rich products.
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The process of applying for GIAHS legacy o�ers villagers, 
local governors and entrepreneurs an opportunity to 
explore a new kind of cooperation. Many production 
cooperatives are established to develop �rice-�sh-duck� 
compound production. They adopt the development 
model of �leading enterprise + professional cooperative 
+ the production base of high quality rice + local 
government�, to ensure a win-win e�ect. In the past, 
farmers were often the most overlooked element of 
regional development, however in this cooperation 
model, they are motivated and have a great deal to gain. 
This makes the process of value adding even easier, 
as farmers see the bene�ts.

Increased cooperation between stakeholders at all levels 
of the development model and better use of local 
resources will help to promote conservation and 
value-addition of GIAHS sites.

7.4 Discussion
GIAHS regions have been maintained over centuries 
and the land, traditions and ways of working at passed 
from one generation to the next. This ensures a tradition 
of long-term dynamic adaption. The establishment of 
GIAHS is merely a continuation of this with the bonus of 
incorporating conservation and protection policies and 
assessment of ecosystem services as well as the 
development of ecotourism. GIAHS status also helps 
with the branding of local products to ensure better 
incomes (Liu et al., 2013).

Another advantage of GIAHS is that it enables not only 
farmers to bene�t, but also local governors, 
entrepreneurs who will take advantage of the many 
bene�ts of mountain agriculture in China which will help 
lift people from poverty and improve local economies.

Of course, resources are not the same in every region. 
Some areas have better infrastructure and 
communications, more advanced industry and greater 
integration of agriculture. But on the whole, GIAHS 
o�ers greater economic development through 
multifunctional agriculture, extended value chains, and 
a multi-party bene�t sharing mechanism.

As most GIAHS sites are found in under-developed areas 
where there are traditional problems such as population 
outmigration owing to poverty. This results in rural 
hollowing, abandoned farmlands and the disappearance 
of traditional culture and farming technologies. GIAHS 
could reverse this by promoting integrated mountain 
agriculture development based on the GIAHS brand 
and making use of the many resources and advantages 
that agricultural heritage sites o�er. This conservation 
strategy should preserve landscapes and communities 
by bringing people back to areas they�ve left, knowing 
they can make a living.

There are many ways that people living in heritage sites 
can participate e�ectively in tourism. Local families can 
o�er their homes as accommodation and provide 
transportation for tourists. Family members �nd 
employment as cooks, tour guides etc. while local shop 
owners and manufacturers can to produce handicrafts 
or educate people about local customs and traditions.

Unlike the mountain agricultural development models 
in countries such as Japan, China has its own 
characteristics, such as a small per capita arable land 
area and a more dispersed living and farming space. 
Therefore, it will be necessary to explore more 
development models of mountain agriculture that are 
better suited for China’s national conditions.
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mountain agriculture development, to o�er suggested 
solutions to these challenges, and provide successful 
examples of proposed solutions.

Country coverage
The survey was undertaken by experts from countries 
including Bangladesh, Bhutan, Cambodia, India, Lao PDR, 
Myanmar, Nepal, Pakistan, Thailand and Viet Nam.

Methodology
The survey focused on constraints relating to 
biophysical-technical, socio-economic, institutional and 
policy. Pre-identi�ed potential constraints were listed in 
the survey forms and experts were asked whether these 
constraints are present in their countries and to then 
assess their level of importance (Annex I: Survey 
questionnaire). The identi�ed issues and constraints were 
prioritized based on scores by respondents from lowest 
priority (1) to highest priority (5) and the results 
averaged to determine which issues/constraints were 
the highest priority to address. While the survey 
population was limited, it re�ects each country�s 
experience relating to the common challenges for 
mountain agriculture.

Suggested solutions were open-ended responses and 
were often unique for each respondent as they were 
based on local context and experience. In cases where 
similar responses were given, these were grouped 
together in the presentation of results. Collected 
responses for suggested solutions were analyzed by 
�nding links and similarities according to themes, and 
these were used in developing the strategic framework.

8.3 Survey analysis and results
8.3.1  Main constraints for mountain 

agriculture in Asia
To better understand the challenges for mountain 
agriculture in Asian countries, the FAO organized policy 
dialogues and country surveys on mountain agriculture 
for the nine selected countries in Asia. While each 
country in the survey faces its own particular challenges, 
in terms of mountain agriculture, there are some issues 
each has in common. These include:

1 Low agricultural productivity due to inadequate 
quality inputs including seeds, tools, fertilizer, labour, 
and access to credit. There is also little capacity for 
research and development to provide improved 
technologies in mountain agriculture.

2 Poor agriculture infrastructure, especially water and 
irrigation systems and transportation facilities which 
pose signi�cant challenges to achieve sustainable 
mountain agriculture development to enhance food 
security and nutrition.

3 Limited cultivatable land in term of size, use and 
tenure. There are also issues of soil infertility and 
erosion, which could a�ect development of 
mountain agriculture.

4 Limited improved technologies for farming practices, 
sustainable farming systems and post-harvest 
handling and management.

5 Lack of marketing outlets and facilities, including 
underdeveloped market information systems and 
poor transportation links, makes it hard to access 
markets and compete on price.

6 Variable climate and natural hazards, natural resource 
degradation and deforestation have a negative 
impact on mountain agriculture development and 
consequently food security and nutrition.

7 Limited policy support and implementation in 
place that targets sustainable mountain 
agriculture development.

Results 
1 Biophysical-technical constraints: 

A number of constraints were considered in this 
category: (a) sloping land; (b) seasonal hazards; 
(c) climate change; (d) limited inputs, e.g. lack of 
improved seeds, fertilizer and pesticides; (e) poor 
infrastructure; (f ) low productivity; (g) lack of 
information on important major crop commodity 
groups with high potential, as well as adapted 
livestock types; (h) low cropping intensity 
preventing e�ective implementation of integrated 
farming systems; (i) lack of suitable and improved 
farming techniques/limited cultivated land with 
low environmental impact; (j) lack of research and 
development; (k) lack of extension services to 
disseminate technology and improve farmers� 
capacity; (l) lack of balance between agriculture 
and conversation of biodiversity of the 
mountain ecosystem.

The responses to biophysical-technical constraints 
identi�ed �seasonal hazards� and �poor infrastructure� 
as most important challenges. Poor infrastructure 
is related to gaining physical access to markets, 
while seasonal hazards can a�ect productivity in 
mountain areas.
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2 Socio-economic constraints
A number of constraints were considered in this 
category: (a) lack of de�ned land tenure rights; 
(b) isolation and lack of market access; (c) an aging 
society and lack of human labour/urban migration; 
(d) lack of market information/poor access to 
telecommunications; (e) lack of marketing power 
and knowledge/poor education facilities; 
(f ) lack of reliable transportation networks; 
(g) lack of organizing capacity/organized farmer 
associations; (h) lack of �nancial resources; 
(i) lack of investment, etc.

The responses to socio-economic constraints 
identi�ed a �lack of market information and poor 
access to telecommunications� as being the 
important followed by �isolation and lack of market 
access/transport networks�. These constraints are 
related to physical access to markets and having 
information that is useful for accessing markets. 
The issue seen as of the lowest concern was �lack of 
�nancial resources�, indicating that communities may 
have su�cient �nancial resources available or access 
to alternative sources such as microcredit.

3 Policy constraints
A number of constraints were considered in this 
category: (a) lack of data/information on level of 
poverty, food security and nutrition of mountain 
populations; (b) lack of targeted mountain-speci�c 
strategies or policies at national level; (c) lack of 
subsidies/incentives schemes for mountain 
agriculture; (d) lack of social protection schemes for 
mountain people; (e) lack of attention and support 
by policymakers to mountain regions; (f ) lack of 
empowerment of mountain communities in 
decision-making processes; (g) lack of e�ective 
international cooperation; (h) lack of non-market 
valuation methods and institutions; (i) lack of 
promotion for farmers associations and federation 
for marketing, resource use and engagement in 
policy and regulatory issues.

The responses to socio-economic constraints 
identi�ed the �lack of information and policy support 
on mountain speciality products� as most important, 
and the �lack of e�ective international cooperation� 
as least important constraints.

4 Institutional constraints
A number of constraints were considered in this 
category: (a) lack of governance support; (b) lack 
of promotional activities for mountain agriculture 

products; (c) lack of investment; (d) lack of organized 
institutional support to connect value chain 
components � namely production, processing, 
marketing and consumption for mountain regions; 
(e) lack of targeted poverty reduction in mountain 
areas; (f ) lack of knowledge sharing on how to 
strengthen Future Smart Food (FSF) crops in 
mountain areas both nationally and regionally.

The responses to institutional constraints identi�ed 
�lack of organized institutional support to connect 
value chain components namely production, 
processing, marketing and consumption for 
mountain regions� as most important issue that was 
given greatest weight or priority.

In short, the survey emphasized that to address 
multi-dimensional constraints on mountain 
agriculture development, the most important issues 
were related to mountain products and market 
development, which contribute directly to poverty 
alleviation and addressing hunger and malnutrition. 
Product and market development should be 
considered the drivers for sustainable mountain 
agriculture development and the focus of 
development interventions. Other identi�ed 
issues and constraints are linked to product and 
market development.

8.3.2  Suggested solutions to address 
multidimensional constraints 
facing sustainable mountain 
agriculture development

The previous section demonstrated that mountain 
agriculture faces multidimensional challenges including 
biophysical-technical, socio-economic, policy and 
institutional dimensions. In each dimension, several 
issues were identi�ed with a high degree of importance. 
How to address these major multi-dimensional 
challenges for mountain agriculture development? In 
this section, the focus would be on suggested solutions 
to address multi-dimensional constraints that have the 
highest weights or which are considered as being most 
important. Solutions suggested by experts to address 
four-dimensional constraints are also enumerated 
along with their given examples, which are detailed in 
Annexes 2 to 5.
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Results
Suggested solutions to address 
biophysical-technical constraints
For biophysical-technical constraints, addressing 
�seasonal hazards� and �poor infrastructure� were the 
identi�ed as high priority. Suggested solutions to 
address seasonal hazards can be grouped according 
to improving awareness and early warning on hazards, 
improving agriculture production technology to adapt 
to hazards, providing crop insurance to cope with 
hazards, and developing early warning systems and 
disaster management plans to anticipate these hazards. 
It was suggested that knowledge sharing systems are 
strengthened and that climate change adaptation 
strategies should be promoted. To promote further 
adaptation, recommendations were made to enhance 
diversi�cation and adopt proper agricultural production 
systems and improved technology packages and as well 
as climate smart agriculture farming to increase 
productivity and production. To be ready to cope with 
hazards, the implementation of early warning systems 
and preparedness through disaster management and 
contingency planning was also recommended.

Suggestions for addressing poor infrastructure included 
developing infrastructure transportation networks for 
mountain areas to improve connectivity (quality roads, 
airports, bridges etc.), construct storage houses, build 
irrigation facilities, and make climate-resilient 
infrastructure. The provision of public services on 
transport/vehicle for mountains to facilitate �ow of 
people, goods and services through infrastructure 
networks was also recommended as a solution.

Suggested solutions to address socio-economic 
constraints
The identi�ed priorities of socio-economic constraints 
were �lack of market information and poor access to 
telecommunications� and �isolation and lack of market 
access/transport networks�. Other constraints include 
�lack of de�ned land tenure rights� and �aging society 
and lack of manpower/urban migration�. The suggested 
solutions for the priority constraints or lack of market 
information includes developing up-to-date market 
information systems and this may be supported by using 
ICT and extension services. To help solve the problems of 
isolation and lack of market access, the suggestions were 
to build infrastructure including quality roads, ports and 
airports, and market outlets with potential new market 
opportunities. Building capacity on management market 
infrastructure and facilities was also suggested.

For the constraints of lack of de�ned land tenure, 
suggestions were to establish land tenure and use rights, 
recognize customary and indigenous rights, and to 
institutionalize contract farming.

Examples given to address lack of market information 
were improved telecommunication facilities throughout 
the country with access at a�ordable rates in India. In 
Myanmar, Build Operate Transfer (BOT) schemes were 
implemented for road development to improve 
infrastructure in Shan State. Special Economic Zones 
(SEZ) for agricultural commodities were developed in 
India. For land tenure, Bhutan has brought in a land act 
that provides equal access and individual rights to land 
ownership and periodic revisions to update land reforms 
by the State.

Suggested solutions to address policy constraints
In terms of policy, the priority constraint is the �lack of 
information on mountain speciality products�, and other 
constraints are �lack of targeted policy support for 
promotion of mountain speciality products and �lack of 
empowerment of mountain communities in the 
decision-making process�. The suggested solutions for 
priority constraints are to identify projects for the 
production of mountain speciality products which can 
be undertaken by reviewing existing data on mountain 
agriculture, to coordinate the dissemination of 
information about the mountain speciality products, 
and organize promotional activities at local, national and 
international levels.

Further suggestions include that promotion of 
mountain products to be supported by a national 
strategy or policy for the promotion of mountain 
speciality agriculture products, to improve the capacity 
of smallholder farmers to grow and produce 
added-value mountain speciality products, and to 
then �nd ways to link them with markets. Smallholder 
farmers need to be empowered through their 
involvement in development of initiatives and 
decision-making processes and should be encouraged 
to enhance their capabilities through training for 
sustainable agricultural development. Research and 
development activities to be developed to ensure a 
balance between a top-down and bottom-up approach 
in generating and transferring improved technologies 
that would enhance farmers� productivity in 
mountain agriculture.












































































































































































































































































































































