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ICIMOD PHASE 1 Workshop Serles

The International Centre for Integrated Mountain Development began
professional activities in September 1984, with the first obiective of
reviewing development and environmental management experience in the
Hindu Kush - Himalaya Region. An International Workshop was planned for |
each of four major fields to review the state of knowledge and practical l
experience, and also to provide an opportunity for the exchange of
professional expertise with regard to integrated mountain development.

ICIMOD completed Phase I activities in June 1986, having held :

o the International Workshop on Watershed Management in the Kush -
Himalaya -- Chengdu, China, 14 to 19 October 1985

o the International Workshop on Planned Urbanisation and Rural
Urban Linkages in the Hindu Kush - Himalaya Region -- Kathmandu,
Nepal, 25 to 29 March 1986

o the International Workshop on District Energy Planning and
Management for Integrated Mountain Development -- Kathmandu,
Nepal, 3 to 5 May 1986

0 International Workshop on Off - Farm Employment Generation in the
Hindu Kush - Himalaya -- Dehra Dun, India, 17 to 19 May 1986

These Workshops were attended by over two hundred experts from the
countries of the Region, in addition to concerned professionals and
representatives of international agencies. A large number of professional
papers and research studies were presented and discussed in detail. With the
permission of the authors, copies of papers in full will be supplied on
request, with a charge to cover reproduction and postage costs.

In September 1986, ICIMOD published four summary Workshop Reports.
Each is intended to represent the conclusions reached at the Workshop and
does not necessarily reflect the views of ICIMOD or other participating
institutions.

Copies of the reports are available upon request from :

The Publications Unit
International Centre for Integrated Mountain Development (ICIMOD)
i G.P.0O. Box 3226
Kathmandu !
Nepal |

il




MOUNTAIN AGRICULTURE AND CROP
GENETIC RESOURCES

Report of the

International Workshop on Mountain Agriculture

and Crop Genetic Resources

International Centre for Integrated Mountain Development

Kathmandu, Nepal




Foreword

Over the last three years since its inception as a completely new
International Centre located here in the mountain Kingdom of Nepal and
focusing on integrated mountain development throughout the eight sovereign
states that share the vast Hindu Kush-Himalayan system, ICIMOD has held a
series of international workshops on selected issues of mountain development
with ‘built-in’ environmental conservation.

The International Workshop on Mountain Agriculture and Crop Genetic
Resources, held in Kathmandu in February this year and the subject of this
present publication, was unique in this Workshop Series not only in its subject
focus but particularly in its organisation - in that for the first time it sought
to bring together not only senior participants from the countries of the Hindu
Kush-Himalaya but also, on this unique and exciting occasion, from the Andes
Mountains in South America and from the Mountain Systems of Africa and
South-East Asia.

The central theme of the Workshop discussions was the better
understanding of mountain farming systems, with special reference to the
more effective organisation of research on mountain crops - including research
on the issues involved in the exchange of genetic resources between one
mountain region and another - with the common aim of improving the
economic conditions of hill farmers everywhere. For ICIMOD, this highly
significant International Workshop was the initiation of a two-year
programme of the systematic assembly and assessment of international
knowledge on mountain agriculture, leading to a major International
Conference on Sustainable Mountain Agriculture to be held in Kathmandu in
October 1989,

For this most encouraging beginning, we have to thank our co-sponsors of
this particular Workshop: the Ministry of Agriculture of HMG Nepal and the
International Development Research Centre (IDRC) of Canada. It was a
special pleasure to all of us that this Workshop was inaugurated by the
Honourable Minister of Agriculture of HMG Nepal, Mr. Hari Narayan
Rajouria, with a characteristically thoughtful and stimulating address.

I must add my special thanks to the Workshop organisers: Dr, Ken Riley of
the IDRC Regional Office -in Delhi, Dr. Ram P. Yadav and Dr. Binayak
Bhadra of ICIMOD: and to the latter specially for the preparation of this
Workshop Report. A separate volume based on the full and revised versions of
the Workshop papers will be published shortly.

Colin Rosser
Director



Copyright © 1987
International Centre for Integrated Mountain Development
All rights reserved

Cover photograph : Underexploited crop genetic resources and traditional agriculture of remote moun-
tain areas in the Himachal Himalaya.

Dr. Tej Pratap

Published by

International Centre for Integrated Mountain Development
G.P.O. Box 3226, Kathmandu Nepal

Printed in Singapore at Kefford Press

In the preparation of this report an attempt has been made to reflect the views and interpretations expres-
sed by the participants at the Workshop. These views and interpretations are not attributable to the Inter-
national Centre for Integrated Mountain Development (ICIMOD), and do not imply the expression of an
opinion concerning the legal status of any country, city, or area of its authorities, or concerning the delimi-
tation of its frontiers or boundaries.




CONTENTS

4.

FOREWORD.

. INTRODUCTION AND WORKSHOP OBJECTIVES

LIST OF PAPERS

SUMMARIES OF PAPERS

WORKSHOP DISCUSSIONS

A. Physical Environment and Mountain Farming Systems

(a) Hindu Kush-Himalaya Region
(b) The Andean Mountain Region
(c) West Asia, North and Tropical African

Mountain Regions

. Genetic Resources of Mountain Crops

(a) Cereal Crops
(b) Tuber Crops
(¢) Fruits and Medicinal Plants

CONCLUSIONS AND RECOMMENDATIONS

(a) Discussion of Group A on Mountain Farming
Systems

(b) Discussion of Group B on Crop Genetic Resources

SUMMARY OF RECOMMENDATIONS

WORKSHOP PROGRAMME

LIST OF PARTICIPANTS

Page

20
20
20

23
24

26
28
31
31

33

33

36

40

42

45



Introduction and Workshop Objectives

Mountain agricultural systems are characterized by their extreme diversity
and complexity. Many unique crop varieties and animal species are found in
mountain environments. Unfortunately, much of this diversity is rapidly being
lost as a result of growing population pressures, an increasing demand for
crops which can be marketed for cash in urban areas and competition from
high yielding modern varieties of major crops. Indeed, the situation in many
areas is considered extremely serious and urgent measures are required to
ensure that these irreplaceable genetic resources are collected and maintained.

At the same time, crops which are well adapted to one mountain area may
prove valuable in improving the agriculture in other mountain regions having
similar conditions. Recognizing this, the International Centre for Integrated
Mountain Development (ICIMOD), the International Development Research
Centre (IDRC) and the Ministry of Agriculture, His Majesty’s Government of
Nepal, jointly sponsored the International Workshop on Mountain Agriculture
and Crop Genetic Resources from February 16-19, 1987 in Kathmandu, to
review the special features of mountain agricultural systems, the crops which
are adapted to them and opportunitiecs and mechanisms for collection and
exchange of genetic resources,

The specific objectives of the Workshop were:

1. to characterize various mountain physical environments and to look for
common e¢lements '

2. to characterize mountain farming systems to identify common needs
and opportunities

3. to describe the range and use of germplasm adapted to mountain
conditions including:

a) native species
b) adapted landraces of major crop species
¢) genetically improved cultivars of both native and major crops

4. to establish mechanisms for the exchange and multi-location evaluation
of germplasm, and the exchange of information on performance and
potential use of materials exchanged



5. to discuss the need, desirability or feasibility of establishing a network
for mountain crops.

The Workshop was inaugurated by the Honourable Minister of
Agriculture, Law and Justice, His Majesty’s Government, Mr. Hari Narayan
Rajauria. During the inaugural address the Honourable Minister drew
attention to the factors that have brought about the imbalances between the
population and resources which, in turn, has accentuated both poverty and
ecological degradation in the mountain regions of Nepal. He stressed the need
and the importance of conserving the diversified crop genctic resources of the
mountain regions of the world. He emphasized that the rugged topography,
poor physical and institutional infrastructures and considerable climatic
variations pose serious hurdles in mountain development. He also said that the
tremendous heterogeneity represented by mountain environments, agriculture
and the associated farming systems, has generated the most diversified and
rich crop genetic resources available to all mankind, and every effort should
be made to preserve and conserve these genetic resources.

During the welcome address, Dr. Colin Rosser, the Director of ICIMOD,
said that the Workshop is the first in a planned series of expert meetings over
the next eightecn months leading to a major international Workshop in 1988 on
Strategies of Mountain Agriculture: A 20-year Perspective. He indicated that
the central theme of this seriecs of exchanges of professional knowledge and
experience would be on the related aspects of mountain agriculture, such as,
the increasing pressure on traditional hill farming systems and their
vulnerable mountain habitats exerted by a relentlessly growing population
throughout the Hindu Kush-Himalaya region. He emphasized the urgency of
appropriate policy and programme measures to assist the essential transition of
hill agriculture from near total dependence on subsistence farming to
integration of cash crops, forestry products and livestock into the market
economy. He also stressed the importance of the preservation of mountain
environments through sustained agriculture and farming systems that embody
the richly diversified crop genetic resources.

Dr. Geoffrey Hawtin, Associate Director, IDRC, highlighted the need and
importance of exchange of germ germplasm in general and between the
mountain regions in particular, so that mountain agriculture can be sustained
or made more viable and the diversity of genetic resources in these agriculture
and farming systems preserved. He stressed not only the need for extending
the germplasm exchange networks beyond the Alps and the Andes to the
Hindu Kush-Himalaya and other mountain regions, but also the need to
analyze the implications of the dlfferent problems inherent in the application
of crop genetic resources.

The Workshop participants consisted of crop geneticists, agriculture
specialists and social scientists from the mountain regions of the Hindu Kush-
Himalaya, Andes, west Asia and Africa. The forty participants represented
Bhutan, China, Ecuador, India, Kenya, Nepal, Pakistan, Peru, Thailand, and
USA. The professionals of ICIMOD, IDRC and the Ministry of Agriculture,
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also participated in the Workshop. A field visit to Kakani Horticulture Farm
and Agriculture Research Centre at Khumaltar was organized with the help of
the Department of Agriculture, His Majesty’s Government, Nepal.

The highlights of the Workshop discussions are presented in the next two
sections: Physical Environment and Mountain Farming Systems and Genetic
Resources of Mountain Crops followed by Conclusion and Recommendations.
The annexes contain the programme and list of participants of the Workshop.
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Summaries of Papers

Reviews

ENVIRONMENTAL DIVERSITY AND ITS
INFLUENCE ON FARMING SYSTEMS IN THE
HINDU-KUSH HIMALAYAS

P.LMaharjan, B.Bhadra, P.Roy,
R.P.Yadav, Z. Rongzu

The Hindu Kush-Himalaya (HK-H) region
consists of mountains, hills and plateaux of
Pakistan, India, Nepal, Bhutan,
Bangladesh and Burma. It is between 220-380 N
latitude and 60-150° E longitudes. The elevations
in the HK-H region range between 150 m to 8800 m
and the average altitude exceeds 4000 m for the

entire ranges which consist of (a) Hindu Kush

Afghanistan,

starting from N-W Afghanistan and leading up to
the western part of NWFP of Pakistan, (b)
Karakoram, (c) western Himalaya consisting of
eastern part of NWFP of Pakistan, Jammu and
Kashmir and Himachal Pradesh (d) Central
Himalaya, consisting of Uttar Pradesh and Nepal,
(e) Eastern Himalaya formed by Sikkim, Bhutan,
Arunachal Pradesh, Assam, Meghalaya, Tripura,
Nagaland, Manipur (consisting of ranges such as
eastern Himalayas, Naga Hills, Chin Hills, Khasi
Hills), (f) Tibetan plateau,
Mountain.

and (g) Henduan

Thus HK-H represents the greatest variation
in altitude, rising with earth’s highest mountain
range the Himalaya, and going down to one of the
lowest spots on earth. Drained by three of its major
river systems the Indus, Ganges and Tsangpo-
Brahmaputra, the whole of HK-H is characterized
by complexes of mountain systems, climates and
vegetation which represents almost global diversity
within the region.

Climatically, the world’s highest rainfall
area (more than 5000 mm. annually), Cherapunji in
the Eastern Himalayan region, to cold trans
Himalayan areas (receiving less than 40 mm.
The

temperatures vary drastically with altitudes as well

rainfall annually) lie in this region.
as the prevailing wind conditions.

Vegetation wise, the HK-H abounds with
tropical wet forest in NE Himalayas, dry moist
forest in the central Himalayas, dry scrub land
steppe vegetation in western Hi'malaya, to almost
desert like scrub and forage in Baluchistan, Hindu
Kush and the cold deserts of the Tibetan plateau
and other rain shadow areas.

In fact, wide climatic and geomorphic
diversity have offered many opportunities for
cultivation of food crops, fibres, fruits, medicinal
plants, fodder and fuelwood trees in the extensive
valley, terraced hill and mountain slopes, and
cultivable mountain tops of the HK-H Region.
Genetic diversity has been brought out sometimes
by trade and migrations, and multiplied for
generations. HK-H region consists of very diverse
agro-ecological zones, resulting in the creation of
diverse farming systems. However, by way of
illustration only a few typical examples are

summarized below.

A study of hill farming systems in Pakistan
found that a number of farming systems have
evolved due to varied and distinet ecological
condition of the hilly and mountainous terrain of
north Pakistan. Comparision ‘of two agroclimatic
indicate that better
access, better land quality, lower altitude (sub-

zones at different altitudes,



tropical with more growing seasons) and irrigation
facilities make a tremendous difference to cost,
cropping intensity, production, marketing and
opportunities for off-farm employment. In contrast,
rainfed cultivation and lower cropping intensity
and lower employment prevail in higher and more

difficult terrain.

The High Mountain Farming Systems are
generally found in association with transhumance in
areas above 3000 m., in the central Himalayas. The
climatic conditions often allow only one crop of
barley or buckwheat and potato which constitute
the main crop. Livestock is of major importance in

this farming system.

MOUNTAIN PHYSICAL ENVIRONMENT AND
FARMING SYSTEMS IN WEST ASIA AND
NORTH AFRICA

Gordon Potts, IDRC, Cairo

Including the countries in North Africa and
those of West Asia, about 14 per cent of the total
land area is comprised of mountain farming
systems. As in many other mountain systems, these
areas suffer from problems, small and fragmented
terrain farm lands, hazards of soil erosion,
traditional production systems. The prevalence of
several mountain ranges present diverse situtions in
the region. The major tropical features of the region
constitute the Rift Atlas mountains along the coast
of Morocco and Algiers, the Taurus Mountains in
eastern Turkey and the Zargos Mountains in Iran
and Iraq.

The Atlas Mountain Systems dominate the
physical geography of the north east and these
These
mountains have four distinct massifs in Morocco.
These rugged
Mediterranean coastline rising to 2200 m in the
north, to 3000 to 4000 meters in height as middle
Atlas, to the High Atlas towards the south and then
falling to lower southernly ranges. From eastern

mountains continue to be unstable.

include a area along the

Turkey, south-east through central Iran, a series of
mountains predominate, one range folding into
" another. In Turkey, rings of mountains enclose a

series of inland plateaux, Mount Ararat being the

highest (5165 m) in the east. Fresh and salt ranges
in Turkey, thus are Taurus Mountains, along the
eastern Mediterranean and Poutine Mountains in

the north east along the Black Sea. The Zagros

* mountins starts from the north west of Iran forming

parallel high tablelands and low basins alternately,
the ridges reaching over 4000 m. high sweeping
south and east to the Arabian Sea. The Elburz
range also starts in the north-west and passes along
the south edge of. the Caspian Sea. It is a narrow
range with the volcanic cone of Mt. Damavand
rising to 5604 m. Strong winds and wide
temperature variations make much of Iran
unsuitable for supporting population. However,
along with the Caspian Sea in the Elburz range
with up to 2000 mm rainfall, special climatic
conditions like those in the lower Himalayas are

prevalent.

Afghanistan is dominated by the Hindu
Kush range, peaking up to 6000-7000 m.

The last range of mountains in the rgion run
along the south-west edge of the Arabian peninsula,
primarily in the Yemen Arab Republic. This range
has received the most scholarly attention of all the -
ranges in the region. So a detailed mountain
agriculture environment of this range has been
dealt with in the paper as representative of this
diverse region.

Of the 8.6 million (1981) peoples in the
Yemen Arab Republic, 89% reside in the rural areas
spread above 200,000 km2 of the country’s
territory. Of this, 75% of the territory lies in the
mountains. Agriculture contributes 37% to the
GNP (1980). Yemen mountains are categorized on
the basis of altitude, slopes and nature into the
three main typés viz, highly dissected, very steep
slopes with 1500-3000 metres altitudes and deep
gorges predominant, moderately dissected steep
slopes (30-100%) 500-1500 metres high with very
few gorges, and high plateaux with altitudes 1500-
2500 metres high with generally sloping -surfaces.
Soils vary from gravelly stones to deep loam/clay.

Rainfed crops are mainly wheat, barley and
legumes like cowpea and lentils are inter-cropped
with sorghum (yield 0.5-3.0 t/ha).



In the

sorghum are also grown, while certain vegetables

irrigated area maize, wheat and

like potatoes, tomatoes, onions, cabbage and
cucumber are grown in small plots. In the irrigated
orchards coffee, banana, grapes and Catha edulis
are grown. Catha yields 5-10 times more income

than coffee.

Out migration from mountains to oil-wealthy
Arabian countries is breaking down the traditional
tribal stability
production.

system and in agriculture

In fact the countries of west Asia and the
north African Region are producing at a lesser rate
than the annually rising rate of 4.3% of growth of
demand for food. Many countries have now become
importers of food, some on a large scale. In 1970,
total wheat imported into Arab countries was 4.9
million tonnes and it was 16.7 million in 1983. By
2000 AD the estimated food import requirement
will be 48.5 million tonnes. In view of this, these
countries, many without oil reserves, must attempt
to maximize production from the arable land.
Countries with a mountain farming system must
also continue to be productive for effective solution

of such growing food deficit.

UNITY OF GENETIC POPULATION FOR ARID
BARLEY AND CULTIVATED BARLEY IN
HIMALAYAN AREA.

Shao Qiquan, Zhow Jegi and Li Ansheng

The study on the genetic population of
different types of wild barley (Hordeum,

spontaneum, H. agriocsithon convar. lagunculiform

convar euagriocsithon convar nudun and cultivated

barley) shows that the composition of the varieties
on the north and south slopes of Himalayas has

very clear similarity.

The two rowed wild barley has been recorded
on the south slope of Himalayas in India,
Afghanistan, Nepal and was recorded as natural
wild population in the northern part of
Afghanistan. Six rowed wild barley found in the
south-western part of China was agreed to be the

ancestor of the cultivated six rowed forms.

The bottle shaped wild barley is
morphologically stable. Wide distribution of bottle
shaped wild barley is similar to that of the six
rowed wild barley. Quite the same forms of six-
rowed wild barley were discovered in Nepal, on
southern slopes of Himalayas. This similarity
indicates the unity of the genetic population of
barley in this area and shows that different forms of
wild barley there have a really wide distribution
and as a natural species have their own population.
The morphological, cytological and genetic
observation and ecological analyses support this

unity.

The existence of many forms of wild types of
barley is not merely of theoretical importance to
designate the evolutionary process of barley, it has
a very high practical value as a source of disease
resistant material for breeding purpose.

MOUNTAIN AND UPLAND AGRICULTURE
AND GENETIC RESOURCES IN THAILAND

Sutthi Chantaboon

Mountain and upland agriculture in
Thailand have been a kind of slash and burn or
what is called Swidden cultivation. There are about
9 hill tribes, of which low hill and high valley people
include Karen, Lua, Sin and Khamu. These groups
establish their communities below 1,000 metre
contours in dry evergreen forest and above 400
metre contours. The real highlanders include the
Meo, Yao, Lisu, Lahu and Akha tribes who settle
the evergreen forests between 1000 metres to 1500
metres altitude. These groups have different
In the past the latter
groups relied on opium as their principal cash crop

methods of cultivation.

while the former groups maintained stable
communities and even constructed irrigated rice
terraces.

The former group of tribes practise what is
called cyclical Swiddening which is secondary forest
cultivation i.e. cyclical bush fallow land rotation.
This form of cultivation is also a type of slash and
burn which allows the vegetation to regenerate for
This method provides the
basis for permanent settlement.

subsequent clearing.

Some village rites
of these tribes are over 200 years old.



The latter group of hill tribes of people also
practise what is called Pioneer Swiddening i.e.
primary forest cultivation or shifting cultivation.
This pattern of cultivation is conducted by felling
and burning the biomass and growing crops on the
cleared land for as long as possible, varying from
one to 20 years, depending on fertility levels and

composition.

The cyclical swiddens have traditionally
followed basically three types of land tenure viz.,
communal estates, mixed private and public tenure
and private ownership. The agricultural wisdom
exercised by widdeners is considerable and covers a
wide range of activities starting from felling &
selection of cultivation sites to the technology of
harvesting of crops. Highlanders principally follow
rice based farming system. Several other crops
classified by use such as food crops, vegetables such
as chinese mustard and okra (about 46 species),
roots tubers and rhizomes, ginger, shallots etc.,
animal feed plants, sugar cane, fibre crops, herbs

and spices are the major crops.

In 1960 a major development programme was
mounted with the objective of stopping swidden
agriculture, replacing opium cultivation by other
crops and promoting permanent agriculture. Since
then, new improved crops have been introduced.
Research work also commenced around 1960 and set
up a highland experimental section at Doi Mussur
and new crops such as coffee, avocado, macadamia
nuts, cherry etc. were included. The Royal Project
set up in 1969 functioned from 1970. About 69
agriculture research projects involving plants and
animals were executed to support hill agriculture.
Definite changes in the cultivation of rice and other
crops

have been observed in the agricultural

scenario. However, there is a need to preserve the
traditional strains or crops, along with the

introduction of new types of crops in the area.

MOUNTAIN FARMING SYSTEMS IN NEPAL

M.P. Pant and J.C. Gautam

The paper presents interesting paradoxes

about Nepal. One of the most scenic and beautiful
countries of the world is also one of the least

developed countries. It has the highest mountain
(more than 8000 metres) in the world and also very
fertile land at less than 100 metres above sea level.
Nepal's economy is predominantly agricultural, but
is marked by low productivity and very slow rate of
technological dissemination. About 77 per cent of
the area is mountainous where 56 per cent of the
population toil hard for bare subsistence.

The Mountain Farming Systems are
agroecologically divided into two regions: The Hill

Farming System, extending from 500 m. in the
south to 2400 in the north. The climate in this
region is mostly warm/temperate. The Hill

Farming Systems are limited to river valleys and
terraced slopes. Double or triple cropping per year
is possible in this belt depending upon the
temperature and moisture (irrigation) availability
in the crop land. The High Mountain Farming
System is prevalent at higher altitudes above 2400
m. Generally only one crop per year is possible in
this agro-ecological region of the country. Both
these groups, however, are put together for general
description and recommendation in the paper.

In the hills, maize is the most important
crop followed by rice, wheat and millet, while in the
irrigated low land terraces rice based patterns
predominate. Soyabean and blackgram are among
the popular legumes. Both tropical and temperate
horticulture have high potential. in the hills.
wheeras the high mountains have potatoes and
temperate fruits as potential commercial crops
provided the transportation systems for the product
and markets are developed. Potato buckwheat, oats
are grown as the stable crops at such high altitudes.
Livestock is an integral and inseparable enterprise
with the farmers in Nepal in general and hills in
particular.

The strategies suggested to develop
mountain farming systems in Nepal point to the
suitability of adopting farming system approach. In
order to check ever increasing soil erosion in the
hills, agro-forestry must be a part of the research
programme. Integrated research to increase
productivity of the livestock and crop sector is very
much lacking and needs added attention. Women
in Nepal have been playing a crucial role in
agriculture and their development activities need to



be carried on . Similarly, generation of technology
for the mountains needs to be integrated with the
supply of inputs and other related services.

increased

The paper also strongly urges

concern for linking international and national

organizations for hill area development.

Since the mountains are chronically deficit in
food and yet the majority of Nepal's population
reside in this region, it is very essential that long
term solutions are sought by generating additional
increase the

incomes in these areas so as to

purchasing capacity of the masses.

AGRICULTURE IN BHUTAN
D.R. Ghalley

Bhutan an agricultural country is located
between 26.50 and 29.5° north altitude and 88.5
and 92.50 east longitude, comprising a total area of
46,500 sq. km., about 74% of which is forest, 5% is
under cultivable land and the rest is either alpine or

under snow cover.

The southern foothills up to a height of 1500
m. extends to 20 km. north. The inner Himalayas,
where the main cultural heart land and important
active belt of Bhutan is situated, consists of the
middle part of the Kingdom up to a height of 3000
meters. The northern region of the Kingdom rising
upto 7000 metres comprises the main Himalayan
range. The foothills have a hot, humid climate with
temperatures remaining fairly even throughout the
year between 15 ¢ and 30 ¢, with 5000 mms of rain
fall in some areas, the middle Himalaya have cool
temperate climate with annual precipitation of 1000
mm. The western region receives comparatively
higher rainfall. In higher areas of far northern part
climate is a severe alpine with annual precipitation
of about 400 mm.

The soil type consists of sandy loam and clay
loam in most parts of the country. The agricultural
land is classified into five categories, namely, wet
land , dryland, Tsheri land shifting cultivation,
orchard land and kitchen garden land. About 23.5%

of the total cultivable land is wetland. Paddy is the
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main crop and maize, potatoes and other vegetables
are also grown in the area. Dryland consists of
§1.8% of the cultivable land, maize is the major
crop and wheat, barley, potato, millet, buckwheat,
mustard etc. are also grown as minor crops. Tsheri
land is 9.3% which is cultivated in a cycle ranging
from 15-12 years. The main crops grown are
paddy, maize, millet and barley. In order to make a
rational use of Tsheriland, Bhutan needs
appropriate assistance from outside. About 14.4 of
cultivable land is used as orchards mainly to grow
apple, orange, cardamom. The main vegetables
grown are cabbage, cauliflower, chili, tomato, radish
etc. and takes about 1% of the cultivable land of

the Kingdom.

Although agriculture is the mainstay for
94% of the labour force of the Kingdom, investment
in research has been minimal. However, with the
establishment of the Centre for Agriculture
Research and Development in recent years,
collaborative activities with IRRI, IDRC, CIMMYT
and among the SAARC countries, have ushered in

some research activities into rice, wheat and maize.

APPROACHES AND TECHNIQUES FOR
ASSESSING MOUNTAIN ENVIRONMENT

Tariq Hussain

The primary objective of the paper is to
explore approaches that can be used to identify and
The
secondary objective concerns the identification of

design sustainable development initiatives.

research priorities through different approaches.
However, the approaches discussed belong to sets
used previously in both mountainous and plain
areas. The approach assumes that a community of
mountain dwellers is an invaluable source for
that should the

community’s environment and that every technical

knowledge, researchers learn
innovation should be supported by a locally existing

or innovative sustainable management system.
Thus the paper opines that the challenge for
research and planning is to graft upon the resources
and management of mountain dwellers so that they
themselves may better manage their resources for

themselves and their children.



The paper then describes the approaches
adapted to identify programmes/projects
pertaining to village-level physical infrastructure
development, land reclamation and development,
forestry development, winter feed and livestock
development and wheat farming system. The
approaches included Diagnostic Survey, adapting
frequent dialogues by multi-disciplinary teams with
the villagers, leading to over 250 village level

infrastructure development projects.

In order that such projects are meaningfully
managed by the villagers, Agro-ecosystem Analyses
(AA) for Development was carried out. This helped
to interlink village level community goals with
individual private production and consumption
objectives, leading to improvement in agricultural
productivity on a stable, sustainable and equitable
basis. The paper presents the patteri analysis of
two villages (Pasu and Oshi Khandaso). This was
followed by a workshop which also helped in making
rapid appraisal of villages and identifying projects.
In the forestry projects, rapid appraisal techniques
were adapted to identify grazing area and village
Thus, a
‘menu’ of general findings was prepared for different

requirements and village institutions.
village situations.

Given the history of difficulties with
centralized, aggregative research and planning,
alternative systems of village level learning
experience deserve serious consideration by the

community of development professionals.

The paper concludes that once the village
level priorities have been established, village level
whether this
feasibility is conducted through village dialogues or

feasibility needs to be undertaken,
village level statistics (or both), villagers need to
be involved in evaluating the technical and
institutional context of proposed projects.
AGRICULTURAL SYSTEMS OF XIZANG
Cheng Hong

The formation of the agricultural system of

Xizang is influenced by three principal factors.
First: high elevation. It is estimated that the land

above 4500 m makes up 78% of the whole area; over
4000 m, 86%. Second: remote geographic location.
Third: low productivity. These two factors
restricted the devleopment of the economy and
caused the oF ious self-sufficient and closed
characteristics of agriculture production in Xizang.
In rural area, the important functions are animal
husbandry and crop cultivation. These two sectors
make up over 85% of the total agriculture output
value of Xizang. The farming system of Xizang is
actually expressed by the relationship between
animal husbandry and crop cultivation and between
different crops. Three type of regions may be
divided according to the relationship between
pastoral and farming i.e. 1. The regions which
mainly are animal husbandry make up over 70% of
the total animal and agriculture output in these
regions. 2. Transitional regions of pastoral farming
where the output value of animal husbandry makes
up 30-70% of the total animal husbandry and
agriculture products. 3. The regions which are
mainly agricultural with the output of animal
husbandry below 30%of the total animal husbandry
and agriculture output. There are three basic
regions of cropping system and combination of
crops in Xizang. 1. The regions of one crop sow in
spring. Highland barley is the only crop which is
sown in May or June and harvested in September.
2. The regions of one crop sow in winter. Winter
wheat and a small area of winter highland barley
are sown in September or October and harvested in
August or September of the next year. 3. The
regions of double-cropping. The staple crop in this
system are winter wheat. Another crop of maize or
after the
harvesting of winter wheat can be cultivated.

buckwheat or double crops of rice,

Details of the three factors, three type of regions
and three kinds of cropping systems were discussed.
Figures of farming system of Xizang were attached.

AN EVALUATION OF ANDEAN ROOT AND
TUBER CROPS: GENETIC RESOURCES FOR
MOUNTAINOUS ENVIRONMENTS

Steven King and Noel D. Vietmeyer

The Andes is well known as the centre of
origin and diversity of potato - Solanum tuberosum

the world’s most important tuber. The Andeans, in



fact, have domesticated numerous other root and
tuber crops which are endemic to the highlands of
The work of Andean and other
scientists suggests that some of these roots and

South America.

tubers exhibit great potential for utilization in the
of Africa
Consequently, increased utilization and

mountainous regions and Asia.
development of these crops can lead to increased
food self-sufficiency for mountainous regions within

and outside the Andean zone.

Some of the important roots and tubers that
have agronomic and nutritional potential in terms
of meeting the food requirement of the mountain
regions could be listed as below:

Root Crops

Lapidium meyenii:
cultivation up to 4500 metres. Shows potential

outside region of Andes.

Arracasia Xanthorriza Bancrofe:

is a herbaceous perennial that produces large,
thick edible carrot shaped starchy roots.

Cana edulis :
- i8 also grown to a limited extent in Asia and the
Pacific.

livestock feed

The leaves and rhizomes are used as

Mirabilis expansa:
- is well adapted to mountainous environments
in nutritive

value. It is cultivated from 2800-3200 metres.

and is comparable to potatoes
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Tubers:
Ullucus tuberosus grown at altitudes of
Oxalis tuberosa 500-4000 m.

Tropaeolum tuberosum

Pachyrhizus tuberosum:

they grow well in hot and wet tropics

Polymnia sonchifolia:

sweet taste, watery quality considered as
pleasant refreshment

It is significant that these root and tuber

crops are now being promoted for utilization also in

other mountainous regions of the world.

THE ANDEAN PHYTOGENETIC AND
ZOOGENETIC RESOURCES

M. Tapia and N. Mateo

Andean mountains cross all the way from
north to south in the western coastal region of the
South American continent. Therefore, it constitutes
both tropical and sub-tropical latitudes and
altitudes and range up to 4000 metres from sea
level. In seven of the Andean countries, area located
above 2000 metre high is about 2 million hectares.
This region has its special native plants and animal
species. In fact, Andean region of Ecuador, Peru
and Bolivia is recognized as one of the eight centres
of origin of crop plants in the world. The main
Andean native food species of above 2,000 m are
given in the following table.



MAIN ANDEAN NATIVE FOOD SPECIES ABOVE 2,000 M *

COMMON NAME

SCIENTIFIC NAME

BOTANICAL FAMILY

GRAINS

Quinoa
Kaniwa
Kiwicha
Tarwi

TUBERS

Oca
Olluco
Mashua

ROOTS

Maca

Jimaca, Ajipa
Arracacha
Yacon "Jiquima"

COMMON FRUITS

Nuez del Peru
Chirimoya
Pacae, "guamos”
Huagra-manzana
Capuli

Mora de Castilla

OTHER FRUITS

Ciruela del Fraile
Tumbo, curuba
Tintin

Lucuma

Capuli, "uchuba”
Sacha tomate

Chenopodium quinoa

Chenopodium pallidicaule

Amaranthus caudatus

Lupinus mutabilis

Oxalis tuberosa
Ullucus tuberosus

Tropaeolum tuberosum

Lepidium meyenii
Pachurrhizus ahipa

Arracacia xanthorrhiza

Polymnia sonchifolia

Juglans peruviana
Annona cherimola

Inga feuillei
Crataegus stipulosa

Prunus serotina

Rubus glaucus

Bunchosia armeniaca

Passiflora mollisima

Passiflora pinnatistipula

Lucumabifera
Physalis peruviana
Cyphomandra betacea

Chenopodiaceae
Chenopodiaceae
Amarantaceae
Leguminosae

Oxalidaceae
Baselaceae

Tropaeolaceae

Cruciferae
Leguminosae
Umbeliferae

Compositae

Juglandaceae
Anonaceae
Legunimosae
Rosaceae
Rosaceae
Rosaceae

Malpigiaceae
Pasifloraceae
Pasifloraceae
Sapotaceae
Solanaceae

Solanaceae

* Maize and potato are not mentioned due to their worldwide distribution
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Of these crops, quinoa, kaniwa, Amaranthus
and Lupinus as grains, tubers and roots such as
yacon, arracacha assume importance both in the

native and outside areas.

There are several species of animals, native to
this region. Of these, domesticated mammals such
as llama and alpaca are very important both as a
source of protein and means of transport for the
hills and are called mountain camels or camelids.
Guinea pigs, locally called cuy (Cavia parcellus),

are an important source of protein.

Collaborative work on the genetic resources of
Andean mountains among the different
mountainous countries of the world could open up
large scale sharing of benefits, as in the case of
potato and maize crops in the past.

HIGH MOUNTAIN ENVIRONMENT AND
FARMING SYSTEMS IN LATIN AMERICA

N. Mateo and M. Tapia

A clear-cut definition of "high mountains” is
not available from literature or researchers in Latin
America. A practical one, used by the government
of Peru, defines "high mountains” as those lands
above 2000 m.a.s.l.

The particular climate, topography and
exposure of the high Andes, as well as the needs and
socio-political organization of its inhabitants, have
resulted in a very rich and complex adaptation and
selection of crops and animals.

Soil formation processes are characterized by
intense erosion and sedimentation. In general, soils
are not well developed. In the northern humid
Andes many inter-Andean valleys enjoy drier
climatic conditions. On western slopes, soils are of
volcanic origin, while the eastern soils are generally
of sedimentary origin. The Andean "altiplano” is a
high level mountain basin at over 3500 m. In the
mountain slopes and highlands of the Andean
countries, lithosols predominate (41%). The
estimated percentage of poor and good soils is 36
and 23 respectively. Traditionally, farmers use

indicator plants to identify the quality of soils.
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One of the well
system sites called Coporaque has the following

documented cropping

farming systems characteristics. This area is
considered as dry inter Andean Valley on the west
sid