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FORTWORD

In Nepal such crops as finger millet, tarley, buckwheat and amaranth
ere frequently referred to as hill crops due to the fact they are primarily
grown in the hills and are of major importance to the hill population.
These crops could also be called neglected crops because very little effort
has been devoted to their improvement. Illowever, the Depertment of Agricul-
ture/MOA/HMG/N has come to recognize the importence of these hill crops and
1s keenly interested in developing an Improvement program. This report is
in response to a request from the Department of Agriculture to assess the
present situation and the potential of hill crops in Nepal and to formulate
an Intensified Hill Crops Improvement Program.

The report is the result of a Joint effort and the contributions of
many people. Dr. Kishor Sherchand, Plant Breeder, recently received his
Ph.D. at Kansas State University and is a member of the Agriculture Botany
Division, Department of Agriculture. Mr. Tek Bahedur Shrestha is an Agri-
cultural Economist and a local consultant. Dr. Kenneth O. Rachie, Winrock
International ccnsultant, is a Plant Breeder, Agronomist and Research
Administrator with over 30 years of professional experience. Mr. A. N.
Bhattarai, Chief, Agronomy Division, has, for many years, indicated the need
for additional research on hill crops and through his continuous efforts
and encouragement plans were formulated and implemented for the development
of this Intensified Hill Crops Improvement Program report. Mr. Gopal
Rajbhandary, Chief Agricultural Botanist, Agriculture . Botany Division.
provided continuous guidance, stimulation and backstopping which resulted
in the report becoming a reality. Invaluable assistance and background
information have been provided by Mr. Khagendra Men Singh and Mr. Deep Man
Sekya of the Agrnonomy Division. The comments, suggestions and encouragement
of Mr. Gary Alex, Program Officer, USAID/N and Dr. Kenneth W. Riley, Program
Officer, IDRC, New Delhi vere most helpful.
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It 18 visualized that this report will serve as a guide and an
inspiration and will go a long way in accelerating the Hill Crops Improve-
ment Program in Nepal.

Carl N. Hittle

Chief of Party

Agricultural Research and Production
Project
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ACRONYMS

Asian Development Bank

Agricultural Development Bunk of Nepal

Agriculture Inputs Corporation

Agricultural Projects Secvices Centre (Kathmandu)
Agricultural Reszearch and Production Project
Agricultural Statistics Division

Asian Vegetable Research and Development Center (Taiwan)
Central Food Research Laboratory
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His Majesty's Government of Nepal
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International Agriculture Research Center (eg. ICRISAT, IRRI,
ICARDA, IITA and others)

International Board for Plant Genetic Resources (Rome)
Indian Council for Agricultural Research

Intern?tional Center .Jor Agricultural Research in the Dry Areas
(Syria

International Centre for Integrated Mourtain Development
(HMG/N, UNESCO, GTZ, SATA)

Integrated Cereals Project

International Crops Rescarch Institute for the Semi-Arid
Tropics (Hydersbad, India)

International Development Research Centre (of Canada)
Integrated Hill Development Project (SATA)
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International Rice Research Institute (Philippines)
Karnali-Bheri Integrated Rural Development {CIDA)
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Ministry of Agriculture
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Overseas Development Agency of the United Kingdom
Pakhribas Agricultural Centre (ODA)
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Swiss Association for Technical Assistance
Tribhuvan University
United States Agency for International Development
Winrock International Institute for Agricultural Development
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TERMS

Permanent Civil Servant, Officer Class (I-III)
Junior Technician/Junior Technical Assistant
(Non-Gazetted but permanent)

East-West strip of plains south of the foothills
Soup or sauce made from dried, boiled pulres

Dried legume sceds; syn: grain legumen, food legumes



English

Finger Millet
Barley, covered
Barley, naked
Common Buckwheat
Tatar Buckvheat
Amaranth

NEGLECTED HILL CROPS

Local Neme

Kodo

Jau

Uva

Mithe Phapar
Tite Phapar
Latte, Marshe

Botanical Name

Eleusine coracana (Geertn.)

Hordeum vulgare

Hordeum vulgare

Fagopyrum esculentum (Moench.)

Fagopyrum tatericum (Caertn.)

Amaranthus spp.
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A PROPOSAL FOR AN INTENSIFIED HILL CROPS

IMPROVEMENT PROGRAM

EXECUTIVE SUMMARY

Background

The present population of the non-urban Nepalese hills is about
76 lekhs. However, production of food grains comprising more then 80
percent of the hill peoples’' nutrition totals only about 16.2 lakh
tons. Of this amount only 10.6 lakh tons cre available for consump-
tion equivalent to the annual requirement of only 62.6 lakhs of
people. This represents a shortfall of 2.4 1akh tons of edible food
grains equivelent to 3.6 lakh tons of the gross harvested crop.

The three major food grains of the hills - maize, rice and
wvheat - have limited scope for expanding production as moat of the
more suitable lands (better soile, irrigation) have already been
developed. Moreover, there alrcady are major coordinated national
improvement programs for these crops. On the other hand, there are
four neglected hill grain crops - millet, barley, buckwheat and
emaranth - that contribute from 2.61 to 2.86 lakh tons of food grains
or 1.9 to 2.15 lakh tons of edible grains (note: total harvested
production of the four hill grain crops in Nepal - terai, hills and
mountains is estimated at 3.05 to 3.38 lakh tons).

In human feood equivalents these four crops provide major
sustenance for 11.5 to 12.6 lakhs of hill people or 18.L4 to 20.1
percent of all food grains produced in the hills. However, the food
deficit 13 destined to worsen as the hill populaticn increases to
101.4 lakhs by the year 2000 when current production levels of hill
crops (or imports) must rise to 16.6 lakh tons annually.
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The Proposal

The theme of this proposal is that tue most effective approach
to increasing food production in the hills is to mount an intensified
hill crops improvement progrem (HCIP) focussed on the four neglected
crops: millet, barley, buckwheat and amaranth. The long term main
thrust of this program will continue to be varietal improvement as
the most efficient, least-cost solution to the major constraints of
increasing production. Pursuing this approach will require a closely-
{ntegrated, multi-disciplinary team approach involving breeding, agro-
nomy, soll science, plant protection, plant physiology, agricultural

botany, and socio-cconomics.

The complexities of breeding four different species for the
nearly infinite permutations of agro-ecological conditions and local
uses is formidable indeed, and a much greater challenge than faced by
any other commodity program in Nepal. Therefore, the plant improvers
must have a large pool of indigenous germplasm and introduced materiels
to work with; and have accese to the range of growing conditions in
the hills. The former will require a well-organized collecting effort,
hopefully with separate support {eg. IBPGR or bilatered agencies) and
HCIP must test and evaluate germplasm under a broad range of hill
growing conditions (see item number 9, Operational Sites, of this

Sumary) .

A second critical thrust and one that could have an even more
rapid impact in the early stages is production management closely
integrated with the Farming Systems Program. Again most of the
disciplines included under plant or varietal improvement would be
involved. Similarly, there is & need to examine approaches to plant
protection other than host plant resistance. In this area informa-
tion will be needed on pest dynemics, effects of cropping systems and
cultural practices on crop demage, potential for biological controls,
and judicious use of chemical and biological controls.
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Theso three »esewrch thrusts w111 ccmprise the main core of the
hill crops program, but other areas may be included as resowrces,
staff and facilities allow, especlally:

1. Product quality studies - on the effects of crop, variety,
environment, soils management and handling/storege on zrain and
fodder qualities.

5. Post-harvest handling - especislly more efficient methods of
harvesting, threshing, drying and storing the crop.

3. New crops - carry out exploratory studies on promising exotic
species of crops for human nutrition, animal feed, and as compo-

nents of the cropping system.

Commnalty Mendate

From both the production and improvement perspectives the dis~
tinction betveen different ecotypes of Lhe same species grown under &
range of agro-ecological zones become blurred. In fact effective
improvenent programs for any agro-scology must work with the full
range of genetic diversity. Also, the difference between simply-
interited genetic characters like hulled vs neked hariey is a moot
one since the naked character can be transferred easily between geno-
types. In practice both naked and hulled barleys grov side by side
even at the higher elevations. For these and logistic reasons, it 1s
more efficient for a single improvement program to be responsible for

the same crop grown in all agro-ecologies in Nepal.

In the case of millet with 84.3 and 86.8 percent of area and
production, respectively, growm in the hills, all aspects of the
improvement of this crop would be included under the HCIP mandate.
The case of barley is similer. This crop with a total production of
24,000 to 57,000 mt (75.5% of the area and 76.5% of the production
occurs in the hills) is too important to neglect even in the Terai.
Therefore, if no other program is responsible for this crop ve
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recommend that al: aspects of improvement be mandated to the HCIP, at
least for the time being. If thie recommendation is accepted, barley

should be raised in priority level to second place after millet.

Program Orgenization and Sccpe

The HCIP will be organized as a fully structured, multidiscipli-~
nary program wlth close linkeges to the Farming Systems Program, the
disciplinary divisions at Khumaltar, seed production, extension,
Tribhuven University; snd to external agencles like the IARC's and
appropriate national research progrrms. Because of the special
problems and neede of hill crops research and the late program start-
up, three development phases are proposed: I (1987/1990), II (1990/
2000) and ITT (2000/2010). For the HCIP to be successful and have a
sustained impact careful nurturing and enthusiastia: support will be
required ut least throughout this entire period. Of course the first
13 to 14 years of development will be the most critical.

Hill Crops Technlcal Panel

The formation of a Hill Crops Technical Panel is recommended.
The Panel will corsist of divisional heads as members, and the DDG
tor crops will serve as chairman. The Hill Crops Coordinator will be
the gecretary. Other members mey include reprepsentatives of the seed
industry, farmer's groups and oiher egencies.

The purpose of this Panel is to advise on technical metters,
review progress, help prioritize problem ereas, and evaluate future
work plans. The Panel will also encourage complementary work among
disciplinary divicions and decide on annusl nllocations from the
"Special Projectc Fund". This fund will be eateblished in support of
related areas of research carried out by eorme of the disciplinary
diviaions.

Meetinge will be organized by the HCIP Coordinator in advance of

the main season, or once a year.



Seed Production and Extension

Close links will nced to be developed with the Agriculture Inputs
Corporation ané Fxtension, both of which are criticel for transferring
technology. It will be varticulerly important not only to provide
breeder's seeds, but also to help in roguing seed production fields
and training AIC technicel personnel in growing the new varieties.
Ample quantities of seeds and a good distribution network are essen-

tial for success of the program.

Role of Other Agencies

Hill crops production can also be increagsed through careful
national planning and policy by making inputs like seeds, fertilizers,
and pesticides available; assuring timely crecdit; and carrying out
effective extension so that technological inputs are readily avail-
able to farmers. The present intensive production and district-based
farming syetems program can have an important role in boosting hill
crops by educating growers and promoting improved technologies. HCIP
researchers should participate fully with such production programs.

Travel

It is essential that researchers should travel to see the work
at other stations, testing sites, and farmer's fields. This is
especially impcrtant for inspecting trials and other experiments
vhich must be seen at least 2 to 3 times during the growing season.
Therefore, there must be umple travel funds, and more extensive use
of air travel to save time, A second need for travel is to establish
and maintein linkages with foreign scientists - especially those in
India, Pakistan and Bangladesh.

Operational Sites

The main coordinating center for the HCIP is Lumle near Pokhara;
but Khumaltar will serve as the coordinating center until appropriate
arrangerwnts are made with the Lumle Agricultural Centre and needed
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facilities are provided.

There will be & network of four centers, in

addition to Lumle, at which one or more gazetted officers will be out-

posted, six subcenters primary testing sites, and at least four

collaborative farming systems sites, plus a large number of farmer's
field trials (FFT's).

The five centers and six subcenters include:

Subcenters/Testing Sites

Doti: M,Ba,BW
(620m)

Surkhet: M,Ba,BV
{450m)

Keakeni: M,Ba,BV
(2030m)

Khumaltar: M,Ba,BW
(1360m)

Pakhribas: M,Ba,Dw
{1700m)

Tarahara: M ;Ba
(200m)

M = millet; Ba = barley; BW = buckwheat; A = amaranth.

Centern

1. Lumle: M,Ba,BW,A
(1700m)

2. Jumla: M,Be,BW,A
(2390m)

3. Marpha: Ba,BW
(2550m)

L. Kavre: M,Ba,BW
(1700m)

S. Rampur: M,Ba,BW
(228m)

Note:

Facilities

perhaps at Rampur.

The HCIP will require facilities at all five centers, excapt

It may also be necessary to provide modeat fac-

1ities {(like a store, threshing floor and small equipment) at

selected subcenters.

resldences, laboratories and offices.

Major requirements at Lumle will be for

Addivional facilities on a

lesser scale will be nceded at the other centers depending on evail-

ability of existing staff and facilities.

About 70 percent of con—-

struction and station development in Phases I and IT (totalling Rs. €9
lakha) will be allocated to the main center, 20 percent will gn to
the subcenters, and 10 percent will be available for testing sites.

Laboratories and offices will have to be equipped and furnished,
glass or plastic/mesh houses constructed, and irrigation/dreivage



- xvii -

installed. Some land development work will be needed depending on
the situation at each station and site. Although some vehicles will
be reruired, field machinery will be kept to a minimum as belng
impractical at hill statioms.

Staff

A team of scientists led by a well-qualified coordinator will
include agronomists, breeders, soil scientists, plant physiologists,
plant pathologists, entcmologists, egricultural botenists, and socio-
economists. The proposed staffing for Phases I to .III will inelude:

. DevelopnieInt Phase (No) - Total

Discipline Phase
No/Grade No/Grade No/Grade I
1. Coordinator 1/1I 1/1 1/7 1
2. Agronomy 1/II+41/111{31/1I+42/1142/111 {1/1I42/11+2/111 5
3. Agri. Botany 1/11I 3/11 1
i, Breeding 2/11I 1/I1+3/1I1 1/1+3/11 i
5. Entomology 1/I11 1/II+1/I11 2/11 2
6. Pathology 1/1I1I 1/II+2/111 1/1+2/11 3
7. Physiology - 1/111 1/11 1
8. Boil Science 1/I11 1/II+1/11I 2/11 2
9. Soclo-Economics - 1/111 1/11 1
10. Training - 1/I1I 1/11 1

TOTAL 2/II+6/111|2/1+6/11+13/1I1|L/1+15/11+2/111

Al1 grades 8 21 21 21

Added to this roster would be requisite administrative and
technical support (see Sectinn VI). Moreover, training must be
organized on a continuing basis as described belcw.
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Training

Training is essential to develop effective dedicated and motivated
researchers and working staff. Capable, trained staff are the key to
the success of the program. Training must be continued indefinitely,
although the greatest investment in long term training will be needed
in Phases I and II.

In addition to training and travel grants for researchers,
national training programs for JT's/JTA's, production technicians, and
progressive farmers are scheduled on a sustained besis, so that trained

researchers will have supporting staff and workers at the field level.

It is proposed to provide long term training for § M.Sc.'s (120
pm) in Phase I; and for 5 Ph.D.'s & 9 M.Sc.'s (396 pm) in Phase II.
In addition, short term and in-service training, visitations, inter-
national conferences, and other cxternal events are scheduled at the
rate of 18 pm in Phase I and 50 pm in Phase II. In country group
training for JT's/JTA's, progressive farmers and production techni-
cians would total 30 pm in Phase I and S4 pm in Phase II; and seminars,
workshops, monitoring tours internal events would total 28 pm ir Phase
I and 60 pm in Fhase II.

(Note that Phase I covers 3 years; and Phase II is 10 years.)

Financial

The total cost of the HCIP for Phases I-III (1987/2010) is
Rs. 8.1 crores. The respective cost for Phases I and II {najor
building Phases) is:

Total

Category Rs.'000 Percent
1. Staffing/personnel 17864 38.2
2. Construction 7900 18.9
3. Equipment 3019 €.5
L.  Expendables/supplies 1317 2.8
5. Operation 2495 5.3
6. Training 1181 30.3

Total L6776 100.0
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Phase IIT (10 years) is estimated to cost Rs. 34L.0 lakhs, but
construction and long term training are greatly reduced. Average
costs per year ate: Phase 1 and II = Rs. 35.0 lakhs and Phase III =
Re. 3L.h 1lgkhs.

Program Impact

The total expenditure for Phases I-III of the HCIP is Rs., 8.1
crores. However, the expected payoff is very great oving to the
extensive areas covered by hill crops, the cumulative effect of
increesing numbers of farmers adopting improved technology, and the
rapid advances possible once the research program is fully functional.
A 'conservative' model for the incremental hill crops production
accruing from research and allied efforts for the 16-year period to
2005 suggests that cumulative production would increase by 81 percent,
and that the cumulative increase from technology adoption will total
10.03 lakh tons. If this 'bonus' is valued at Rs. 6000/mt the
resulting benefit to Nepal's hill people and nationel economy would
be Rs. 602 crores. Thus, the total HCIP costs for Phase I-III
(starting from 1987 to 2010 or 23 years) would amount to only 1.3

percent of this increased production.



A CONSULTANCY REPORT
ON

THE INTENSIFIED HILL CROPS IMPROVEMENT PROGRAM IN NEPAL

I. BACKGROUND

The three major food crops grown under favorable conditions in the hill
regions of Nepal are maize, rice and wheat. Fortunately, much improvement
has been echieved on these important commodities both at the national and
international levels. Moreover, well-organized, international networks for
collaborative researcn, varietal testing, and training exist for them,
spongored by multi-donor Tnternational Agricultural Research Centres (IARC's) -
iike CIMMYT in Mexico, "CARDA in Syria and IRRI in the Philippines. In Nepal
the improvement and development of these crops are organized as separate
nationally coordinated commodity programs. There are, however, several other
important hill food crops which have not yet received the attention they
deserve and are the subject of this proposal.

1.1 THE NEGLECTED HILL CROPS

At least four specles of cereals and pseudo- (non-graminaceous)
cereals deserve nttention under the proposed accelerated Hill Crops Develop-
ment Program. These four crops are already sufficiently importent in their
own right, often perform well under stressful conditions, may have special
uses, but are largely neglected both at the nationsl and internationel
levels. Often they are locally importent and may provide the major source
of nutrition in certain areas waere the climate i3 harsh or the soils too

impoverished to successfully grow more fastidious species.

They include the following:

Kodo or finger millet (Eleusine coracana)

. Phapar or buckwheat (Fagopyrum spp.)
. Uua (Jau) or barley (Hordeum Vulgare)
. Latte or Marshe or grain amaranth {Amaranthus spp.)

& w -

These four crops are described in more detail in Appendix I.



These crops are largely grdwn for home consumption on small, sub-
sistence farms. They are sometimes grown as sole crops, but more often they
are sown iu complex associations or relayed with other cereals (especially
maize), oilseeds or pulses. A common virtue ic short duration to allow
growing them between major rotations or in catch/emergency situations when
the major cereals have fuiled. However, there are also good external
markets for some of the crops, especially emaranth grain and finger millet.

1.2 THE AGRICULTURE
1.2.1 The Land

The total area of Nepal is 141,000 km? and about 3.13 million
hectares, or 22 percent of the land area, are cultivated. Of the total
rural population of about 15.3 million (90% of 17 milllion) about 56% live
in the hills/mountains and L4% in the Terai. However, hill lands comprise
only 1.5 million hectares (47.9% of the total), are considerably less
productive, and have very little potential for irrigation comparad with
the Terai. At present only 160,000 ha (10.7%) of hill lands arc irrigated
with possibilities of nearly doubling this area to 300,000 ha L, thke year
2000. By comparison the Terai has 341,000 ha (20.9%) of irrigable land,
but virtually all 1.63 million hectares of this region could be irrigated
by the turn of the century.

Agriculture in Nepal is particularly complex owing to the diver-
sity of environments in the country. Three broad agricultural zones may be
distinguished based on elevation, topography and soil types: (1) the plains
comprising the Teral and Inner Terai (approximately 10C to 300 m.a.s.l.),
(2) mia-hills and valleys (about 500 to 2000 m), and (3) the high hills and
submountainouws region (2000m to 400Cm). However, crop adaptation in the
hills may be better described by classifying climites in 1000m intervals
(eg. 300-1000m; 1000-2000m; 2000-3000m; and 3005-4000M).

Agriculture dominates the Nepalese economy employing more than
90 percent of the 17 million inbabitants {growth rate 1s 2.66%) and
contributes 60 percent of the gross domestic product (4DP). However, per



capita income is very low at only US $140 per annum. Traditional subsistence
level production dominates the sector as small holdings. The average farm
gize is less than 1.25 ha in the hills and 2.]11 ha in the Terai.

l1.2.2 The Climate

Nepal variep in width from north to south by 130 to 240 km between
the latitudes cf 26°20' and 30°30'N, but climate changes drastically over
short distances as a consequence of elevaticn, The torrid and subhumid sub-
tropics of the Tcral plains is transformed to an elpine climate in only a
few hours drive. The average annual precipitation is 1600 mm with 80 per-
cent occurring during the monsoon (June-Cctoter), but ranges from only a
few hundred millimeters to more then 5 meters in some of the centrel wid-
hills. The moisture gradient increases from west to east. Some hilly
areas algo receive significant amounts of winter rainfall. Temperatures
vary closely with elevation. Mean temperatures in the Teral range from a
minimur of about 14°C in Jenuary to a maximum of 36°C in July-August. In
the hills the corresponding figures are 10°C and 25°C; although much lower
temperatures do occur at the 1limits of agricultural production (about
40oOm).

1.2.3 The Soils

The soils of Nepal are derived from young parent materials from
the Himelayan massif, The Terai plain is the northern part of the Indo-
gangetic depression filled by recent alluvial materials with soils ranging
from sardy to silty and underlain by thick gravel in the northern part.

The Terai 18 essentially a flat plain composed of alluvial cilts of moderate
fertility. Most soils are low in organic matter, nitrogen, phosphorus, end
potash with a pH range from 6.0 to 7.5.

Scils of the hills and mountains are also derived from young
parent material and are moderately-fertile sandy to silty loams witi a low
clay context. They are mostly acidic with a pH of 4.5 to 5.5. Many of the
hilleides are cultivated on soil scraped into terraces; most of which are

very old. However, there is increasing cultivation of newly-cleared lends



without terracing. ‘The intensive use of steep hillsides both frem culti-
vation and overgrazing greatly increases erosion end the 811t burden of
etreams. Frequently sections of theae eroded slopes slide away into the
valley below.

1.3 THE FARMERS

varming in the hills is much more difficult and risky compared
with valley bottoms and the Teral plains. Land holdings are small (62.3%
of households have less than 0.4 ha, and 27.7% have only 0.4-1.0 ha),
fragmented, und often fragile. In addition the soils may be degraded, low
in fertility snd acidic (pH 4.5 ~ 5.5). Moving about, up and down slopes,
requires much energy, and much of the work must be done by hand. Unterraced
hill slopes are impractical to irrigate, even if water is available, so that
crop production in the hills is highly seasonal resulting in masslve under-
employment during the dry season.

H111 aress are almost always remote with pooriy developed
commmications networks. Often this means that supplies have to te carried
in by packing - either by men or animal. In the same way the produce must
be packed out. Even comparatively short hauls of only 5 or 6 miles can
casily increase costs by 10 percent or more. As a consequence most hill
sgriculture does not have access to needed inputs such as chemical ferti-
lizers, plant protectants, implements and fabricated materials.

The agriculture of the hillp is cld end farmers have developed
patterns and systems which are difficult to improve upon. Moreovar, their
crop varieties are mainly local in origin and lacking in productive poten-
tiel, though vell adapted to prevailing conditions and usage. Since condi-
tions vary so widely depending on topography, clevatlon, rainfall, soil
type, and slope orientation rapid crop improvement will be challenging.
Moreover extension services are not so well developed in the hills as in

the more accessible valleys and plains.

Much effort is required to grow sufficient food for year-around

aubsistence with few resources left to purchase farm inputs, provisions and



other necessities, nor to obligate funds for most social events - eg.
marriage, births, funerals, As a consequence hill people are often in
heavy debt to money lenders and cannot afford to buy inputs or provisions
when prices are down nor wait to sell their produce when demand is high.



II, IMPORTANCE, UTILIZATION AND MARKETIRG

The importance of neglected hill crops is difficult to ascertain
directly as a consequence of the lack of accurate production estimates.
However, e comparative estimate of food crop production based on the best
availeble information will be attempted. In general the four hill crops
are locally important often contributing the major source of human nutrition

in certain restricted locales and seasons of the year.

2.1 PRODUCTION OF HILL CROPS

2.1.1 Finger Millet

The production of mlllet increased by 22 percent during the
period 1970/T1 to 1960/81; and appears to have increased a further 10 per-
cent from 1980/681 to 1984/85 according to the HMG Agricultural Statistics
Division (ASD). More recent information indicates that millet production
(fncluding buckwhest) in 1984/685 was 142,000 mt from 134,000 ha. Similer
preduction levels organised by districte and agro-ecological zones for
1978/79 are shovm in Appendix II.

An analysis of district production by region and agro-ecological
zoan® 18 presented in Table II-1. This shows that the Western Region is the
lergest producer with 33.8 and 34.8 percent of total area and production,
reaspectively. The other chree regions were about equal in production at 20
to 2k percent of area and 2) to 23 percent of the tonnage. In respect to
agro-ecological zones the major producing region is the mid-hills with T1.0
and 72.6 percent of area and production, respectively. Production in the
wmid-to higher hills is 13.4 and 14.2 percent of area and production,
respectively; while the Terai and Inner Terai produce only 13.2 percent of
millet grain productior, a level that appears to be declining in recent
years in favor of other crops. Moreover, ylelds in the plains are the
lowest (1065 kg/ha) compared with the national average (1105 kg/ha).

There are indications that millet production may be undercstimated
by official statistica. Aerial surveys conducted by the Land Resources



Table II-]

Distrivution of Millet Production by Region and Agro-E

cological Zone in Nepal 1978/79

MID-TO HIGH HILI§ MID-BILLS TERAI/INNER TERAI TOTAL PRODUCTIOR
N e e e T e Tion ton | AREA (he) TR e ey r | ) s
EASTERN 4710 6260 19200 19460 5980 5050 29890 2k.2| 30770 23.0
CENTRAL 4310 L200 15806 17390 7160 6650 27270 22,0} 28240 21.1
WESTERN 1100 1250 38160 L3250 2k70 19580 k1730 33.8| L64BD 34.8
FAR WESTERH 6390 7230 1%620 16970 3740 3920 24750 20.0| 28120 =21.1
TOTAL 16510 18940 87780 S7070 19350 17600 1236Lo0 100 133610 100
PERCENT 13.4 1k.2 71.0 72.6 15.6 13.2 - - - -
’E’ﬁ;’/‘hﬁms 1106 1065 1105




Mapping Project (LRMP) in 1985 project much higher production levels of
235,000 ha and 252,200 metric tans ~ about Jdouble the Agricultural Statis-
tics Division figures for that year. A comparison of tne two estimates for
the area of millet and other food crops in Nepal follows:

Agri. Stat. Div LRMP
" ——r LRMP/ASD Percent
Cro 'Azea. Yizld_—h Qrea. Yieid:1 ARFA YIELD
Paddy 1377 1968 b1 1536 102.9 78.0
Maize 579 1u17, 668 1108 118.8 78.2
Wheat k52 1181 50k 961 111.5 81.k
Millet 134 926 235 1074 175.h 116.0

Barley* 28 858 ™ 775 264.3 90.3

* Includes naked barley.

It 48 curious that LRMP ertimates based on a combination of aerial
bhotography and surface sampling are within 'reasonable’ agreement with ASD
statistics for paddy, weize and wheat; but diverge so drastically for millet
and barley. However, a second check based on the known association of maize
end millet in the hills is possible. Estimates of this association range
between about ho'and 75 percent. If the maize area in Nepal is reasonably
eccurate (it should no* be less than 579,000 ha) and 72.5 percent of maize
is grown in the hills the ares would be 420,000 ha. If, conservatively, 50
percent of the hill maize 1s associated or relayed with millet, the area of
millet would be 210,000 ha not counting production in the Terai and possibly
some sole-cropped millet in the hills. Using a mean yield of 1110 kg/ha for
the hllls and mounteins, production would be 233,100 metric tons, which
added to production for the Terai/Inner Terai would total 250,700 metric‘
tons on 229,4L0 ha, or very close to the LRMP estimate!

2.1.2 Barley

Production <f barley ror all thuee agro-ecological zones in Repal
declined by 8.5 percent during the period 1971/72 and 1981/82 to 23,300 mt
on 27,020 ha according to the official ASD statistics. The figures for
198L/85 are little changed at 24,000 mt on 28,000 he; but LRMP estimates
for 1985 are considerably higher at 57,500 mt on 74,000 ha. Of these



amounts 35.5 percent of the area and 35.5 percent of the tonnage classify
as high elevation barley while 40 percent of the area and production is in
the hills. Production in the different agro-ecological zones ir calculated

a8 follows:

Area, Production, Area (ha) Production (mt)
Zone i > o A3D LRMP ASD LRMP
Mountain 35.5 36.5 9948 26292 87170 21011
Hills Lova 39.9 11222 29659 9580 22954
Terai/Inner Terai 2k 23,6 6030 180h9 5650 13535
TOTAL 100.0 100.0 28000 Th000 2Lo0o0 57500
Mean yield (kg/ha) - - 858 T75

* Calculated from 1961/82 ASD data.

Since there does not appear to be any satiasfactory besis for
reconclling the discrepancy between the two estimates, the lower or ASD
figures will be used for calculation of actual food values. However, the
range of totel production estimates wili be referred to for some discussion

purposes.

2.1.3 Buckwheat

In the case of buckwheat the only production estimates availsble
are from the LRMP survcy. Production in 1985 is estimated at 23,100 mt
from 43,000 ha for a mean yield of 540 kg/he. Virtually all of the produc-

tion is presumed to occur in the hills and mounteins.

2.1.h Amaranth

There are no references to amaranth production in Nepal. The
only information availuble is on its importance in the western hills. If,
for the sake of discussion, the production of amaresnth is presumed to be
one-third that of millet for the Far Western Rngion only, then total pro-
duction may be as much as 8250 ha and 7,000 mt at an everage yield of 850
kg/ha.



2.1.5 All hill crops

Totel production of the five hill ceresls and two pseudo-czreals
in 1984/85 1g calculated in Teble II-2. All hill crop production is
estimated at 1,606,400 mt of which 1,050,500 mt is edible. Of the latter
194,300 18 produced by HCIP mandated crops not counting the 44,600 mt (or
33,100 mt edible) contributed by millet and barley in the Teral and for
which the HCIP will assume responsibility for improvement.

The fundamentel ccneideration is translating this production
into human nutrition. The internationel banks use a target of 180 kg/caput.
However, this factor may not be realistic as it does not allow for subs-
tuntial nutritionsl differences between cereel grains, and it is not clear
what is included in the estimate. Perhaps a better and more accurate
determination of the nutritional impact can be gauged following the stops
described below:

(1)  Energy needs in Nepal are estimated at 2100 calories per
person/day (2070 in 1981). FAO recommends 2600 calories
per day.

(2)  Major cercals are assumed to contribute 76 percent (1600
calories) of daily requirement or 584,000 calories per
year (365 days).

(3) Energy values for the edible portion of each food crop
are computed separately in Tuble II-3 and are derived from
Appendix III. '

(¥)  Desirable protein levels should be raised trom L7 g/day to
65 g/day = 23.7 kg/person/year,

2,2 IMPLICATIONS FOR CONSUMERS

Given these essumptions current production levels of hill food
crops provide the primary cnergy source for 6.206 million pecple plus 11.5
to 23.3 kg of protein per caput (48 to 98 percent of requirement). Since
the rurel hill population of Wepal is currently estimeted at 7.65 million
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Téble I1-2 Calculated Production of seven important food crops in the
Nepalese Hills During 198L/1985
Totel Hill | Percent | Percent Net

Crop Production | Production in'Hillu Edible* Available

('000mt) | ('000mt) (*o0umt )
National Programs:
- Paddy 2709 549.9 20.3 L9.5 2712.2
- Maize 820 59k .5 72.5 Th. b ry2.3
~ Wheat 534 201.3 37.7 70.4 1.7
Sw-Total | w63 | ams.aT | - | - | 8s6.2
HCIP Crops:
- Millet 251 212.3 8.6 Th.2 157.5
- Barley 2k 18.4 76.7 73.7 13.6
- Buckvwheat 23 23.0 J00.0 15.0 17.2
- Amaranth T 7.0 100.0 86.0 6.0
______________ A e e e e
Sl | E RN s
TOTAL (Al11): 4368 1605.4 - - | 1050.5

* Portion remaining after reserving seeds, milling and losses.
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Table II-3 : Human food energy and proteins supplied by hill crops in

1985 expressed as persons per year (1600 celories/day) and

proportion of annual protein requirement supplied (derived

from Table II-2)

PERSON/YEAR | PROTEIN/PERSON
PRODUCTIOR EQUIVALENT SUPPLIED

CROP :
(1000 mt edtble) (584,000 cal.) | (kg/yr) (PERCENT)

National Commodity

Programs:

-~  Maize k2.3 2,688,639 15.3 65

- Paddy 2712.2 1,608,031 11.5 L8

-~  Wheat k1.7 807,981, 23.3 98
SUB-TOTAL 856.2 5,10k,651 - -

HCIP Crops:

-  Millet 157.5 884,589 13.0 55
- Barley 13.6 78,246 20.0 8y
-  Buckwheat 17.2 98,664 20.h4 86
~  Amaranth 6.0 40,171 22.8 26

SUB-TOTAL 194.3 1,101,670 - -

TOTAL (A1l Crops): 1050.5 6,206,321 - -
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the prime encrgy needs of 1.hL million people (equivalent to 236,890 mt of
maize) must be obtained Trom eisevhere, most probably the Terai. This
deficit will rapidly inc.ease so that by the year 2000 an estimated 10.1h
million people wili ‘e living in the hills and requiring 1.66 million tons
of cereal grains (maize equivalent) annually to satisfy current consump-
tion levels. To achieve self-sufficiency production would have to increase
by at least 58 percent over 1985 levels.

Regarding protein nutrition most cereals, with the possible
exception of amaranth, are deficient in certain emino acids, especially
lysine and tryptophan. Therefore, nutritionists recommend that up to '
18-20g of protein per duy (28-31% of requiremont) be obtained from other
gources (eg. 11.25g of animal origin plus 6.5-8.5g CP from pulses).

The imrortence of the neglected hill crops, specifically the
four HCIP mandated spcciles, i3 evident. The HCIP crops contribute 194,300
mt of edible product or 18.5 rercent of the total, providing hagiq
sustenance for 1,101,670 pcople. Although total food grain production in
the hills falls short of self suffielency for this egro-ccology by about
237,000 metric tons, the improvement of neglected hill crops may offer the
best and easiest solution to at least partially fiil this gsp and towvard
meeting the larger 600,070 mt short rall by the twrn of the century.

Among; the four HCIP couroditics finger millet is ty far the most
important. Besides being the highest yiclder .t is also grown on the
largest area, is most widely distiributed among the hill regions and has
the highest production (est. 251,000 mt in 1985). From these calculations
it comprises about 15 percent of all grain crops (edivle portion) grown in
the hills; ard more tren 80 percent of the four HCIP crops combined.

2.3 UTILIZATION

Hill crops are important for food, animal feed and inclusion in
a wide variety of cropping p.tterns end systems. They are particularly
valued for filling specific niches or needs and because they often succeed
in stressful situations where other more 'ellte' crops would fajl. The



- 14 -

relative importance of these hill crops in different agro-ecological zones
is shown in Table II-L and their distribution in Nepal is illustrated on
the maps in Appendix IV.

2.3.1 For Human Food

Several food preparations are made from cracked, ground, parched
and popped grains of hill crops. Most common are various forms of
porridge~type dishes, flat or unleavened breads, and sweet cakes irixed
with ghee and sugar or honey. A favorite preparation of amaranth is
popped grains mixed with honey to form a sweet snack. Finger millet is
popular both as & solid food and fermented as beer. A3 much as a fourth
or more of the millet harvest is fermented. Millet is particularly
appreciated because it cen be stored almost indefinitely without deterio-
rating; and because it digests slowly (apparently due to its fiber content)
end thereby sustains hard work throughout the day on a single meal in the

morning.

2.3.2 Animal Feed

The harvest residues (straw) of hill crops are extensively used
for animal feeds. Green millet may also be used for hay; and the spent

brever's grains are en important animal concentrate.

2.3.3 Cropping Systems

Hill crops are frequently included in complex cropping patterns
as illustrated in Appendix V. Millet is particularly versatile as a
summer rotation crop in both the plains and the hills. While it is some-
times sole cropped, the more common pattern is in association or relay
olanting with maize in the hills. Other associations are millet with
soybeans or millet followed by potato and wheat in the upper hills.

High elevation barley, g-own above about 2500m, is mainly
rotated with potato and tatar buckwheat. Commor or sweet buckwheat in
the mid hills usually follows maize and may be associated or relayed with
mustard, pulses and/or millet. Amaranth is most commonly grown in patterns



Table II-k

Relative Importance of Four 2ill Crops in Different Agro-Ecoleogical Production Zones

WESTERN CENTRAL EASTERN
Crop : . [ . .
N ¢ High  Mid m i High “id o s m..o. ¢ digh  Mid .
; Ytn. Hills Siwvalik Terai | Mtn. Hills Siwalik xcrali Mtn. Hills Siwalik Terai
Millet ? b L2 24 L 3 ] * & [ 22X *F L] *a # &% * L
| }
i
FT (tata.r) | wuR 3 ) N H * 3% &% b bt L33 L2 ] N n
Buckwheat ---—————{——-——- ------- e —
e (CC.'Z‘.!.'.O!I) E %% #¥ 3 L 3 N 1 4 ANE % L ] (2 X %* N
High Flevation ' el folel ¥ N wan bkl N I bl **» N N
Barley —-- —_— } 1 -
Hills and Pleins | N L *a » N *nn 1 2] # N nnn * »
| ]
[ i
Amaranth PeER e N N . N o N N N
! :
##%  _  Very important.
#*  _  Important.
had - Less important, scattered.
R - Not important, rare.

ST
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associated or relayed with maize and millet, especially in the Far Western
Region.

2.4 MARKETING

Virtuaslly all the millet produced in Hepal is consumed within
the country, and often by the producer or in the home village. However,
there is some movement of millet, mainly within the village or between

nearby towns es malting and brewing are somewhat specialized operations.

In the case of barley and buckwheat most of the produce is
consumed by the growver or traded/bartered within the village and nearby
communities. However, a considerable portion of the amaranth harvest is
s0ld to India where it has become a highly relished delicacy. Amsranth
is the only hill crop with established export potential.
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ITT. CONSTRAINTS AND STATUS OF IMPROVEMENT

The hill crops suffer from a number of constreints both direct and
indirect. Unfortunately, production problems have not been studied excep:
to a very limited extent in millet. Therefore, there is a considerable
dearth of information on the principal deterrents to increased production

and ue of these crops.

3.1 CONSTRAINTS

3.1.1 Indirect Constraints

Hill crops improvement has been generally neglected from the
begirning. Only a minor effort on millet has been underway in the Agronomy
Divieion at Khumalter and st the Agricultural Station at Rampur as an
adjunct to the maize program. Only two half-time agronomists have been
assigned to work on millet with virtually no continuing activities on the
other three crops. Mo other disciplines weve involved, operational funds
have been minimal, und facilities are virtually non-existent.

As & consequence of the lack of improvement there is very little
technology to extend. While limited testing of millets has been carried
out, there have been no demonstrations, and limited minikit triels {only
with millet); nor is there any base of information on improved practices
like the use of superior varieties, optimal cropping patterns, effective
weed control, timely planting, chemical fertilizers and plant protectants.

Hill crops are lergely planted with minimal inputs except the
farmer's labor, and therefore are not 'eligible' for credit. Moreover,
they are often grown under stressful conditions and on marginel lands
where other crops would not succeed. Since they are relegated to sub-
optimal conditlons they also receive less attention for improvement,
Despite these handicaps, production may bhe surprisingly high to wit, the
national average yields of millet. Tnerefore, it may he assumed that
ylelds end overall production could be increased rapidly with relatively modest
improvement efforts and use of minimal inputs.



3.1.2 Direct Constraints

These include environmental and biotic Aeterrents to production.
Climate imposes 1limits in terms of moisture-both the lack and excess of it.
Elevation and temperatures are 1likewise restrictive, but these factors are
reagsonably well understood. Only tatar buckwheat and high elevation barley
are ¥ell adopted above about 2500 to 2600m; millet and common buciwheat
perform best under moderate conditions; and amaranth fsres better in the

drier regions of the weatern hills.

The soils of the hills and upland regions can be limiting as they
are largely derived from young parent materials and mainly classified as
inceptisols or alfisels. These soils are mostly highly weathered and low
in exchangesble cations. Soils on steep slopes are more fragile than on
the plains or in the valleys and require much greater care in use and

management,

Except for some minimal experience with millet 1ittle is known
about the biotic constraints of the hill crops. The most serious disease
problem of millet is likely to be blast disesse (Eyzicularia sp.) which is
very similar (even identical) to the organism nttecking rice. In some
arees leaf blight (Helminthosporium sp.) and wilt or foot rot (§glerotium
rolfsii Sacs.) may also be important. Little information is available on
diseases of the other crops, althrugh powdery mildew may oceur on barley
and buckwheat. Among inseet pests of millet, stem bor:r (Sesamia sp.) can
cause significeant damage under certain conditions. The occurrence and

importance of these and other diseases and pests must be studied as a high
priority activity when the HCIP becomes established. A more detailed
description of the biotic constreints of hill crops is presented in
Appendix VI.

The constraints described above may be summarized in terms of

prioriiy needs for future research:
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1, Development of adapted, stable, high yielding varieties
combining desireble agronomic attributes, pest resistance,
stress tolerance, and appropriate to the needs and uses of
hill agriculture.

2. Determination of optional cropping patterns, cultural
proctices, pest managemert, and seed processing for each

crop and its major agro-ccologlcal zones.

3. Training reseasrchers, extensionists, seed producers, and
production specinliats to accelerate improvement, expedite
technology transfer, and generslly develop the hill crops
industry.

These urgent needs can only be met when a multidisciplinery team
is formed to include both biologiesl scientiats and socio-economists
working in close integration with farmers, extensionists, and their

colleagues in other divisions, programs and stations.

3.2 CURRENT STATUS OF HILL CROP IMPROVEMENT

3.2.1 Investigations Underway in Kepal

The only significant activities underway on hill crops in Nepal
are minimally supported studies on millet at Khumaltar and Rampur {Chitwan
Valley). In 1985 these included seven district trials or experiments
carried out at seven locations ranging from 228 to 2000 m elevations.
Advanced trials consisted of 10-12 cultivars plented as & sole crop or in
releys with mnize (depending on local custom). Cther experiments tested
plant populations, genotype interactions with associated maize, and new
germplasm (150 lines).

As a consequence of this and previous work on millet 71k exotic
genetic stocks were obtained from India and 110 local landraces were
collected from Nepal. From evaluation and testing of these materials two
improved varieties werc named and released in 1980: Dalle-1 (IE 780 from
India) for the Inner Terai and mid-hills, and Okhale-1 for the mid-hills
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and higher elevations. In addition some promising new materials have been
identified like NE 1703~34 for monoculture in better environments; Rampur
Local for the Chitwan Valley; and NE 3801-2 was found promising at
Khumaltar, Kavre and Lumiz. It is presumed these investigations will be
continuad and expanded in the future.

lome preliminary eveluations on buckwheat were carried out at
Khumaltar in 1979. These included eight varietiec all of which exceeded
the local check (933 kg/ha) in yleld. The two highest ylelders were
Khunjung Tite (1275 kg/ha) and Tokyo (1195 kg/ha). At Kekani (2030m) the
local check (888 kg/he) war best, tut Tokyo (850 kg/ha) was a close second.
In 2 preliminary trin) at Khumaltar some new entries showed potential among
38 entriecu tested. Anethra Palpe and Tite (Carihara) ylelded 1130 and 1110
kg/ha respectively; compared with only 633 kg/ha for the local check. Over-
all, 17 out of 38 entries surpassed the perlormance of the locel. This
cuggests there is excellent scope for improving buckwhent yields in Nepal.

Scme collecting and introduction of am~ranth germplasa were done
on a minimal scale, but there is currently no uctivity on this crop., In
the case of high elevation (mainly naxed) barley tihere i3 no record of any
previous work. However, the wheat program (CIMMYT collsboration) has
introduced ond is evaluating sbout a 100 naked barley lines. Details on
the on-going research on hill crops are presented in Appendix VIII,

Although farming systems research has largely ignored the
secondary hill crops some limited soclo-economic studies have been carried
out mainly in Kavre ond Kaski districts. These results indicate that
millet is traditionally grown as a low purchased input commodity, but it is
vital to survival during unfavorable or crisis conditions. Howvever, as
conditions improve-eg. irrigation becomes available - farmers will shift
from millet to rice. Under rainfed conditions in the hills the 'natural’
cropping pattern is maize with relay millet. Thus, millet is a kind of
bonus requiring very little additional input, despite the additional labor
for transplauting, weeding and threshing.



3.2.2 Research Qutside Nepal

There are no international centers mendated for finger millet,
buckwheat or amaranth. However, ICARDA in Syria now has a mandate for
conducting barley research in the CGIAR system with a barley breeder
stationed at CIMMYT whose major emphasis is producing barleyr germplasm for
high elevation areas. The Rodale Research Center ot Kutztown, Pennsylvania
{(UsA) 13 concentrating on amaranth breeding and quality studiés and
distributes some advanced genetic stocks. As n cohsequence of recent
interest in this crop at least 26 countries have carried out exploratory
studies or have an cngoing interest in amaranth. Some countries,
especially India, Nigeria, and USA, have several dispersed projects on
this crop.

The International Cenire for Maize and Wheat (CIMMYT) in Mexico
has n long history of barley improvement. More recently the ICARDA ip
Syria han assumed the global mandate for barley, but alsc has staff placed
at CIMMYT for this commodity. However, several western countries including
those in the Middle East, Northern Europe, the USA, Canada (Winnipeg), the
Andesn countries of South America, Kenya and Ethiopis, India, USSR, China,
Korea, Japan and Australins have significant research ectivities on barley.
Perhape the most relevant information and genetic materisls for Nepal would
be available from the Coordinated Barley Improvement Program at Karnal,
India; and ICARDA/CIMMYT.

There are probaebly no mejor programs on buckwheat improvement,
although significant activities on this crop are underway in Cenadu
(Manitobe) USA (Pennsylvania), Japan (especlially Hokkaido and Nagano),
China, and in India. iHowever, all of these studies are presumed focussed
on cormon buckwheat and not on the tatar or bitter types. There is a good
market for buckwheat in Japan to make noodles for which it is necessary to

import grain, especially from Canada.
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IV. THE NEED

There is an urgent need to improve the lot of the Nepalese hill farmer,
the poorest rural community in this cowntry and perhaps in most of southern
Asia. A coordinated, integrated and multidisciplinary Hill Crops Improve-
ment Program (HCIP) represents the most critical first step in asddressing
this need. This program will assume responsibility for improving finger
millet, barley, buckwheat and amaranth in close collaboration with the
Farming Systems Research Program. The effort will be challenging because
of the relatively difficult conditions under which these crops are grown,
lack of informaticn on them, and dearth of both international or other
external backup support. There are no international centres responsible
for finger millet, buckwheat nor amaranth; and only limited interest in
high elevation/naked barley at ICARDA and CIMMYT.

Initial program development is likely to be slow as there 1is
limited background information on hill crops, staff will need to be trained
at experimental sites established in the hills, germplasm must be assembled
and collected, and experience gained on these new crops. Therefore, a
longer lead time will be required for the HCIP than other coordinated

commodity programs.

L,y MAIN FEATURES OF THE HCIP

The Hill Crops Improvement Program can be one of the most
effective commodity improvement activities in Nepal. However, it will be
essential to carefully plan the program's structure, organization and
strategies. As a basis for implementation the following program features

are recommended:

1. Stertup should begin as soon as possible, but not later
than mid-1987, with coordinated support from HMG/N, USAID,
IDRC and others.

2. An extended lead time will be required for reasons described
above, The development Phases I, II and III should therefore



- 23 -

be projected for a 23 year period and through the Eleventh
5-Year Plan or to the year 2010.

Initial efforts and resources should concentrate on finger
millet as the most importunt and promising of the four
crops. Investigations and improvement of barley, buckvheat,
and amaranth will be taken up as second priorities as the

program develops.

The IBPGR should be approached to participate and assist
with collecting land races of the important hill food crops.
Other sources of assistance may be the West German GTZ and
the Japanese JICA. First priority should begin with
collecting millet.

Training, especielly long term for higher degrees, should
be so planned and ordered as to best serve'the needs of the
program, rather than become a 'rewsrd for joining'.
Preference should be given to staff already in the program
who have demonstrated capacity to advence and long term

commitment.

The diverse nature of hill crops and their growing environ-
ments diciates the need for some decentralization and
multiple research and testing sites. However, the best of
these based on facilities and accessibility will be named
as the main-coordinating centre. This will necessitate
frequent, convenient travel to and from stations and
testing sites. (See Item 16.)

The complexities of hill crop problems and their improvement
will require a multidisciplinary team approach. It will
necessitate constant assessment of priorities, and relegate
the atudy of non-relevant, esoterie phenomenon to the
distant future.
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In the absence of strong national and international (IARC)
backup support, the HCIP could effectively use the services
of short term consultants to help organize research acti-
vities and monitor future developments. Knowledgeable and
experienced scientists may be coopted from India, USA,

Canada, and Japan for this purpose.

Varietal improvement teginning with germplasm collection end
evaluation will become the main thrust of the program as the
most rapid, practical and effective means of increasing end

stabilizing productivities of hill crops both under present

conditiors and in the foreseeable future.

Hill crops are normally grown in complex farming systems
and must be so improved as to serve the best interests of
the hill farmer. Therefore, the HCIP must be closely inte-
grated with the Farming Systems Research for the hill
regions. Thus, FSRP studies would represent the final
stage of technology evaluation.

The HCIP must simulate real farmer's conditions. Therefore,
a considerable proportion of testing and evaluation, parti-
cularly in the advanced stages of development, should be
carried out on farmer's fields, under typical growing
conditions and by soliciting experienced farmers in
evaluating the technology.

Frogram flexibility should allow for the possibility of new
crecps finding niches in the hills or even replacing existing
species (eg. cold tolerant, short-duration wheats or
triticales replacing barley). The HCIP should encourage
and/or per4icipate in testing and evaluating these 'new’

crops a2s time and resources permit.

The inclusion of barley as one of the neglected hill crops
is an snomalous situation in terms of program affiliation
since barley is almost always dealt with by major small
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grains progrems {eg. wheat, durum, barley and triticales).
However, HCIP will develop testing sites and will be more
directly concerned with crorping systems at high elevations
{eg. above about 2500 m). Therefore, the HCIP should assume
responsibility for all barley in Nepal from the Terei to the
submountainous regions since it is much more efficient for
one commodity program to address the various aspects of
plant improvement of the same species grown under a range of

ecological conditions and uses.

The HCIP should, in addition to varietal improvement, geek
ways to grow hil), crops more efficiently, with less inputs
and lebor, and in systems designed to conserve or even up-
grade the resource bagse. Th2ase studies to be undertaken
jointly with the FSRP may consider innovations like minimum
tillage and advenced weed management approaches; end alley
cropping or 'live mulching' with perennial legumes including
nitrogen rixing trees (NFT's), bushes, shrubs wnd herbs
adapted to the hills,

The HCIP structure will provide for a Hill Crops Technical
Panel drawn from HMG divisions and departments or other
agencies as relevant to the aims and goals of its program.
The function of the HCIP will be advisory to help review
and monitor progress, aid in coordinating activities with
other departments, and offer advice on the future approaches
and activities.

The most daunting chzllenge for the HCIP is the vast range
of agro-ecological conditions under which hill crops are
grown -- from elevations of about 100 m up to 4000 m;
rainfall from 400 mm to 5000 mm; and extremely variable
soil conditions, topography, and uses. Therefore, to be
effective the program must work at several sites represen-
tative o[ the mejor hill growing region. It will be
necessary to outpost 1-3 gazetted officers (usually an
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agronomist and/or breeder and, perhaps a plant protectionist)
at each of the four centers, and for the Coordinator and
other senior officers to travel frequently to the various

centers, subcenters and testing sites (2-3 times a geason ).

The execttion and success of the HCIP are the immediate respon-
8ibility of the program researchers and their technical staff . However,
this, like other operatioral programs, can only function effectively if
central administration and the donors support the program enthusiastically
and ensure that administretive needs are dealt with promptly. This means
that recruitment must be pursued vigorously, funds released on tiue,
contracts executed promptly, bills settled when due, and staff paid their
gularies/entitlements regularly and up-to-date. Since all the HCIP staff
will be outposted, snd mainly to remote nill statiors, their special prob-
lems and personal difficulties should receive sympathetic consideration
including special compensation for hardship conditions whenever applicable.

4.2 INSTTIUTIONAL DEVELOPMENT

The process of establishing a nationally coordinated Hill Crops
Improvement Program will involve defining the program's goals and
objectives, developing an orgenizational structure, setting priorities,
defining strategies, outlining the sequence of activities and executing
the work plen as expeditiously as posnible. By relating goals and
objectives to institutionel and production constraints it 1is possible to
structure an effective, functioning program and to outline tha strategies
by which = series of targets may be reached. However, the primary key to
successfu). implementation will be capable leadership; particularly in the
coordinator's post. It will be necessary to build the HCIP virtually from
the ground up. Staff will need to be recruited and trained, multidiscipli-
nary activities organized, end day-to-day operations directed in such a
vay as to achieve the program's gosls as efficiently as possible. It will
also be necessary to establish close linkages with several HMG agencies,
two or more donors, representatives of ICARDA/CIMMYT, ané hill crops
scientists from several other countries.



- 27 -

.21 Institutional Pramework and Linkages

The coordinated Hill Crops Improvement Program is one of eleven
naticnal commodity improvemeht and development programs. It is responsible
to the Ministry of Agc.culture through the National Agricultural Reseerch
and Services Center ...deds tue Department of Agricultire. This relationship
as proposed by Pradhanang (1984) is shown in Figure IV-1.

The new HCIP will function independently, but will promote close
linkages with the seven disciplinary division headquartered at Khumalter:
Agronory, Plant Pathology, Entomology, Agriculture Botany, Soil Sciences,
Agricultural Enjgineering, and Agriculturel Extensicn, See Figure IV-2.

4.2.2 Primary Research and Testing Sites

The rirst step will be to select a few main centers representing
diverse hill ecolcgles where much of the work can be carried out on HCIP
crops-especially millet. One of these centers can serve as the seat for
coordination. Severel other sites or subcenters will be needed to allow
studying and testing each of the crops over a renge of environments under
which the four hill crops are grown in Hepal. In addition, the Farming
Bystems Research Program has a series of sites selected to represent
actual farmer's growing conditions. Those appropriate to hill crops would
be included in the HCIP network. A deacription of the proposed HCIP
centers and testing sites 1is given in Table IV-1, and the locations are
shovn on Figure IV-3. More detailed information on some of the centers is
included in Appendix VII.

The preferred site for the HCIP coordinating centre would de the
Lumle Agricultural Centre near Pokhara. It is ideally located in & mid-
hills environment; is the center of the most intensive millet cultivation
in Nepal; and is strategically located relative to a broadway of ecological
conditions in terms of elm-vaticn, rainfall, topography and soils. More-
over, it is readily accessible to both the air and the national highway
netvork serving Pokhara, and particularly when a new all-weather road is
constructed from Pokhara to Lumle and beyond. The station has excellent
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Figure IV-1 Suggested Crop Research Organization Chart
(Pradhanang, 1984 )
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Rill Crops Program Institutional Framework and Fumcticns
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LEGEND:

LOCATION OF PROPOSED RESEARCH CENTRES AND TESTING

SITES FOR THE INTENSIFIED HILL CROP IMPROVEMENT PROGKAM

Figure IV-2 :

RELIEF

®-Main Centre
A-Sub-Centre

e .Testing Sites '\ s Tarahara

~A

Contour in Metres

—~ X ..
" ~ v

e \ -
© Jumla-A - ) -~ . - - . . . N
- - - g . Sl TN s /‘ .2- ) o = 23 aematean
- . _e T — y TITiririm, e —
- - -7 - -, i B - X :'\
e T L e
= - T o s Ma :).l'l&}‘__ N t T~
=L ~ I Sml e N L. o—N
Io-lN S~ - et = el e~ T ,
- : coTe e R
-l _ - Lumle & - T TL ey —
—_ Lo St A L~ o .
—— e T S e i Al NN
. ~ S ST e R cC -
~ A Y - ..t . _ e Khairemitar ~ . . = A e -~
: . . - e ! e -
- T -y - RokagiZees T T Vet —
- R T e e L. T Kakaei e TS e~ LT,
N T T el e T e = e T 7 '® Khumaltar - - - R R
R TSN T I IE LD S et - e A S~ ST

0t



Table IV-1 : Research Centers and Testing Sites Proposed for the Hill Crop Improvement Prciram

' TEMPERATURES (°C) 2/ CROP PRIORTTIESY

SITE Regiont/ | Eleve- | Reinfall i—g 0o Winter | [T
tion(m) | (mm) ax. Min. | tex. Mim Area(ba) |y B B/PH BWsC s/ aM

CENTERS:
- LUMLE W 1670 5100 23.1 16.6112.9 s.1| 35(17) | wnw »x #hw e fad
~ JUMLA MW 2387 970 23.9 213.8]|1k.0 -L.7 2 LA L S tER  aos Exe
- MARPHA @ W 2610 k50 20.7 12.L{10.9 -1.7 LAl LU L0 S
-KaVRE | 1700 | 1900 |26.0 12.0|18.0 L.o (13) | o we e *
- RAMPUR | c 228 2020 33.1 23.9)22.8 7.61!100 L it *

!
SUBCENTERS: |
- DOTI i FW 620 1300 26.9 21.5|16.0 8.6 8( 3) | #= bk bk ®
- SURKHET | W L50 1500 | 30.1 22.3{19.3 S5.h| 35 > * *
- KAKANI l C i 2030 2Loo 22.9 1k.3:14.4  2.31 10 LA e ok » »
- KHUMALTAR ! C 1360 1300 26.4 18.8117.12 1.3 * bl * *
-~ PAKHRIBAS | E 1760 2250 |23.9 16.9115.1 5.2 LI * e »
- TARAHARA | E i 200 1700 | : | * *

A — i —_—1 : 1 1
;/ MW = Mid VWestern; FW = Far Western; W = Western; C = Central; E = Eastern.

18y
~

Total area in hectares; (cultivated area in hs.).

Iw
~

Crop pricrities: MIL = finger millet; B/HE = barley--high elevation; B/PE = barley-plains/hills;
BW/C = common buckwheat; BW/T = tatar (bitter) buckvheat; AM = ameranth.

##% = very important research site;

okl important for testing, sgronomy, plant protectiocn;

* nalnly testing, preliminary evaluation.

wonon

13
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Yacilities, good land, and will soon connect into a regional electric
pover grid. However, arrangements with the ODA operated center and
provision of facilities may take some time. Although one of the other
centers could serve as the Coordinator's office, the best choices are
considered to be Khumaltar, Khairenitar or Rampur on account of communi-
cations and travel requirements, if arrangements with LAC cannot be worked
out within a reasonable period of time,

4.2.3 Collaboration with the FSP

The HCIP will collaborate closely with the Farming Systens
Program, both to »elp develop new imnovations and as a final evaluution of
advanced materials ond technologies. The principal ferming systems sites
overlap but complement the gsub-center network, Those sites moat relevant
to the hill crops include:

Regicn Elevation, m Rainfall, mm

. Chauri Jahari, Rukum: MW 700 1100
2. Pumdi Bhumdi, Pokhara: W 1000 Lo00
3. Khumaltar, Kathmandu: c 1360 1200
k. Khandbari, Sankhuwasabha: E T30 1200

4,2,4 Linkages with Farmers

Advanced technologies must be tested on farmer's fields and
under conditions the farmer himself uses. Only in this way can HCIP
researchers identify important constraints and access feedback on the
technology. The numbers and sites of farmer's trials will vary depending
on program development and other factors. Seeds and minikits would be
distributed separately to extensionists, production specialists and
farmers; but in all cases the program should seek feedback on local
reactions to new technologies and varfeties however distributed.

.2.5 The Hill Crops Technical Panel

The formation of a special Hill Crops Technical Panel (HCTP) is
strongly recommended. The purpose of this panel is to advise on technical
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matters, help prioritize problem areas, and decide on annual allocation of
the "Special Projects Fund" to be established in support of related areas
of research executed by other disciplinary divisions. Membership in the

Panel should include those divisions and other sgencies whose expertise
and facilities are needed by the HCIP. If possible Division Heads should
gerve as members; otherwise they should nominate a senior scientist to

serve in tuair stesd. These members should include:

[
EO\O.CDQO\\AC‘MNH

12,

Agronony

Agricultural Botany

Soil Science

Flant Pathology

Entomoiogy

Socio-Economics

Extension

Farning Systems Program

Seed Industry (Agricultural Inpute Corporation)
Farmer's Groups

DOA Represenvative (DD for crops)
Other organizations or groups {Ad Hoc)

Meetings should be held twice a year at the beginning of the two

major seagons.

If possible, the DDG for crops will chair the meeting and

the HCIP coordinator would act as secretary and will fix the agenda. The
usual agsnda could be as follows:

N W oW N
. .

8.

Brief review of past season’s results

Cropping systems studies with hill crops

Results of experiments from disciplinary divisions
Brief report from faormer group/seed industries
Presentation of future plens

Discussion on problems and recommendations
Allocation of special project funds®

Visits flelds or laboratories as convenient,

* A pore orderly and expeditious procedure would be through deliberations
of a smaller group consisting of the DDC (Crops), two rotating Division
representatives and the HCIP Coordinator.
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L.2,6 Multidisciplinary Approach

Tue multidisciplinary or team approach to solving complex plant
improvement problems is superior to the individual or discipline oriented
epproach. Researchers of different talents and academic backgrounds will
devote their attention to dealing with problems in different weys and by
vurious mecans. The collective approach will ensure the involvement of
inter and intra group responsibilities leading to better puarticipation in
the program. The fixing of priorities for different activities, and the
mobilization of resources vill also be done more effectively by the team
approach. One vay to foster and encourage inter-disciplinary collebora-
tion is to create informal technical sub-groupings within the program.
These groups should meet and work together on functicnal erzas of "thrusts"
where specific disciplines ar= related to zecondary rolez. For example,
the following groups would be most {mportant at the outset.

1. Plant Improvement. Chaired/moderated by a senior plant
breeder; to include plant protection specialists, sgrono-
mists, physlologinis, agricultural botanists, socio-

econoinists.

2. Crop Growth/Menagement, Chon: egroacnist, or soil sclentist.
Other members: physiologlst, entomologists; puathologlsts,

breedars, and socio-economiste.

3. Plant Protection. Chmm: pathologist or entomolosist.
Others: plant breeders, agronomists, soil scientists and
others.

These groups need not organize frequent regular meetings, except
for seasonal planning. Rather, the best and most effective get-together
could be in the field or laboratory to observe and discuss problems as
they occur and jointly decide on a course of action. It 18 assumed the
HCIP Coordinator would be a working scientist and would attend most group
meetings. He/she should also organize regularly scheduled, all-program
meetings more frequently in the early stages (e.g. every week), but not
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less frequently than once a month. Whenever poesible, ovtsiders from
other divisions, stations, and sgencies (eg. horticultwre, totany,
engineering, extension) should be invited to both the subgroup and
program meetinga.

y.2.7 Planning

The planning process is critical to the multi-disciplinary
approsch. It must be done carefully and reflect the collective wisdom
of' the entire progrem as well as any key outsliders who are coopted for
the process. It is recormended that planning be done for esch major
growing seagon and according to a three-step procecdure:

1. Initial preparation. Detailed plnns are drawn up by
individual scientists/heads of rections.

2. Group review. Plens prepared by section heods are
presented to the respective groups (e.g. plant rathologist
plans are reviewed by the plant protecticn group). Plana
are modified and improved as peregreed upon comments end
suggestions.

3. Program reviev. Plans and proposals screened by the
respective groups are concolidated by the coordinator eand
presented to the Hil) Crops Technical Panel (dazeribded
previously).

This planning procedure should be aimed at prioritizing problem
areas, focussing attention on mejor issuss, eliminating irrelevont/wnpro-
ductive expariments or activities, end aveiding duplicution. It will elso
belp assure a higher standard of individual performance. and foster a
spirit of cooperation - amongst the team wembers.

Wherever possible, GH axperimental/ and other plantings should

1/ GH experiments refer to green house, glass house or plastic house
experiments.,
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be used as efficiently as possible. For example, the germplasm collections
and breeder's nurseries should be evaluated for several purposes: (i)
disease reaction by pathologists, CH; (11) pest reaction by entomologists
(if not protected); (iii) tolerance of drought, water logging, pH extremes;
(1v) growth habit and morphological cheracteristics - physlologists, agro-
nomists and soil scientists.

4.2.8 External linkages

All hill crops scientists should be aware of improved materials
and technology developed both inside and outside Nepal. These innovations
should be tested for their adaptability and superiority under Nepalese
conditions. The most helpful orgenizations are the international research
institutes like ICARDA, CIMMYT, and ICRISAT as they are specifically man-
dated to serve countries like Nepal. However, several national institu-
tions may have more directly useful genetic materials and experience for
hill crops not included in IARC programs. These include:

1. Finger millet. Mysore Agricultural University (Bangalore
campus) in Indie; East African Agriculture and Forestry
Research Organization (EAAFRO) headquartered at Muguga near
Neirobi, Kenya with research done at Serere, Uganda; and
possibly, national crops programs of Bangladesh and 5ri
Lanka. The world collection (IE numbers) is also stored
at ICRISAT and the USDA (FT. Collins, Colorado).

2, Buckwheat. There are very few major buckwheat improvement
programs. Perhaps the best for Nepal are programs in
Manitoba Province of Cenada; Pennsylivania State University
in USA; Hokkaido and Nagano prefectures - especially Shinatu
University (Nagano) Japan, and ICAR of India. Chinese
germplasm msy also be useful; but Russian strains may be
less appropriate as they are all summer types whilst the
Nepalese materials are autum types.
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3. Amaranth. The best source of germplasm and information
would be the Rodale Research Center at Kutztowm, Pennsyl-
vania and the University of California at Davis in the USA.
However, the IARI, New Delhi, India; University of Nairobi,
Kenye; Zembia Seed Co., Lusaka; INIA in Mexico City; and
Unversidad Nacional de Cuzco in Peru may alsoc provide use-
ful sources of genetic diversity eand information,

h, Barley. The best sources of genetic matarials and inform-
etion are ICARDA in Syria and CIMMYT in Mexico. Other
sources of technology are the USDA in Beltsville Muryland;
the cereal research programs at Winnipeg, Cenada; Kenyan
Department of Agriculture; and the Coordinated Barley
Improvement Program at Karnal, India.

The most usefu). materials from these sources will be their germ-
plasm, eiite lines, and genetic segregating populations from which HCIP
scientists can select desirable, adapted lines and useful parental stocks.
Moreover, the training programs at some of these external institutions qnd
‘ pqrticularly at the TARC's will be very beneficic . to HCIP staff. There-
fore, the establishment of linkages with both IARC's and other appropriate
external institutions should be pursued oggressively. Intermational
scientists working on hill crops should be consulted about the HCIP program,
and Nepali scientists should keep close contact and communicate freely
with their counterparts at JARC's and other national hill crops programs.

k.2.9 Coordination

Coordination ghould be done by putting all the hill crops under
one umbrella, the coordinated "Hill Crops Improvement Program". This will
allow integration of staff and resources and focussing them on the most
urgent problems.

The ideal pivota) canter for research on hill crops would be
the station at Lumle near Pokhara and radiating its activities to different
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stations and sites throughout the hill zone. Alternetively one of the
other centers or subcenters could serve this purpose until satisfactory
arrangements can be worked out with LAC (e.g. Khumaltar). The program
coordinator and several senior staff will be based at the related main
center, but they must have generous travel allowances to permit frequent
visits to experimentel sites fn the different regions.

4.3 TRAINING

Training is an essential aspect of institutionel development and
must be continued indefinitely. However, it will be particularly criticel
at the outset to train young scientists and technicians thereby enabling
the new programs to become functional as quickly as possible. Training
goals at the posv graduate, group, and in-service levels for Phase I and
IT are outlined below:

L.3.1 Phage I (1987/1990) Training

1. Pzatgraduate: to be carried out meinly in India aend the
Philippines with theses problems to be done at IARC's or

in Nepal:
o]
- Agronomy (1 M.Se.) 24
-- Breeding (1 M.Sc.) 2l
~ Pathology (1 M.Sc.) 2}
- Entomology (1 M.Se.) 24
~ Soil Science (1 M.Sc.) 2y
Total 5 M.Sc.'s Sub-total 120

2. Group training

- JT's, JTA's, progressive farmers 30
- Workshops, seminars, study tours 28

3. Internationul workshops end conferences

(2 persons x 1 month x 3 years) 6
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Y. In-service training at JARC's m

(2 per year x 3 montns each x 2 years) 12
Sub-total 76

Phase I Total: 196

4,3,2 Phase II (1990/2000) Treining

Training must continue throughout the 1990's and beyond. In
fact, it will be necessary to increase the level of training, particularly
at the postgraduste level, to meet the expanding needs of the three
programs. Phase II projections (10 years) are:

1. DPostgraduate: iy
- Agronomy (1 Ph.D. & 3 M.Sc.'s) 108
- So0il Science {1 Ph.D.) 36
- Pathology {1 Ph.D. & 1 M.Sc.) 60
- Entomology (1 Ph.D.) 36
- Breeding (1 Ph.D. & 2 M.Sc.'s) 84
- Physiology (1 M.Sc.) 2k
~ Agriculture Botany (1 M.Sec.) 2}
- Socio-econonics (1 ti.Sc.) 24
(Total = 5 Ph.D.'s & 9 M.Sc.'s) Sub-total 396

2. Group training (within Hepel):

- Within country (JT's, JTA's, farmers) 5
~ Workshops, Seminars, monitoring tours 60

Sub-total 114

3. International seminars, workshops,

conferences

(2 persons x 1 month x 10 years) 20

4. In-service training at IARC's

1l per year x 3 mo x 10 year 30

Sub-total 50
Phase II Total: 560
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A total of 756 person months of training are projected during
the 13 year period (1987-2000). This includes 516 pm of post graduate
training resulting in 5 Ph.D.'s and 14 M.8c.'s in addition to 20 pm of
short term and group training. Thus, the HCIP will achieve reasonable
professional capabilities by the turn of the century.
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V., OPERATIONAL STRATEGIES

The first prerequisite tower’ increasing food production in the hills
will be the development of en e’foctively functioning Hill Crops Improve-
ment Progrem.

The progrem must be capable of generating a continuing flow of improved
techmologies for the different agro-ecologies of the hills., These will be
disgeminated to farmers in collaboration with extension, credit agencies
and community development projects 1ike IHDP, HFPFP, HADP, and K-BIRD, (nce
the institutional aspects have been resolved the primary goals end scope of
the program need to be defined.

5.1 PRIMARY GOALS AND MAJOR OBJECTIVES

The primary goal of the coordinated lill Crops Improvement
Program is to raise end sustain the preductlion and productivities of
neglected hill cereals in Nepal. Therefore, the major objective of this
program should conform with this goal and would include:

1. Coordination of all research activities in a multi-
disciplinary approach to generate appropriate technologies
to raise production.

2, Continuation of the ongoing testing and verificetion of nev
technologies in the farmers fields, in the different cgro-
climatic reglons, to identify the best materisls and
practices.

3, Organization, coordination and participation in all
activities relating to hill crops improvement and
production,
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Lk, Development and maintenance of seeds (breeders seed) of
improved varieties of hill crops, and help to increase seed
productioa for the distribution of improved varieties.

5.2 “PECIFIC OBJECTIVES

The formulation of the specific objectives of the program cen
only be done on the basis of an intimate knowledge of the problems, farm
needs, and genetic materials available, end the capabilities of the program
itself. It will not be wise to tackle all the problem areac at one t ime,
before trained staff have been recruited, or facilities developed, nor
before the instituticnal linkages have been well egtablished, Therefore,
program activities are setforth as shart and lomg term programs. FPhase I
(1987/1990), and Phase II (199G/2000), and Phase III (2000/2010).

Most of the short term objectives of the program are fundamentsl
and should be continued, Once sufticient progress has been made, some of
the activities may decline in importance, The overall activities should
include the following:

5.2.1 Phase 1 (1987/1990)

Major emphasis inh Phase I will be given to millet and secondarily
to barley since millet productiony including that in the plains, may
comprise more than 80 percent of all four hill crops combined, As time
permits and staff is recruited and trained the program can begin wvarking
on buckvheat and amarenth.

5.2,1,1. Genetic improvcnent

Collect, introduce, maintain, evaluate and tost the basic
germplasm from both local and exotic sources., The importance of collecting
local germplasm cannot be overstressed. Select desirable characters like



- 43 -

yield, earliness, standability, plant type, shattering resistance, robust
growth, disease and insect resistance, and grain quality. Recombine elite
lines to increace yield and other productive characters, incorporate pest
(including djiseases) resistance and drought tolerance, Recombinetim can
be initiated first in finger millet, but a considerable backlog of barley
technology from external sources (esp. IARC's) remains to be tested end
evaluated., Buckwheat must be collected, assembled and evaluated before
crossing is started, Similarly, crossing of barley and amaranth should not
be initiated wntil trained staff are available to work an these crope and
the full range of available genetic stocks has been evaluated.

5.2,1,2, Plant protection

Evaluate the germplasm and the segregating material in collabora~
tion with the breeder to identify host plant resistance to the major
diseases and pests of the nill crops. Develop appropriste control measures
for major disesses and pests which are least harmful for hunsns, enimsis
and environment, Mzjor erphasis would be placed on plent resistance,
Surveys of the pest and disease situstion in Nepal will be made, The most
serious and difficult pest of millet is blast disesse, This problem amply
Justifies the majority of plant protection efforts during st least the
early years of the program.

5.2.1,3., Cultural practices

Develop optimal produc’ ' m practices for different hill crops
right from tillage/sowing to harve t, post harvest and storage for different
growing couditions, Carry out studies on production costs end assess the
comparative benefit of growing hill crops in re.ation to other crops.

Again, initial focus should be given to millet and secondly to barley.
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5.2,1.,4., Crop nutrient requirements

Determine the nutrient requirem.ats of different hill crope
groving in the major agro-ecologies of Nepal. Also, study species end
varietal response to varying levels of chemical end orgsnic manures; and
conduct cost/benefit enalysis relative to local conditions.

5.2.1.5. Hill crops in crupping systems

Evaluate the role of hill crops in different cropping systems by
closely coordinating with FSP, in relation to the gultability and eccept-
ability of varieties and practices for the growers. Collaboration with
FSP will also help as the final stage in aseessing improved technology.

5.2.1.6, Quality evaluations

Evaluate the organoleptic qualities and nutrient aspects of hill
crops as affocted by variety, envircnment and managerent (particularly
varying levels of nitrogen)., These studies will necessitate close collabora~
tion between the agricultural botenist, plant breeder and soll gcientist,

5.2.1.7. Seed production

Assume responsibilities for maintaining and producing nucleus
end breeder's geods of both.released varicties end sdvanced lines (pre-
release). Program staff should also help train seed producers to ensure
that genetic purity and seed quality standards are met, In early stages
of production it will be necessary to aid certification agencies in
rogueing seed production fields.

5.2,1.8. Strengthening the program

There will be ghort and long term training for research,
extension and production staff, There will also be & training program
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for lover level staff of both research and extension (JT's and JTA's) and
finally, for progressive farmers, Dissemination of information will bde
done through publications, demonstrations and minikit trials.

5.2.2 Phase IT (1990/2000)

The objectives for Phase II will be similar to those for Phase I.
The level of activity and momentum on millet and barley must not slacken,
but become increesingly sophisticated. The buckwheat program will be
expanded and some increased attention may be given to amaranth. Finally,
vhen these crops are adequately accormodated some preliminary, low
yrofile exploratory studies may be carried out on some potentially promising
exotic species. The latter project may better be dene in collaboraticn
with Agriculture Botany and/or Tribhuvan University.

5.2.2.1. Genetic improvement

The collection, introduction and evalustion of both local and
exotic germplasm and segregating material, done in previous years, should
begin to provide desirable materials for the breeder, Multiple pest and
dicease resistant sources will be combined into improved strains, Germplasm
collections should be continued. Intensify hybridization of ell species,
including barley and buckwheat. Initiate some exploratory studies on
exotic hill species mentioned above, as time and facilities permit.

5.2.2,2. Plant protectiom

The activitien descrited in Phase I will be continued, especially
the work on millet blast which is expected to be a long term struggle (from
experience with rice blast). The screening of local, exotic and segreguting
materials for pest resistance must be accelerated in close collaboration
vith plant brecders. The long term objective w'1l be to incorporate
multiple sources of resistance into improved lines end varieties.



5.2.2.3. Cultural practices

The current program will be continued but increasing emphesis
must be given to resource management in low input hill cropping systems.
Some of tha newer concepts on minimal tillege methods, alley cropping,
'1ive mulching', and use of herbicides for both general and selective weed
control need to be explored in the context of HCIP cormodities, Socio-
economic studies on cost/benefit emalysis of new technologies will cantinue
in conjunction with cultural practices investigaticna.

5.2.2,4. Quality improverent

These studies will continue along the lines begun in Phase I, but
vill be expended when an Agricultural Botenist completes his M,Sc. training.
In the early stages of Phase II primary emphasis should be given tr
agsessing organoleptic properties {milling, cooking, btaking, appearance,
texture and taste), Later, the proximate principles, amino acid spectrum
and other nutrient values should be looked at. Then, in the latter yeers
there may ve opportunities to analyze some of the more promising exotics
introduced for preliminery study.

In most hill crops the .odder is a very important by product of
the crop. Species and verietal differeunces, effects of environment,
handling end storage will need to be agsessed on a cont inuing basis,

5.2.,2.5, Post Harvest handling
Hill agriculture offers limited scope for mechenizetion, but
fermers could benefit greatly from improved methods of threshing; end more

effective, low cost crop drying (e.g. soler) and storage.

Other specific activities described for Phese I including crop
nutrient studies, collaboretion with Ferming Systens, seed productien and



strengthening *he progran will ve continued taking into accownt new develop-
ments and any shifts in program priorities, especially with regard to nev
species.

5.2.3 Phase 111 (2000/2010)

This will be essentially a continuation of Phase II, but should
be preceded by major program review to determine vhether the priorities,
strategies, approaches, and program execution are appropriste and will
continue serving the best interests of Nepal in the 21st Century. This
should be & time ror stock taking end determining the most rationel program
arganization for the future. An example of some of the questions that
might be addressed at this time include:

1. Does finger millet deserve the status of a separate,
coordinated program on account of its continuing import ence

and special research needs?

2. 1Is the selection of spacies and priorities accorded them
appropriate to conditions and needs of the 21st century;
and vhat changes are indicated?

3. Are some overlooked hill crops or recently introduced
exotics of sufficient impo:r%ance or show sufficient
potential to be included in the HCIP?

L., Are new research approaches implicating special training
and additional facilities indicated for dealing with
enduring, intractable production constraintsa?

5. Are administrative structures and resource limitatios
seriously deterring program execubion end efficiency; and
vhat actions may be needed to alleviaste these problems?
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The main purpose of the review vill be to provide guidance and
glve legitimacy to any fumdarental changes in progrem directiomn, structure,
and priorities. It is recormended that cne or two respected intermnationel
scientists or research adminiptrators (non-Nepalese) be included o the
review panel.

The resources and staffing requirements for HCIP in Phase IIT will
not differ appreciably from those of Phase 1I, except for needed promotions
and salary increments, Moreover, most of the coastruction end the major
long-term training components vill have been completed by the end of Phase
11,

5.3 RESEARCH PRIORITIES

Amcng the four crops assigned to HCIP millet dominstes both as &
sole crop and mixed or relayed with other species. It is alsc the most
widespread hill crop with producticn in all five regions from the pleins
to the upper hills. As such it 1s at least four times more importent in
terms of production then the cther three crops combined., For this reason
millet will receive first priority in all aspects of improvement.

The second most important hill crop, also grown extensively from
the plains to the highest elevations up to 4000 m, is barley. Buckwheat
is importent mainly in the mid-hills to high elevations. Buckvheat ad
barley are really the only satisfactory choices above about 2600 to 3000 m.
However, the present lmportance and potential of amarenth, vhich is mainly
confined to the drier western hills of Nepal, is largely wlmown. Therefore,
studies on this crop will remanin exploratory wtil a better assessment of
the current production and future cen be made.

Among the different program activities described for Phases I
and Ii a renking of priorities lLias been made in tabular form iu the
folloving tables:
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Functional area Table
5.3.1 =~ Plant Improverent V-l
5.3,2 ~ Plaent Protection V-2
5,3.3 - Menagement and Plant Growth V-3
5,3,L - Product Quality vl
5.3,5 - Socio-Economics V-5
S.l SOME SPECIFIC STRATEGIES FOR HILL CROPS

The four crops assigned to the HCIP differ markedly in growth

habit, adapteticn end use. Therefore, the same improvement methods cennot
e used for all four crops. Neverhheless, the following generel guidelines

do apply to the four crops:

1.

20

At the initial stage, sttentlom should be focussed on the
two most important crops - millet end barley - for rapld
improvement, so that such improvement will have an immediat e
impact a hill agriculture considering the limited resources
and time.

Inverzigation on buckwheat should be taken up as the secand
priority activity during Phase I. However, it is wnlikely
that time, facilities and staff will be available for much
effort on amaranth except at a few selected locetions during
Phase I. Work on these secondary species may be expended
somewhat in Phase II es the program becomes better
established and staff are trained.

Technology on the hill crops should be imported from all
possible sources, especially from ICARDA/CIMMYT for barley,
India and EAAFRO for millet, Canada and Japan for buckvheat,
and Rodale Research Center and India for Amarenthus.



Table V-1: Proposed Rosearch Priorities for Flant Improvement Hill Crops (1 2000)
Selec- Syste=- Obser-
1/ tive matic Intro~ vation, Varietal Recombi- Selec-
Crop Reglon™ ¢ ) ec- Collec- duction Evalua~ Testing natiem  tion | CDArks
tion tion tion

PHASE I:

- Millet MH/P bl e nes bkl nan bk Cocllaborate with Indie.

- Barley HE/MB/P e bkl » ol ICARDA/CIMMYT, Canada

- C. Buek\fheatg-/ MH/P ekl hadaded hafaded ekl e e Collaborate with Canada,
Japan ,

-T. Buckwheat-y HE bkl . e e . haded Collaborate with Canada,

- Amaranth MH/HE akd bkd hd hd Collaborate with Kodale.

PHASE II:

- Millet MH/P . . ase sue ean ###  Tndis, EAAFRD,

- Barley HE/MH/P nas e aas hd b Evaluate at high
elevation.

- C. Buckwheaty MH/P ' e nns Ty Y aen Caneda _ Pennsylvanis,
Jeapan,

- T, Buckv‘heaty HE b b hadabed nan bkl "ae Screen for cold
tolerancse.

~ Amaranth MH/HE bk an "e " hd * Rodale, {exico, Peru.
Kenys.

- Exotics MH/HE "un bl hlad hd IBPGR, Ethiopis, Peru.

Note: * = lov priority; ** = pmedium priority; #*# = high priority.

Yy

¥

Region: MH = mid hills;
Common buckvhest.
Tatar buckvheat.

P = plain;

HE = high elevation (about 2000 to %000 m).

- 0§



Table V-2: Proposed Priorities for Flmt Protection ga Hi11 Crops (1987/2000)

Crop Regiony Survel- Identi-Plu;:eigt hgior?e,f Control Survei- Identi-mtm—itgn&ree- Control
llance fication Loss ning Measyres llance ficetion Loss  ning Measuras

PHASE I:

- Milletg/ HH/P e L 1] "e a8 L. ae L 2 (1] S8 (113

- Barley}j HE/MH/P . . » . # . » »

~ C. Buckvheaty MH/P bk bkl * e " & . (2] 11} ea

- Te Buckghest-—/ HE L 14 ® L -l L 2 L 4 3 ) 3

- Ameranth MH/HE & » » # - - . ™

PHASE 1I1:

- Milletg-/ MH/P * . 2 1) » . e an

- Barl 3 RE/ME/P . . # an # . # a8 #

- C. Buc.kwheuxl-v MH/P b 1 ] san ] # 17 ne

- T. Buck‘hesti'l HE ] L ] & s L ] L L 13 *as e

- Amaranth MH/HE - . ] aw ] . s aw wne

- Exotics MH/EE @ - . - e

Note: * = low priority; %% = pedium priority; ¥®** = high priority.
1/ Region: MH = mid hills; P = plains; HE = high elevaticn (about 2000 - LOOC m).
2/ Major emphasis on blast diseases; secondarily cn stem rot, )
3/ Powdery mildews and yeliow rust.

4/ Mildews lixely to be important.

141



Table V-3: Proposed Priorities for Management and Plant Growth Researchon Fill Crops {1987/2000)

< Water Flent 11 Weed Crop- Alley Seed Post
Crop Region?/ SOIng Pleat ;ori.  mwri- 70017 Con- ping  Crop- Trest- Her- Remarks
Yeaticn tioa €%  ¢pol Pattern ping met _ vest

PHASE I:

- Millet MH/P bhd *e . e ae bkl #ae bd . . Studies conducted
at several sites.

- Barley HE/MH/P b » . . o a -~ ditto =

- C. Buck‘he“g/ MH/P L 2] o% L { 2] *8 [ ] ([ 21] L} ® - ditto -

- T, Buckuhest;-/ HE b . * . . b . Avove 2300 m.

- Amaranth MH/HE hd . o hf * e Concentrate in wvest.

PHASE II: -

- Millet m{/p 4 e L] L1 L4 L L] [ 1] [ 23 L2 ] ]htmﬂify gstodies
with farpcer.

- Barley HE/MH/P * 3 wos » Ll . *  Extend sdaptive

N _ range,

- c. Bmkmmy m/P . -2 L ] [ 1 4 L 2 J [ 1 1] [ 2.} L 1} [ 12 Ihtensiﬁ Wi"
range,

- T, Bud:vhea:by HE b ol "e @ @ b . hd Stuly wder cold
stress,

~ Amaranth MH/HE b i i bkl bkl b bl b b #%  Increase emphasis
on TSR,

- Exotics MH/HE * b bl L

Exploratory omnly.

Hote: ® = low pricricy; ** = pedium priority;
P= plains;

1/ Region:
2/ Common buckwheat,

¥g = mid hills;

3/ Tatar duckwhest,

#8% = high priority.
HE = high elevation (2000 to 4000 m)

L]
n
n



Teble V-k: Proposed Prioritias for Product Quality Fesearch cn H{ill Crops (1987/2009)

Preparation and Stor BEutritive Valu,hl/
Crop Milling Beking Cooking Accepta- Stora- Proxi- Food Fodder Rerarks
Ouwtwrn Quality Time bility bility mate x Valve Quality
Princ.

PHASE I:

- Millet * * hakal e s hd hd . Evaluste for malting
quality esp. vhite seed.

-~ Barley . hod b ol * Evaluste neked barley for
keeping quality,

- C. Buckvuheat bd = bl nee bl o hd Note tennins, eny bitter
principies.

- T. Buckvheat hd hd e badd & . » Begin assessing dBitter
poinciple,

- Amarsnth * + * e b * Special emphasis m
popping quality,

PHASE II:

- Millet o b il e hadaed abdd hadadd Commence detailed nutrf-
tive value studies,

= Barley b b . bl . bl » Determine feeding walue,
malting pover,

- C. Buckwhest had bl . kel hd . wan e - Begin assessing anti.
met abolites,

- T, Buckwheat hakod bid b nas o " bkl ot Quaniify bitter principle.

- Amarenth . .o en *e . "o o s Evaluste botb grain and
vegetable types,

- Exotics o e b bl Al Acceptability of new

crops end asgess
proximate principles,
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Hote: *® = low priority; °*F = mdium priority; ®##% o high priority.

1/ FProximate principles are proteins, carbohydrates, oil-fets and fibers; actual value is based on more
detailed snalysis (amino scids, fatty acids, minerals, vitamins) and digestitdlity,

X = Frinc, = Principles, .




Table V-5: Proposed Priorities for Socio-k:cnomic Research on Hill Crops {1987/2000)

Produc-

Survey Data Rew Farmr's Gxport
Crop of  Collec- Techno- motiva- tt:t“ / ;’:’;‘“' Poten- Remarks
Trends timm logies tion Bene £it tial
PHASE I:
- Millet nan balaled bkl o e sxe b Initial focus cn production economies.
- Barley bl ol * il & o d Identify uses, markets.
- C. Bunkvhest-l-/ el e nan e bl Determine marketing pastterns.
2 :
- T, Buchbeat.—/ * - - bl * “ Characterize consumers preferences.
« Amaranth * bl i bl #%#%  pcgegs demend potential Nepal & laudis,
PHASE I1:
~ Millet hded aan bkl hadd ol & e Study beer ard malt food potential.
- Barley e & * bk * bl Determine export pctential - China/
Tibet.
- C. Buckwheuty aan kel e e wne b i Focus an producticn ecancmies.
- T, Buckvheat-z-/ s % * bl haad hd #8%  potermine expurt potentisl - Chine/
Titet,
= Amarsnth ae e el hd no “#%  Aggess consurer trends: Nepal & India,
- Exotics & bodd

NHote: ® = low priority;

%% = medium priority;

1/ Common or "sweet™ buckvheat.

2/ Tatar or bitter buckwheat.

#8% = high priority.

hs



b, All majecr activities will be bosed o a mult ldisciplinery
approach, so that problems receive the benefrit of collective
wvisdom for rapid, effective solutions.

5. Experiments and trials should be conducted over & dlverse
renge of agro-climatic cnditions. Combined anelysis will
be used a0 that definite conclusions cen be drawn therefron,
The annual workplen will ensure a proper distribution of
activities throughout the year,

S.b.1 Prospects for Millet Improvement

Once wnderway progress should be qulte rapid, since these hill
crops have been lergely naglected. The impact will be particularly
significent for millet on accownt of its videspread production. Moreover,
this crop posnesses exceptional yield potential wnder Nepalese conditimms,
Repeated experirents have sliomn that mere selecticn within lendraces can
result in lines capeble of ylelds up to and exceeding L mt/ha wmder

favorable circumstances.

While the primary preoccupation of the millet scientists at the
outset will be to stabilize production meinly through developing resistance
to perts (especially blast), there is also good scope for increasing
ylelding potential through study of yield compments and their recombina-
tion. There are nlso good opportunities to improve grain quality: malting
and diestatic power, seed size, protein centent, and acceptability. The
wmique malting character of millet provides an industrial base for this
crop deserving ¢f further study. In particular, white pesrly seeded types
can be used in the processing of highly nutritious, capily digested melt
foods,

Progress in genetic improvement of field crops often depends
directly on the ease and numbers of crcsses made. In the case of highly
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self-pollinated finger millet, crossing is peinstaking and time-consuming.
Therefore, some initiel studies should be made to determine the most
efficient and rapf§ method of gontrolled crossing Qf this speciea. This
might involve gifferent techpiques of bend emasculatiom, hot water or hot
air pollen indetivation, use of gametogides, earhead begging with
impermeabie mgterial, and cther methods. An interesting and simplified
technique fo# zass crossing of sorghum ig to cover the pre-flowering
earhead #ith plestic over which an opaque kraft bag is pleced to reduce
heat byildup, The buildup of humidity wder plastic preventy pollen grains
from shedddng witi} external pollen can be introduced.

5.4,2 Buckyheat Improvement

The two buckwheat species - both common ghd tatar-ar{ equally
interesting for their exceptional renge of adaptation from 100 m up to
LOOO m. Thay also appear to have export potential-gainly to Jepen (for
meking noodles) and to China vhere the Tibetens particularly relish this
cereal. The breeding implications for buckvheamt are interesting. Common
buckwheat (F. esculentum M,) is heterostyllic allogemous, and therefore en
outcrossing speclex; while tatar buckvwhest (F, tataricum K.) is an aubogemous
or mainly self-pollinated species. Since there are advant ages in %oth
gystems breeders may wish to convert certain lines of each speciep to both
allogamy and autogamy. Other interesting opticns may be to elimste bitter-
ness in F, tataricum K, end to introduce perenniality from the wild
F. cymosum M, - if interspecific crossing is possible.

5.4,3 Barley Improvement

The methods and techniques of barley improvement are well known,
However, there is a considerable amount of witested materials end other
technologles from external sources that ray be adapted to Nepali conditions,
Therefore, the first order of activity should be to introduce and evaluste
the new technelogies, meinly from ICARDA/CIMMYT end from India.



] Amaranth Improvement
(]

Amaranth i5 e particularly attractive gpecies on accomnt of its
excellent grain quality, duval use as A vegetable and fodder, tolerance ¢f
lov moisture conditions, and efficient C) carbon assimilat ion pathway
(similar to maize and sugarcane), Aside from the nutritionel implicatians,
the amaranth also has good potential as a village industry (making of
popped sweetcakes) and export to India. The wain difficulty at present is
to cetermine how important and widespread is amaranth cultivation in Nepal
and to have some idea about its future potentlal. This could be a high
priority activity for socio-economics with FCIP support. In the meant ime
there is considerable technology that can be introduced and evaluated
mainly from the USA (Rodale Research Center), Mexico and the South American
Andean Region.

5.L.5 Exploratory Studies on Exotic Species

New crops have been an-alluring opportunity throughout history,
In fact several of Nepal's manjor crops, like maize, potatoes, tobacco,
chillies; and several other vegetables, fruits snd fodder crops were
iptroduced in comparatively recent, post~Colombien times. However, there
remain a number of wntried hill crops, especially from the Andeen regiocn of
South America and from the highlands of East Africa, that should be tried
in Nepal. Among these are the False Banana (Musa ensete) end tef
(Eragrostis tef) from Ethiopia; Quinoca (Chenopodium quinoa), Terwi (Lupinus
mutabilis), and three root crops {(Ulluca, Oxalis and Daucus _spj_.) fi'om the
Andean Region, Also, from Sowth America are cold tolerant forms of common
dry besns (Phaseolus vulgaris), lima bean (Ph. lunatus; and the scarlet

runner bean (Ph. coccineus).

In addition, there are improvements in familiar crops like short
duration wheats and triticales; end in new, cold tolerant sorghums, pearl

millet (bajra), and Italian millet (Setaria italical.
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_Some of these may find wutilized niches in the highlands,
contribute aignificently to total food availability, improve nutrition, snd
bring more income to hill agriculture, It is therefore recomrmended that
HCIP ailot e modicum of its efforts to support some exploretory studies oa
exotic new hill crops in collavoraticn with Agriculture Boteny, Tribhuvan

University, end other agencies, mainly in Phases II and 111,
5.9 FORMULATION (F A WORKPLAN

The formulation of a workplan will be carried out by each of the
program's disciplinary heads in congultation with the HCIP Coordinator.
The Coordinator will then meet with other members of the progrem to interact
with them cn the overall program of work for the season. On reaching a
consensus and finalizing the plen, it will be presented to the Hill Crops
Technical Panel for discussiom, recommendetici, improvement, and final

agreement,

" A tasic wderstanding of the canstraints, end an irtimste
familiarity with the research methodolecgies and program capabilities, will
form the basic background to develop the working plen for each seascd. In
“formulating & workplan, it 18 easential to Le lnowledgeable about the
tackground of preﬁoua vork, resources of the research stetims, staff and
labor capabilities, operationel facilities available, costs involved, seeds
on hand and so on. Oace the procese has been started, it becomes cont inuous.



VI. FACILITIES-STAFFING-BUDGET

The facilities, equipment, personnel, and operating budgets necessary
to strengthen the cocrdinasted Hill Crops Improvement Program are projected
separately for Phases I and II. However, mst of the cmetructiom,
equipment, furnishings, and a portion of the training are scheduled during

Phage I (1987/1990).
b.1 PHASE I DEVELOPMENT (1987/1990)

The corrdineting center for the HCIP 1s proposed for establishment
at Lumle; but ‘our cther centers will have key roles in program activities
including Jumla, Marpha, Kavre, &nd Rampur; and at least six staticns/farms
will be used as secondary and testing sites (see Table IV-1), GSince there
my be & delay wntil an agreerent is worked out with the ODA group at
Lumle, Khumaltar is proposed as the interim coordineting center. Moreover,
other aspects of program development such es donor support, canstruction,
and procurement of essential equipment end supplies are likely to be some=-

vhat delayed.

However, it would be essentiel to nominate the Coordinator-
Designee as soon as possible so that he can move promptly ahead in
marshalling resources, plenning, initiating conatruction, procuring
material and recruiting and training staff. This arrengerent will assure
that the program tekes off vigorously and expeditiously. Thus, 1987 would be
considered the first year for HCIP and the schedule of developmntal
activities during Phase I would be the following:

YEAR ACTIVITIES
- (1986) Prepare and submit proposael to HMG/N end dmors., If

approved in principal, nomineate Coordinat or-Desigmee
to initiate program. Cmtinue current research

activities on hill crops,



YEAR
1 (1987)
2 (1988)

2.B (1989/1990)
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ACTIVITIES

Coordinator-Designee to expedite agreements on main
center and other statims, initiste castruction, order
equipment and supplies, recruit and train staff, Expand
current research activities as resources and facilities
become available.

Coordinator end center staff moves to designated centers
as soon as facilities become available., Continue
recruitment, cmd commence long end short term training
abroed. Recruit snd assign staff to secondary ceaters.
Accelerate technical program.

HCIP 18 fully functional technically and

administratively.

6.1.1 Staffing and Persounel
Total  Cost
Post Propoged St;:tarix;g Person  Ra.
Years 1000

l. Gazetted Officer

G.I: Coordinator 1 1 3 126
G.II Agronomist 1 2 2 60
G.III: Aesst. Soll Scientist 1l 1 3 T2
Asst, Entomologist 1 1 3 T2
Asst. Agronomist h -1 4 96
Asst. Breeder 2 l+1 7 168
Asst. Pathologist 1 rod 3 T2
8 - - 666

® Year 1 = 1967



Total Cost
Post Proposed St;:t123 Person Re.
ar Years 1000
2, Non-Gazetted Technical
RG.I: Juior Technician L +1+2 (2 ea) 10 140
Mechanic 1 1 3 L2
NG.II: JTA L <141 (2 ea) 14 168
NG,III: FA's+Lab. Asst, 6 -1+1+3 (2 ea) 16 133
Driver 1 1 3 27
ST 16 - - 510
3. Administrative Staff
G.III: Administrator 1 1 3 s
NG.I: Accountant 1 1 3 37
NG, II: Accomntent 1l 3 1 10
Adm, Asgst, 1l 3 1 10
NG.III: Adm. Asst. 1 1 3 25
N5.IV:  Storekeeper 1 1 3 19
NG.V: Peons 2 1+2 5 25
Guards 3 1(x2)+2) 8 Lo
ST 11 - - 211
4, Field Labor
Permanent lubor 18 - - 440
Casual labor - - - 90
8T = 530

Tot.al permanent staff - end of FPhase I = 53
Total salaries/wages/allowances - Phase I = Rs. 1,917,000
® Year 1 = 1987
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6.1.2 Construction and Station Development

The interim center at Khumsltar will not require any construction,
but considerable development will be neceded at the proposed main coordinating
center (Lumle). Construction and development of Lumle should be started as
soon as possible ard largely completed by year 3 (1950).

Cost
Rs, '000
1, Conetruction main center

- Office building (renovation)* 800
-~ laboratory building 700
- Store 120
- Threshing floor, garage, workshop 250
- Regidence: U individual quarters 1000
-~ Residence: U duplexes (16 units) 1600
g 8T = 4470

2, Construction - 2 larger subcenters
-~ B8taff gvarters: 2 duplexes Loo
~ Stores/labs/services 200
ST = 600

3. Construction - 2 smaller subcenters
- Staff quarters 250
- BGtores/threshing 150
ST = k400
4, Construction - 7 testing sites 700

#® If existing building is avallable



9. Station development

- Coordinating center:
» Land development/irrigation
« Glass/plastic houses
» Screen houses/head house

« Irrigation pump, tubing, tank

~ Other centers:
. Fencing
+ Land development/irrigation
. Screen/plastic houses
+ Irrigation equipment, tanks

6.1.3 Non-Expendable Equipment

Cost
Rs, 1000

50
150
50
1ko

390

Lo
100
8o
120

340

8T = T30

TOTAL (1-5) 6900

The category includes vehicles and farm equipment, laboratory

equipment and office equipment/furnishings.



1.

2.
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Vehicles and farti equipment

Estimate

Item . Rs, '000
~ Small pickup trucks: Zoyota diesel 200
- Motor cycle (3) and bicycles (5) 80
- Single plot thresher-small (3) 120
- Seed drier, IRRI type (1) 30
- Seed clesners, graders (1) 20
- Spreyers, hand (5) 6
- Bench type seed cleaners (2) 10
- Bweepnets (10) 1
- Air-conditioners (1) and room dehumidifiers (2) Lo
- Miscelleneous 10
Sub-Total 517

All station equipment requiring a power source €.g.
threshers, seed cleaners, and driers should be fitted with
electric motors vhenever possible, end cen usually be 80
ordered, In a situation, where an electricity source is
not available or reliable, these machines could also be
retrofitted with small diesel engines.

Laboratory equi pment and furnishing

The 1ist of lab equipment, instruments and fumishing
is intended primarily for Lumle. Some {tems may aleo be
used in Entomology, Pathology and Soil laboratories at
Khumaltar,



Estimate

Items Rs. '000
~ Mills scales (8) 10
-~ Gram scales (15) 90
-~ Binocular microscopes w/ettachment (2) 8o
- Moisture meters (2) 4o
-~ Seed germinator (1) 4o
- Deep freezer-upright (1) 30
- Refrigerators (2) 50
~ Cameras w/attachments (2) 20
~ Miscellaneous 10

Sub-Total 370

3, Office equipmrent

-~ Typewriters (2 7=pali and 2 English) 30
~ Photocopy machiiz (1) 30
- 8lide projector w/screen 12
- Overhead projector (1) 10
~ Lithomachine, electric and manual (2) 50
-~ Laboratory tables/furnishing 800

Sub-Total 93

Total non-expendable (1-3) Rs. 1819

6.1.4 Expenduble Equipment and Supplies

Thic will include operational supplies and expendable equipment
needed for both fileld and laboratory research at the main and sub-stations
during Phase I (3 years).



Estimates

Items Rs, '000
- Fertilizers and soil amendments 130
- Seeds 20
- Pesticides 20

- Fileld work supplies (bags, string, paper, tags,

labels, etc.) 40
- Plant pots, growing medium 25
- 0f:’ice supplies 35
- Miscellaneous 20
Sub-TOtP.l 290

6.1.5 Operstions end Miscellaneous

This item includes the support for operstiom, equipment
maintenance, travel, report printing, and discreet support to colleborate
. with other departments and programs of the MMG/N. The expenaes which will
be involved for disciplinery divisions, sub-centers and testing sites, will
help io manage some of the intangible expenses which might incur to carry

out research on hill crops.

This expenditure includes the expenses incurred with the type
of experiments to be conducted with different disciplinery divisioms,
stetions and testing sites. This expenditure is to be estimated end

negot iated each year separaetely with concemed agencles,

Estimated
Cost

It ems Rg. '000
- Haﬁ‘ntenance of equipment and machineries 100

- Collaboration with disciplinary divisions/

centers and testing sites 2ho
« Travel: in-cowntry 200
- Report printing and swndry expences 4o

sT= 580
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6,1.6 Training; Long and Short Term

The cost of training as projected in "Institutional Development"
for Fhase I of the Hill Crops Improvement Program (3 years) is calculated
vith the assumption that Ph.D. level training would require 36 m/m end M,Bc,
level training would take 2k m/m. The projected total cost ir as follows:

Zatimated
Duration Cost
Kind of Training pm Rs, '000
1, Post graduate 5 M,B¢,'s 120 2520
2. Short term training et IARC's 12 480
3, Group training (JT's/JTA's +
progressive farmers) 3 90
4, Seminars, conferences,
manitoring tours (Netional) 28 98
5. Internationel geminsrs, moaitoring
tours, visitetions 6 240
Total 196 3428

6,1.7 Budget S.mmery-Phese I (19687/1990)

The first three years represent the most critical period for the
hill crops program, Staff must be recruited and trained, major construction
carried out, equipment ordered, plans made, and programs executed. <This
heavy task, together with providing leedership, guidance to the hill crops
sclentiats, and overall ccordination will rest primarily with the
coordinetor. He snd the program will also be under heavy pressure to
produce tengible results earlier than should be expected to gain public
support, streagthen staff morale, and assure continustion of the program
in Phase II. Tje magnitude to this challenge can be summarised from the
budget summary shown below:
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Estimate Percet

Cetegary Rs. '000 of Tctal
1., Salaries and allowances 1917 12.8
2. Construction*/station development

- Main center = 4470

- Two larger subcenters = 600

- Two smsller subcenters = 400

~ Testing sites (7) = 700

~ Btation development (ali) = 730

ST 6900 k6,2

3. Non-experdable equipment
- Vehicles & farm equipment = 517
- Lab. equipment & fumishings 370
-~ Office equipment/furnlshings 932

8T 1819 12.2

k., Fxpendable equipuent & supplies 290 1.9

5. Operaticus snd miscellaneouc 560 3.9

6. Training: lomg and short term 3428 23.0
GRAND TOTAL Rs, 1h,934 100

# Building canstruction costa less statin development = 6170
6.2 PHASE II DEVELOPMENT (1990/2000)

Crop improvement is & cotinuously evolving process. Some change
in emphasis will vccur as certain hill crops develop grecter potentiel,
vhile others decline in iwmportance. It is not unlikely that totally new
production technologies or crop species begin to show exceptional promise
and amply deserve the HCIP's attention., Therefore, program stretegies
must remain flexible,



6.2.1 Upgrading snd New Staff

Ferly pains made in Phase II could be repid end derive mainly
from introducing und adepting improved technologies from elsevhere and
because initiul efforts on previously neglected crops can result in qu.itun
advances. However, a residue of hardcore prcblems and refinement of
existing technology will require increasing efforts and technical competence
for further advencement. Specifically; there is expected to be.ep increasing
nesd for more sophisticated studies on product quality, chemica’. enalysis,
and plant growth processes by the latter 1990's, Thus it is proposed to
upgrade (recruit or train) staff 5-I posts in the fields of Coordinat ing
Agronomy; G-II posts in Agronomy, breeding, entomology, pathology, and soll
science; to add new positions in agricultural boteny, plan® physiology,
socio-economics, end training end to {urther strengthen agronomy, breeding,
.4thology, entomology, end scil science in Phese II, In effect, thia wouid
add two more G-I's, three more G-II's and eigit additional G-III posts
together with appropriate tachnical suppori steff. Some additional
administrative staff will be required, majnly st subcenters.

The upgrede and new poste proposed for Phase II would add the
following to the Fhase I staffing pattemrn:

Total

Proposed Starting Person Cost

Post Total Yeax Years Rs, '000
l. G-I upgrades 2 145 15 630
2., G-II upgredes 3 2+L+5 22 660
3. G-III new positioms 8 142+ 3+h (x2) 68 163
L, Support staff 600
ST = 3522

On this basis it is possible to project estimstes of Phase II
staffing and personnel costs which should also include allowance for within

rank promotion, normal increments, and other increases.



6.2.2 Staffing and Personnel

Estimated
Costs (Rs '000)

1. Gazetted officers:

- Current posts (end of Phase I) - 2040
- Additimal posts 3522
- Promoticns, other increase (LO¥ of 142) 2225
8T = 7787
Total
2, Non-gazetted research support: PeY._
= Current coets (end of Phase I) 2050
- Additicnal JT's (2) 16 230
- Additicnal JTA's (L) 30 369
- Additional Lab and Field .
Asste (L) 0 270
- Promotionz, other increases
(40% of 1-4) 1160
ST = Lot0

3. Adminigtrative staff

- Current costs (end of These I) 110 870
- Additieonel NG-III Adm. Asst. {U4) 30 270
- Promotions/incresses (LS% of 1+2) = 510

ET = 1650

Lk, Fileld labor

- Current costs - parmanent labor 1250
- Current costs - casual labor 250
- Additimae). parmanent labor (S5) Loo
= Additimal casuel labor 150
~ Increases (20% of 1+2+3}) Loo

£T 24ko

Total permanent staff end of Phase II = B85
Totel salaries/wages/allowences - Prase XI = Rs, 15,547,000



6.2.3

6.2. h

6.2.5

Construction end Station Development

Major construction will have been largely completed during
Phase I, but some additicnal residences, station development and plastic
houses will be needed mainly at subcenters.

1, Plastic/glass houses {3}

2, Resldences: 2 dyplexes

3. Additicnal: subcenters and testing sites
Non-Expendable Equipment

1. Small pickup truck (1)

2, Two whesl tractors 3)

3. Motorcyeles (2) + bicycles (6)

4, Threshers/driers/seed cleaners/other

5, Laboratory equipment (new staff)

6. Scales/ovens/microscopes/germinator/freezer
7. Office equipment

Expendable Equipment ani Supplies

1,
2,
3.

Current cocts (as in Phase I)
Spare parts repairs for equipment
Additional 308 of 1+2

ST =

T =

Estimate

Rs. '000

150
400
Ls0

1000

200
150
150
220
100
280
100

1200

T25
65
237

1027



6.2.6

6.2.7

6.2.8

Operations and Miscellaneous

1.
2.

Cuireat costs (as in Phase I)
Additimnalr 30% of 1

Training - Long end Short Tern

Kind of training

1.

24

3.

L,

54

Post graduate: S5 Ph,D's and
9 M.8¢'s (India, Prilippines)

Group training (JT'a, JTA's and
farmers)

Seminars, conferences monitoring
tours (within Nepai and India)

Intemeational seminars, workshops,
visitatime

In service training at IARC'st
1 por yeer x 3 mo x 10 year

396

5k

22

30
BT =

Egtimate
Re,_!000

1450
L35

1885

Cost
Re, '000

8316
162
195
880

1200

———

10753

A total of 562p/m ~f short and leng term training will be
carried out during Phase II,

Budget Summary - Phese II

The summary estimates for Phase II ure 1liated below:



Cost Percent
Category Rs. '000 of Tatal
~ Staffing and psrconnel 15947 50,1
- Construction/stetion developmeut 1000 3.1
= Non-expendable equipment 1200 3.8
- Expendable equipment/supnlies . 1027 3.2
- Operatims and miscellanecus 1865 5.9
« Training - short and long term 10753 33.8

——— e

Totel Rs., 31812

The total cost of Phases I end II is Rs, 46,746,000, Of this
amownt Phase I comprises anly 31.9 percent becaugse of its shorter period.
Construction amownted to 46.2 percent of Phase I cost but anly 3.1 percent
of Phase II, Btaff/personnel costs and treining are the two major line
items in Phese II - 50.1 and 33.8 percent, respectively; compared with 12.8
and 23,0 percent for staff/perscnnel end training respyctively in Phase I.
There is an obvious distortion in Phase I resulting from high comstruction

costs,.
6.3 PROJECTIONS FOR PHASE III (2000/2010)

Concerned agencies and donors, especially HMG/N, USAID end IDRC
must recognize the special needs for hill crops improvement and development,
Full program establish. ~t end functiming will not occur wmtil after the
turn of the century fc. ~° » following reasans:

1, Late start in establishing the program. The first yeer of
operatim is projected as 198T.

2. ‘There is, in effect, no existing program for hill crops -
wnlike other major comoditles; and some hill crops have
not yet been seriously studied in Nepal.



3.

S5
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There is no intemsational backup support for these crops
except barlsy, which is included in the mendete of ICARDA,
Several developed cowntries alsoc have barley improvement

programs,

Improvement methodologies for hill cropo (except barley)
are not yet well developed, Therefore, oome initial
axploratory studies vill be needed to develop research
techniques and procedures.

Hill stetions are not as well developed as those in the
plaina, Moreover, research in the hills is more difficult
owing to limitations of lend, lack of scil end site
homogeneity, and impracticability of machenizetion. Also,
travel md movemsnt between hill sites and stations is
much more difficult end energy demanding.

As a consequence of this situation the big payoff from hill
crops improvement is not likely to occur wmtil the early years of the 21st
centwry. Therefore, full program support must be provided for at least the

next 23 yearg,

Projections for Phase III would bte as followss

Cost
Cat egory Rs, '000
1. Toctal costs of Phase II less long term training 21060
2. Increesed staff positions (10% of staff costs) 1590
3, Trainingt 2 Ph.Db and 4 M.Bc's, 120 pm 2520
4., Training short term: as in Phase II 2430
5, Promoctions end increases 30% of 1 end 2 6800

Total 3hlou
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6.4 SUMMARY OF COSTS - PHASES I - III (1987-2010)

The full costs for the first three development phases of the Hill
Crops Improvemunt Program are as follows:

Cost Percent Cost /year
Fhose Rs. '000 of Tetal Rs. '000
I: 3 years 14934 18,4 4978
II: 10 years 1812 39,2 3181
III: 10 years 34k00 - 3L4k0
Grand Total 81146 100,0 3528

Annual program costs have declined from Phase I to Phases II ..
despite substant ial increases in staffing, promotions, end normal
inerements. This is because major capitel investment for canstruction will
be largely completed during Phese I,
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VII, PROGRAM IMPACT

Predicting the potential effects of research and technology advances
is difficult at best as many factors are involved, Moreover, coaditions
and needs chenge for a number of reasons sometimes negeting the potential
of otherwvize sownd advances, Plent pests are particularly difficult to
asgess ~ as old disease and insoct problems are solved exinting forms tend

to mutate or totelly new pests may appear.

On the other hand, wnexpected breakthroughs may occur that are both
cumulative end cetalyti. and lead to new directions in cdewelopment, Amng
the most interesting such poasibilities are radically different forms of
existing crops that find nev roles in the farming systems or cause new
cropping patterns end uses to develop, These newv 'forms' may evolve as
earlier maturing varisties, tolerance or previously limiting physicel
stresses (e.g. drought, waterlogging, pH, or temperature extremes),
miltiple pest resistances and/or improved product quality or uses.
Therefore, hill crops researchers, in collaboration with their farming
systems colleagues, should be constantly vigilant for eny such innovative
possibilities arising from new compament teclmoloéies.

There is already some technology developed by HMG/MOA divisions and
stations and available from international institutes and cowntries that
can be tegsted end adapted to conditions in the Nepal hills. Hownver, this
backlog of information and elite germplasm is less bountiful than thet
availsble for major crops like rice, maize and wheet. This meens the HCIP
wvill have to become more self-relimt and inncovative in developing its own
bese materials and improvement methodologies. This need not be a serious
impadirent to advence, since the HCIP will, in the ead, become stronger
and collectively more self-confident. However, it must be recognized that
initia) progress will te slower than may be expected from gimilar programs
an major cereals, oilseeds, and pulses. Nevertheless, once moment um is
attained, advances can occur more rapidly and make an even grester impact

o hill agriculture then eny of the other commodities.,



Ted PROJECTICNS

Based cn past experience with similar crors and gituations it is
possible to prepare en illustrative model to show hovw an effective hill
crops improvement effort can impact ot Nepal's egriculturel economy and T
the food needs of a large ~egment of the hill populetim. However, it must
be assumed that steff is recruited promptly and trained aes scheduled, that
facilitisa are provided withouwt delay, and that necessary operational
[rocedires {like travel) are streamlined and made more attractive; end
that edjunct sgencies end programs (extenaiom, seed production, agricultural
inpute) function efficiently.

Base production of the four HCIP mandated hill crops is aromd
300,000 tone ennually (1985). Given a full program startup by 1987 it
should be possible to achieve a modest impact on natimal production by the
end of the Eighth 5-Year Plen for example: -



Froducticon Estimates ('000 mt)

Year Wit hout With technnlogy Incrouse
Technology rreent Production Ovey Base
1985/1992 300 0 300
1993 300 1 303
1994 300 1 306
1995 300 2 312 12
1996 300 3 32 22
1997 300 3 3% i
1998 300 i 34k 4h
1999 300 4 356 58
2000 300 L 373 13
2001 300 6 395 95
2002 300 € 419 11)
2003 300 T 4L8 148
200k 300 7 k79 179
2005 300 T 513 213
TOTAL 4200 - 5203 1003
T.2 PROGRAM COSTS IN PERSPECTIVE

If the additiomel value of the 13 yeor vumuletive increase is
asssoped at Rs. 6,000/mt, then the gross Wenclit to Nepal would be
Rs. 601.8 crares or ik,2 Limes the entire cost of all three phases (23 years)
of the HCIP. In fact, the totali cost of the program would be fully repaid
from the additicnal production estteined by 1995.

These projections are not wildly inprobabls. In fact they are
aanservative. Witnesa Indiae during the "Green Revolutim". Wheat productian
on & much vaster scale increased three-fold in a gshortsr time period.

Another cese was penrl millet (bajra), which increased in productian by
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80 pernont on virtually the sare area (yield increase) in anly b yeers
following a eingle iriovetion - the release of Hybrid Bajra No. 1.

Te3 IMPACT OGN COGNSUMERS

In cenclusion 1t cen be falrly stated that few if eny investments
can pay such bountiful divideads as applied agricultural research. In
particular, support for Nepel's hill crops could prove to be the most
profitatle of all investmente as it would benefit the largest number of
the poorest segment of society, By 2005 en additiomal 12 lakhs of people
could derive tneir major sustenance from the increased productiom of hill
crops resulting from improved technology gcnerated by the HCIP.



APPENDIX I: DESCRIPTIONS OF THE IMPORTANT NEGLECTED HILI CROPS OF NEPAL

1.1 FINGER MILLET (Eleusine coracena Geertn.)

This cereal is e:rtensively grown in Nepal ranking fourth in the

importance after rice, maize end vheat. Most of the production occurs in

the hills in rainfed areas. It 1s elso cultiveted toa lesser extent in

the Teral up to about 2500 m, but more comonly occurs between about 1000
and 2000 m. In Nepal, millet is frequently grown in association or relay
systems with raize. Yields are both respectable and reliable at arowmd 900
to 1160 kg/ha. I is particularly valued for its gtorability, malting
qualities, and slow digestibility (preferred during perlods of hard physical
labor), Some of the finger millet cpecies and wild reletives are further
described helow:

ll

3.

Eleusine coracana (Afro-Asiatic type): 2n = 36 chromosomes;
shorter glures, lemmas and spikelets. The panicles may be top
curved, incurved or open types. All three types of flnger millet
are found in Nepal. The number of splkelets per finger vary.
Top-curved types tend to have more spikelets than the other two.

In the higher elevation where rainfell is low, the more dominant
type is top-curved, whereas in the nid hills where rainfall is
high during the growing season, the cpen type is more comman.

Eleusine coracana (African highlond type): 2n = 36 chromoscmes;

longer lemmas, glumes and spikelets. The spikelets are non-
shattering and seeds remsin attached to the glumes. It is mostly
found in demp areas sbove 1200 m elevation in the Africen highlands
of Malawi, Bhcdesia, mad even in the more north:rly areas of the
Union of South Africa.

Tleusine indice (Cocse grass): 2n = 18 chromosomes. This
smaller plent is the wild relstive of finger millet, It has e




narrow rachis: relatively short glumes, lemmus and spikelets., It
is believed that E, africana evolved from E. indica by the doubling

of its chromosomes. This wild species also occurs in Nepal,

b, Eleusine africanu: 2n = 36 chromosomes; semi-wild type; it is a

larger plant, with wider rachis and thicker stems; and has longer
glumes, lemrac and spikelets; succeptible to shottering than E.indica.
It is believed that E, africang was the progenitor of E. coracana.
Both E. zorecena and E. africens occur naturelly in the cultivated
fields of East Africa. However, this wild form has not been

fomnd in As’la. According to Xennedy - O'Byrne, I, coracensa

either develored by the selection of e lasrge grain mutant of

E, africena or as a selection from navurally douvled E. indica,

1.2 BARLEY {Hordeum vulgare)

This cereal and buckwheat are the two dominant high elevation food
crops in Nepal above about 2500 m where 36.5 percent of production occurs.
However, barley is slgso important in the mid-hills (40 percent of
productinn) and in the plains (23.5 percent of producticn). Barley 1is
import ant because of its shorter duration (es compared to whertt), cold
tolersnce, low molsture requirerents, and wide adaptation. Although
tolerant of poor, slkaline solls, it does not tolerat~ poor drainage. The
grain is consumed mainly as a porridge or bread, while the straw is used

as fodder.

Nepal's Himnlayen rar ge has a rich diversity of barley genetic stocks,
especinlly the intermedium, six rowed types. This region may be the
center of origin of some of the barley verieties, especially noked barley,
According to Dr. Kihara (1952/93), barley verieties existing in Nepael are
mainly of two types: (i) low lend and {ii) high lond. Highlend types
predominate in the country and ray te either hulled or hulless (ngked), a
character controlled by a aingle gene. The highlend barley varieties
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can be long, short or intermediate a'med types. DBarley has 2n = 14

chromosomes,

Barley is also en importent staple of diet in the bhills, Both covered
(hulled) and naked (hulless) bailey varieties are grown slde vy side, but
naked berley is mainly cultivated at higher elevations {usually above
2500 m).

1.3 BUCKWHEAT (Fegopyrum spp.)

This pseuwdo-cereal consists of two cultivated species: F. esculentum
K, and F, tataricum X, with 2n = 16 chromosomes., A tinird, wild specles,
F, cymosum M,, 8lso occurs in the hills from about 1500 to 3000 m mainly
elong riversides and as a 'companion' crop of tetary buckwhest., The common
or 'sweet' specles, F. esculentum, is videly cultivated from the terai
plains (except on peddy lands) up to sbout 2300 m. Tatary or bitter-
geeded buckwheat 15 grown from sormewhat above 1500 m (usually above 2000 m)
up to 4000 m, near the upper limit for cultiveted crops in Nepal. At
lover elevatioms, such as in the tersi, common buckvheat may be grown in
vinter by seeding in October/November; vwhile in the hills it may be growm
as en early spring or summer crop. Buckvheat is used mainly for making
wnleavened bread snd as a porridge. It ic particularly popular amongst

Tibetan origins.

Buckwheat is more common in the marginal lands of mid to high
elevations where soil fertility and irrigation facilities are limited. The
groving period, seed rate, and cropping patterns of cultivated buckwhest
are closely related to the elevation, The species of buckvwheat grown in
Nepal are further described below:

1. Common buckwheat (F. esculentum M.): It is swect (non-bitter)
in taste, and vherever climatic conditions are favorable, the
gveet varieties are prefereble to other buckvheat gpecies. Common



buckwheat is also widely grown in Chira, Soviet Union, Jepan end
Cagada. It is mainly used for making noodles in these cowtries.

2, Tatary or bitter buckwheat (F. tartaricum K.): This species 1s
mainly grown at higher elevations ir Nepal, It is more cold
tolerant and higher yielding than common buckwheat at higher
elevaticr.a vhere it is mainly grown a&s a barley-buckwhect
rotaetion.

3,  Wild and perenial buckwheat (F, cymosum M.): This wild, perennial
form of buckwhest is usuelly fownd gruwing alongside tatery
buckwheat. The distribution of wild buckwheat is from about
1500 m to 3000 m and perhaps as & ccapanim weed around tatary-
buckwheat flelds. Tatary buckwheat may have evolved from the
wild type.

1.4 AMARANTH (Amsranthus spp,)

This pseudo-cereal is comprised of several specles including both
grain and vegetable types. In additiom, several weedy forms occur widely
throughout the world from the tropics to temperate regions. A. hypochondriacus,
a native cf Mexico, appears to have migrated to liepsl in the post -Columbus
era. It has becoue increasingly popular ameng the hill people, particularly
in the mid and ‘ar vestern regions. It is highly edible, has excellent
nutritimel velve, and can te used to manke a variety of dighes. The grain
may be popped and mixed with honey (laddoos), ground end made into flat
bread, or used in other forms. 7“ther specles of amarenths used for grain
are A. ciuentus (Mexicto) and A, caudata (Andean), While amarenth is
widely adapted, it is mainly grown in the mid and upper hills of western
Mepal in various cropping systems, particularly those involving meize, An

wndetermined amount of amaranth is exported to India where a good demend

for the grain hes developed.



Araranth is a Ch carbon pathway plent with a high level of photo-
syntnetic and water use efficiency., For these reasms 1t is particularly
well adapted to the drier westem foot hills of the Himalayas.

In Nepal, amarenthus is either grown as a mono crop or mixed with
other summer crops such as millet or summer beans. It 1s frequmtly
observed growing in patches bordering millets or cther summer uplend crops,
and on field bunds.,

Some of the important emaranthus species are described below:

1. A, hypochondriacus: This is the dominent specles found in Nepal
being used mainly for its grain., This specles was probebly
domest icated in Central Mexico and later brought to this part of
the world. It is considered the highest grain yielding type.

Seeds are white, tan, gold or brown in color.

2. A. caudatus: This apecles is mainly grown in South America as a
high ylelding grain crop. It 1s phctoperiodically sensitive, has
a narrow renge of adaptation and is more suitable to equatorial

regions. However, it may be useful for breeding purposes,

3. A.cruentus: This species is grown in Mexico as a grain crop snd
in West Africa as a leafy vegetable, Seceds tan be white, ten,

brown or blaca.

L, A. hybridus: Members of this species vary widely in their
morphology and use, Some types are leafy vegetables; some are
used as dyes; others are grown as ornamentals; and some are weedy

amaranthuc., The seeds of this species are white, brown or black,

S. A, tricolor, A. dubius, A. lividus end A, palmeril: These are

other forms of the upecies which may be_grown ns leafy vegetables
or ormnamentals depending on the regim and accustomed use.



APPENDIX II, ESTIMATED AREA AND PRODUCTICH OF FINGER

MILLET THROUGHOUT NEPAL 2035/36 (1978/79)

Areas in Hectares
Production in mt.

Finger Millet Average
Development Area/Districts ringer Bo--g Production
Aree Production
mt /ha
I, EASTERN REGION
A, Mid-to high hill
Agro~Eco, Zone
0l. Taplejung 1Loo 2300 1.64
02. Senkhuvasabha 2310 2860 1.23
03, Solukhumbu 1000 1100 1.10
Total: L4710 6260 1.33
3. Mid-hill Agro-Eco. Zone
0l. Pancanthar 3730 3360 0.90
02, Illarm 2430 2860 1.18
03. Terahthum 2120 2790 1.32
OL. Dhankuta k210 3970 0,94
05. Bhojpuw: 2000 2000 1.00
0€. Khotang 1110 1260 1.14
07. Ckhaldhunga 2200 2040 0.93
08. Udaypur 1400 1180 0,84
Total: 19200 19460 1,01
C. Teral and Inner Teral
Agro-tico. Zone
0l. Jhapa 900 820 0,91
02. Morang 1000 950 0.95
03, Sunsari 1020 11k0 1.12
0L, Saptari 870 720 0.83
05, Eiraha 2190 1420 0.65
Total: 5580 5050 0.84
EASTERN REGION
TOTALS: 29850 30770 1,03




APPENDIX IX., (Cont'd...2)

- 3 -

Average
Development Area/Districus Finger Millet Product ion
Area Production
mt /ha
II. CENTRAL REGION
A. Mid-to high hill
Agro-Eco, Zone
0l. Dolakha 900 600 0.67
02. Sindhupelchok 2930 3140 1.07
03. Rasuwa 480 460 0,96
Tot.al: 4310 4200 0.97
B, Mid-hill Agro-lco Zone
0l. Ramechhap 2370 1900 0.680
02. Sindhuli 2370 2Lov 1.01
03. Kabhre 1990 2490 1.25
OL. Ehaktapur 180 180 1.00
05. Lalitpur 1280 1100 0,86
06, Xathmandu 1400 1300 0.93
07. Nuwakot 1800 2600 1,by
08. Dhading 2010 2060 1,02
09. Makawanpur 2400 3360 1. ko
Total: 15800 17390 1.10
C. Teral and Inner Terai
Agro-Tco. Zone
0l. Dhanusha 2730 2530 0,93
02, lahottari 1420 1420 1.00
03. Garlehi 680 570 0,84
oW, PRautohat 550 480 0.87
05. Bara 280 260 0.93
06, Parsao 300 290 0.97
07. Chitwan 1200 1100 0.92
Total: 7160 6650 0.93
CENTRAL REGION
TOTALS: 271270 28240 1.0k




APPENDIX II. (Cont'd...3)

Average
Development Ares/Districts Finger Millet Production
Area Product ion
mt /ha
II1. WESTERN REGION
A. Mid-to-high hill
Agro.-Eco. Zone
01. Manang 550 570 1,04
02. Mustang 550 680 1,24
Total: 1100 1250 1.1k

B. Mid-hill Apro-Fco. Zone

0l. Gorkha 2700 2130 0.79
02. Lamjwng 5950 7170 1.21
03, Tenahu 5420 6800 1.25
oh, Kaski 7000 T700 1.10
05. Parbat 2250 2600 1,16
06, Syangja 7000 8Loo 1.20
07. Palpa 1940 1550 0.80
08, Myagdi 800 800 1.00
09, Baglung 1500 1770 1,18
10, Gulmi 1800 2230 1.24
11. Arghekhanchi 1800 2100 1,17

“Total: 38160 L3250 1.13

C. Terai and Inner Terai
Agro-Eco, Zone

0l. Nawalparasi 1360 1110 0.80
02. Kapilbastu kso 390 0.87
03. Rupandehi 6L0 480 0.75

Total: 2470 1980 0.80

WESTERN REGIOH
TOTALS: 41730 46480 1.11




APPENDIX II.

(Cont'd...h)

Average
Development Area/Districts - Finger Millet Product fon
Area Production
mt /ha
Iv, FAR-WESTERN REGION
A, Mid-to-high hill
0l. Dolpa 650 750 1,15
02, Kalikot T00 T90 1.13
03. Mugu 450 500 1,11
ok, Humla 700 800 1.1
05. Jumla 1300 11ko 0.88
06, Bajura 1000 1250 1.25
07. Bajhang 970 1200 1.2h4
08. Darchula 620 8oo 1.29
Total: 6390 7230 1.13
B, Mid hill Agro~Eco., Zoe
0l. Rukum 200 250 1.25
02. Rolpa 620 720 1,16
03. Pyuthan 1200 1400 1,17
04, Salyan 4300 4700 1.09
05. Jalarkot 1300 1560 1.22
06. Dallekh 1500 1800 1.20
C7. Surkhet 550 600 1.09
08. Acchham 900 1060 1,18
09. Doti 1300 1580 1.22
10, Baitadi 900 1060 1,18
11. Dadeldhura 1850 2220 1.20
Total: 14620 16970 1,16
C. Teraji and Inner Terail
Agro-Eco. Zone
01, Dang Loo 480 1.20
02, Ranke 9Lo 930 0.99
03. Bardiys 500 550 1.10
04, Kallall 1ko0 1400 1.00
05, Kanchanpur 500 560 1,12
Total 3740 3920 1.05
FAR-WESTERN
REGION TOTALS: 24750 28120 1.1k
NEPAL: 123640 133610 1.08




APPENDIX II, (Cont'd...5)

APPENDIX II, AREA IN PRODUCT BY REGION AND RANK

Tank
I, EASTERN REGIQN AREA CULTIVATED 29,890 1I
II. CENTRAL REGICN AREA CULTIVATED 27,270 111
II1I. WESTERN REGION AREA CULTIVATED 41,730 I
1v. FAR-WESTERN REGION AREA CULTIVATED 21&,750 Iv

DISTRICTS BY REGION ABOVE 2350 HA AREA IN CULTIVATICN

I. EASTERN REGION

A. Mid-Hill Agro-Eco, Zone

01, Panchthar 3730
02. Dhankuta 4210
03. TIllam 2430

CENTRAL REGIOM

A. Mid-H111 Agro-Eco, Zone

0l. Sindhupalchok 2930
02, Rameckhap 2370
03. Sindhuli 2370
0l, Makawanpur 2L0o

B, Terai and Inner Terai Agro-Eco. Zae

01, Dhanusha 2730

II. WESTERN REGION

A, Mid-Hill

0l. Kaski 7000
02, Syengla 7000
03. Lamjung 5950
04, Tanehu 5420
05, Gorkha 2700

III. FAR-WESTERN REGICH

A. Mid-Hill Agro-Eco. Zone

0l. Salyan 4300

GRAND TOTAL: 55540 = L4,9% of total




APPENDIX I1I. HUTRIENT COMPOSITION OF CEREAL GRAINS

(per 100¢)

Food Total Tryptophan Lysine
Name of :: Moisture Protein et carbo- Ca F P
foodgrain ?n 5 )g () (g) (¢) nydrate (mg) (meg) (=mg) (% of

cas {c) protein)
Rice 3Ls 13.7 6.8 0.5 78.2 10 3.2 160 1.0 3.8
Maize 355 12,0 9.2 3.9 73.7 20 3.5 256 0,6 1.9
Wheet 333 - 13.3 2.0 T1.0 L1 10,3 372 1.2 2.6
Millet 328 13.1 7.3 1.3 2.0 3LL 6.k 283 .39 2.19
Amaranth 391 9.3 15.3 7.1 63.1 190 22,4 LSS 1L 5.0
Buckwheat 335 11.0 11i.7 2.4 T2.9 11k 15.5 2& NA 3.95
Barley 336 12,5 11.5 1.3 69.6 26 3 215 NA 2.2

Source: Indian Farming, 1983
Central Food Laboratory, Kathmendu, Nepal

Indian Feood composition table, Hyderabad, India
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APPENDIX V-1

Cropping Pattern-Main Terai Farming System
FAR WESTERN DEVELOPMENT REGION

Weeks O 4 3 1C 16 20 24 28 IZ TE 40 44 43
100| georden type crops
an - 7 -
20 /o malze V4 murtsrd
er gonl 70 .’i
:} e L / minor ¢rope
L7XXY] 50 / p:‘dd“ / and fallow
wes 40_-"'_;7‘ /
30 l/ pulses
200 [
% 'g,/ / ‘[ / wheal

Cropping Pattern-Main Terai Farming System
MID WESTERN DEVELOPMENT REGION

Weeks 0 4 3 12 15 20 24 28 12 ix 40 44 48
'2831 qarden hypae c1-0ps
v !
00 ,
20 / matz / ,[ myustard ."
per cent "0 >
of ) minor 2rops
total ;0 and
aea x paddy [ fallow
;3 :—7 / "’ pulses ¢’
. {7 whs 3t

Cropping Pattern-Main Terai Farming System

Woske 0
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of

tetil
arey

%

100

3

WESTERN DEVELOPMENT REGION

312 16 20 23 23 32 35 40 44 48
s bype crops

%0
20
mn
(o]
5
40 i
3o

20

104

nu;tirg

'nnv;zrlmmst’

II. A'
/' paddy /

/ L pteer

/' / .;"

3 )

0 b double patdy
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APPENDIX V-2

Cropping Pattern-Main Terai Farming System
CENTRAL DEVELOPMENT REGION

wesks 0 4 8 12 15 20 24 25 32 I6 45 44 43

100 mor B gard=n Type crops

) ZFnqer millel ~~

30}, matze 7 7 mustsrd
por cent 79 / !
of 60 £ -~
. < ! ! pulzes 3
total 40 ! paddy A - ;. _
A 1 / 5" wheat khet /

20 ! /' tnaize or poiats e

n .
2 '6 doublv paddy + double paddy

Cropping Pattern-Main Terai Farming System
EASTERN DEVELOPMENT REGION

weeks 0 4 8 12 15 20 24 2% IC IS5 40 d4 a3

Pl myrsr & gacden bype crrops
:g -————._.._;’ finger mille! " _
1y [T tmmaistard : : :
r ocnt ;
if 60 / /
s ;
0t n / ;
Irea 19 : /
30 / L
P / [__pulzes I
10 / . :
" A~ ouble paday L whes

Cropping Pattern-Middle Mountain Farming System
FAR WESTERN DEVILLOPMENT REGION

Week: 0 4 2 12 158 20 24 2% 32 ITh Ly ad 43

tO0

"‘0 minor & garden type crops

U fingse millator L0 L pskbe wheat or 1)ilows

s

pavho paddy
per cent 0', barleuy

a

of o C tnarze : fakhn whest or {allow
total 20 H ;
[} ’.0 ! ;l ‘{
area 703 2’ N
Y] ,.’ patly !
1ob— / i - pulsas
B g { - wheat |
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APPENDIX V-3

Cropping Pattern-Middle Mountain Farming System
MID WESTERN DEVELOPMENT REGION

Wesks 0 4 8 12 15 20 24 23 32 36 40 44 4R
100

o
bk = ; .
20 ;—/—// finger mille '/ harler

a0 /
per et ¢ maie i

. S0 / ; f’ whest £ pakhal !
i1 L r / 1 . !
ared 0 / /
20 ? paIcy i
of / / J whest( het )
% / /

D)

minar % jarden type crnps

Cropping Pattern-Middle Mountain Farming System
WESTE Y DEVETLOPMENT REGION
weeks 0 4 B 12 15 20 24 25 32 36 40 44 49

100 “

?Ol minor_& 23rden type srepe

| /' maize / /lmuslard ya
I m / L__pulses ——taor—heal pakho —
o 0 / finger millet /’

m / /
total - / /

40 /
ra 10 /

: ] paddy

21 _maize bhet |

19}, / f

% 5 J ‘{ whe it

Cropping Pattern-Middle Mountain Farming System

CENTRAL DEVELOPMENT REGION

Weeks 0 -4 &6 12 16 &0 4 23 Nl T4 40 44 48

130r >
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- 7
130} / /
A p——tulye g ——e —
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' l -
»f el N wheal bbb —
taral g - \
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N is s ! —pntyhy ———
U qu-o y p‘v.‘d'.l // T
H b !
L
B ol Joubls oty
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APPENDIX V-4

Cropping Pattern-Middle Mountain Farming System

EASTERN DEVELOPMENT REGION
deske 0 4 3 12 16 20 24 25 T2 I6 40 24 43
N
‘,l;g[ minar £ qard=n s eraps
30| / !
70 .
per cent . o maize / butkwheat or rnstard
of 0| / S
oty | ¢/ finner millet :
r 10 / .
area an :mJIZ? -7 l'.
?0 [putecs & Porita prdty {pilzes & potalo
% Jo—
0“—__—_'“-!3'1019 pady

cropping Pattorn-Middle Mountain Parming System
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Cropping Pattern-iligh Mountain Farming System
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APPENDIX VI. SOME IMPORTANT DISEASES OF HILL CROPS

€.1 Finger Millet

Blast caused by Pyricularia 8p is e major destructive leaf disease of
finger millet in the hills and inner terai areas. The disease has caused
encrmous loss of finger millet grein yleld. The damege is particularly
high if the infection occurs in the seedlings before transplanting,
Although an accurate estimate of loss has not been made, the disease may
cuuse not less than 10 percent reducticn in yleld overall. In other
comntries blast hes teen reported to cause as much es 80 to 90 percent loss
in grain yleld, Moderately hig or temperat ures (29-3000) favor the disease

and seedlings are rore susceptible thun mature plents.

Leaf blight caused by Helminthosporium nodulosum. The disense occurs
both in the Lills end teral but the incidence is quite low compared with
blast diseese, Disease symptoms occur mainly on leaf blades a8 verying
size brown spots or lesions. The lesions ere asB0 observed on stems, leaf
sheath and spikes in severe cases. The disecase has been atudied very
little in Hepal.

Foot rot and Wilt caused by Sclerctium rolfsii: Recently the disease
wvas recorded in the teral areas and the incidence is very sporadic.

Symptoms of the disease appear as pale green amd stunted plants, but the
domege 18 insignificant. However, it may flare up in wet soils with
susceptible varieties.

6.2

;

Yellow rust caused by Puccinia striiformis, Thia is one of the most
destructive follage diseases of barley. It ie mainly prevalent. in the
hille. This rust is o disease of cool climates with average temperatures

of about 150\‘,‘ end intermittent rain or “ow. As the name indicates the
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pustules of tie rust are linearly orcered on leaf blades and leaf sheaths
and they are yellow in color. In Kathmandu valley, there is hardly eny
variety which is resistent to the disease. In one of the experiments on
yleld loss in barley, the disease is known to csuse obout 25 to 30 percent
yield losa and £0-25 percent reduction in 1000 grain weight. The loss due
to the diseesc depends on growth stage vhen the crop is attacked.

Powdery mildew caused by Erysiphi praminis. Powdery mildew ie ancther
importent leaf disesmse of barley. It occurs in areas of high humidity and
moderate temperatures of 15-20°C, The Incidence of the disease is higher
in the hills than in terai areas, This mildew causes damage to the leef

and other folier parts. In pevere casen, the whole plant except the root 1is
infected, losa estimation has not been carried out. However, ir the
infection cccurs at the seadling stage, plants will not head nor produce
grains,

Covered smut caused by Ustilago hordei. Covered smut i3 un endemic
disease of barley. It occurs both in the higher hills and lower valleys
und in the foot-hills of Nepal., The disease is quite distinct in causing
damage to the head which becomes smutted. The disemse incidence increases

each year if proper cuntrol meesures nre nct taken - especially seed
treatment, The logss of -cain yield is directly proporticnal to the percent

of smutted heads. A& noderate cliimamte is favourable to the disease.

Barley stripe caused by Pyrenophora granines is the next importent
leaf diuvease of berley. As the name indicates, the characteristic symptom
is leafstriping. The disease is seed borne end is favored by o soil

temperature not exceading 15°C. Because of its low tempurature requirement,

the disease is quite common in the higher hills and has caused congiderable

damage.

Spot blotch caused by Cochliotolus sativas 15 also en importent leaf
dieease of barley. The pathogen causing the disease may be dissaminated
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through seeds and soils or by meens of alr if the temperature is 20% or
higher. With vet weather, epidemice may occur, The disease is more commot
in lover valley regions. The disease has not caused more than 10% yleld
loss in any case,

6.3 Buckwhesat

Some of the listed dalseases of buckvwheet are as follows:

1. Powdery mildew: caused by Erysinhe polygm

2. Leaf blight: caused by Cercospora fagcpyri
3 Leuf spot: caused by Ascochyte italica

Syetemic studies have nct yet been dene on the buckvhest diseases
listed sbove,

6.4 Amarsuth

1, Blight: Alternaris amarunthi (not yet studied).
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APPENDIX VII, DESCRIPTIONS OF HILL CROPS REGEARCH CENTERS VISITED
DURING PREPARATION CF THE HCIP PROPOSAL

A, LUMLE AGRICULTURAL CENTRE

The Station

Lumle Agriculturec Centre is located about 12 miles from Pokhara town
which is the headquarters for the Western Develorment Region., The farm is
located on a south-facing slope aad is adjacent to Lumle and Kende Villages
mostly inhabited hy Gurung and Brahmin communitize. The main occupation of
the eres 18 farming upland crops like meize, millet, wheat and barley; and
rice in the valleys,

The Centre (LAC) is on the tourist trekking route - Pokhara/Jhomsom
Trail. In the near future, an ell weather mctorable road tetween Pokhara
and Baglung will be constructed which will be within a half hours drive
from Pokharae, a large city with el)l necessary facilities.

Location end Environment

Panchayat: Lumle Gaon Panchayat
District: Kaski
Elevation: 1700 meters
Total srea: 57 ha
Cultivated area: 19 ha
Temperature:
- Summer: 23.1°C md 16,6°C
- Winter: 12.9°C and 5.1%
Annual precipitation: $000 mm
Soil type: variable
pH range: 4,5 to 5.5
Irrigation: not aveilable
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Physical facilities:

Adequate reteorologicel facilities

Store house: available

Threshing floor: available

Electricity: currently run by diesel generator

Office building: several (totel of 80 separate buildings on the site)
Fesidential building: awvailable for LAC staeff

Current Activities

The LAC follows en integrated approach in crops, livestock, horticulture,
and forestry in which the fields of extenaian, training and research are
closely meshed., This center focuses attentim mainly on the adjoining
districts,

Special Recommendation:

Given the existing facilities at LAC, it's proposed road linkage
between Pokhara and LAC, as well as the accessibility of several diverse
agro-ecological sites, we strongly recommended that LAC be chosen as the
mein center for the proposed Hill Crop Improvement Program.

B. JWMLA AGRICULTURE FARM

The Farm and Surroundings

The Jumla Agriculture Farm is located within Jumla Khalengs Bazaer and
is mainly inhebited by Drehmins, Chhetris, Thekuries, some Mugels ond
others. Jumle Khalsnga Bezaar 1s alsu the headquarters for Kamall Zone,
The major occupation of the area is farming and growing of subsistence
crops. Some temperate fruit crops are also grown for off-farm sales,
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Location and Mvironment

Panchayat: Mahat Gaun (village) panchayat
District: Jumla
Elevaticn: 2290 meters

The farm is located at the river basin within the vicinity
of Jumle Khalsnga Bazaar

Total area: 1.6 he
Temperat ures:
Summer: 23,9°C and 13,8°C
Winter: 1L.0° end L.7°%
Annual precipitatien: 700 mm
Soil type: Silty loam
pH: 6.0 to 6.5

Irrigation: Yes

Physical Facilities

Agro-metecrology: available temperature recorder, rain gauge,
gswshine recorder, enemcmeter, hygrothermograph, eveporetion pan,
§0il thermometer

Store house: two

Threshing floor: me

Electricity: yen

Office bullding: three

Residential housing:

me family house

two single house

Current Activities

Different experiments and trimls: Summer - U
Winter - 7
FFT -2
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Seed multiplication:
Summer = 0.5 tons
Winter = 1,5 tcns

Training: L sessions per year

Local Amenities

Schoole: one high school and one technical school run by United
Mission to Nepal

Post Office: yes

Health post: one district hospital

Alr strip: yes, stout a kilometer from the farm

Requirements for the Farn

The Jumle Farm requires considerable development to eerve the HCIP:
{1) vesidence (10 staff), {11) threshing floor (cacrete) ({i{) two zinc-
roofed stores, (iv) cne laboratory for soils end plant protectien,

{v) more lend - 3 to b ha, (vi) wheat threasher and (vii) small pumping
set.

C. MARPHA AGRICULTURAL FARM

The Furm and Surrowndings

Marpha Agriculture Center ic basically a horticulture center intended
for termperate fruit end vegetable development, The farm is located
facing east cn the Kall Gandaki river basin surrowmded by high
mountains on the east and west sides. The swrounding areas are
mostly inhabited by Thakalies and cther Tibeto-Burman ethnic groups,
The station lies on the main trekking route of Pokhara~Jomson Trail,
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Main occupatimn: farming and partly tourism.

Cash crops: temperate fruits and vegetables.

Other crops: Naked barley, buckwheat, potato, wheat, mustard, beeans
end cthers,

Location and Environment

Panchayat: Maspha
District: Musteng
Elevation: 2550 meters
Total area: 3,75 ha
Temperst ure:
Surmer: 20°C and 12°%
Winter: 10°C end -1.7°C
Annual precipitation: LOO mm
Soil type: Sandy loanm to loam
pH range: 7.0 to 8.0
Irrigation: available

Physical facilities

Agro-metecrology: available temperature recorder, rain gauge,
swmrhine recorder, anemometer, hygro-thermograph,
s0il thermometer, cther.

Store house: 2-3

Threshing floor: 1-2

Electricity: run by hydro-powver of (260 kW)

Office building: 1-2

Residentiel building: exists

Current activities: following an integrated approach in horticulture

and crops improvement in both research and
extension. The focus is mainly on the surrowding
areas of Mustang district,
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Fm;'g Reection to Barley and Buckwheat Improvemeat Program

Fermers in this area with its present horticultural growth potential
and future road linkage are more inclined towards cesh crops like fruits
and vegetables, Hence, the question ray arise whether the farmers of this
region will readily accert a cereal crc¢r» development program. In addition,
they already have satisfeactory ylelds of barley and buckwheat with locel
cultivars, On the basis of this limited survey, it is felt that the farrers
of the regim will be interested in supporting the program enly if they
obtain superior high ylelding varieties of barley and buckvwheat.

D. KAVRE AGRICULTURE RESEARCH FARM

The Kavre Farm was visited by the Extemel Consultent in April 1985.
It is located 165 ku east/northeast of Kathmendu at the end of a slov,
tortuous drive (end paved road). rrom the village above the Ferm it is a
good hour's trek down to the site. The Farm itself is in e pleasant setting
in important growing areas for millet end buckwheat at about 1700 m and
with 1900 mm ennual precipitation. Good cropas of wheat end triticale were
observed at the time of the visit. Also, meny farmers in the vicinity hed
planted buckvheat, but tha shortage of winter rains had greetly st unted
growth so that the crop wes beginning to flower with less thun six inches
of growth,.

Facllities

Kavre Farm has very minimal facilitieo even for a hill stetion. There
is a large threshing floor and some old residences and office buildings.
Two new = 2-gtory buildings were under costructicm, but were rather crude.
They were not wired for electricity nor fitted with a vater system.
Cultivation is dme by animal draft and partly by hand., Approximately
13 ha are under cultivation and partially irrigated.
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Recommendat icn

Kavre is reprecentative of an important hill area in the Central
Suplene It will be perticulerly useful for regsearch ca millet, barley end
buckwieat if facilities ere provided. Most urgent needs would Ye for staff

residencees, office and stores.

Kavre is not suitable as a coordinating cenler on accomt of its
remoteness, lack of road access, wevailability of electricity, end
dirriculty of commwnicetion. The need for the Coordineator and cther senlor
ofticere to travel froquently to several hill crops stations and nites
would becoms difricult end time-consuming. Other problems are lack of
'reasonable' amenities like schools, hospitels and a stimuleting
intallectual environment.

E. RAMPUR AGRICULTURE STATION

The Rampur Gtatian was visited twice by the External Conswltant; in
April 1985 and again on April 25, 1986, It is located in Chitwan in the
Inner Terai end on a good paved roed sbout four howrs from Kethmendu. The
elevation is 228 m and annual reinfell is about 2000 rm. The lend sree is
ample with about 220 he under cultivetion both at the maize statim and at
thy Institute of Agricultural end Animal Science (IAAS). A remge of soil
types is available from gravelly sendy loem to hnavier silty soils suitable

for paddy rice.
Facilities

The Rampur Station is one of the best endowed centers in Nepal. It
1s located near a major highway network, is on the electric power grid,
he.s rccess to e telephone network, enjoys geod supplies of domestic and
irrigation water, and has ample cultivated land. There are several

recidences, offices, stores and other facilities. Moreover, there i8 a
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Recommendation

Kevre is representative of an important 1ill area in the Central
Region, It will be particularly useful for regearch on millet, btarley and
buckwheat if facilities are provided, Most urgent needs would bte for staff

residences, office and stores,

Kovre is not suitaeble as & coordinating center on accouwnt of its
remoteness, lack of road access. wnavailebility of electricity, =nd
dirficulty of commwnicetiom., The need for the Coordinator and other senior
officers to travel frequently to several hill crops staticas and sites
would become difficult and vime-consuming, Other problems are lack of
trapsaneble! nmenities like schools, hospitals and a stimulating
intellectual environment.

E. RAMPUR AGRICULTURE STATION

The Rempur Station was visited twice by the External Cmsultant; in
April 19685 and egain on April 25, 1986. It is located in Chitwen in the
Inner Terai and an & good paved road ebout four hours from Kathmendu. The
elevaticn 1s 228 m end annual re’nfall is about 2000 mm, The land aree is
ample with about 220 ha under cultivaticn bot . at the malze statiom and at
the Institute of Agricultural and Animal Science (IAAS). A renge of soil
types is available from gravelly sandy loam to heavier silty soils suitable
for paddy rice,

Facilities

The Rampur Station is one of the best endowed centers in Nepeal., It
is located near & major highway network, is on the electric power grid,
has access to & telephone network, enjoys good supplies of domestic end
irrigation water, and has ample cultivated lend. There are several

residences, offices, stores and other facilities, Moraover, there is a
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large academic community with the neurby IAAS end the horticultural station
at Yagyapuri.

Recommendat ian

The need for a center in the teral and Inner Terai for hill crops
research is seccndary to that of the cther main stations in the hills.
Nevertheless, it will be necessary to test and evaluate some crops in &
plains envircnment - especiually millet end barley. Rampur, belng
representative of both the Terai and Inner Terai, is ideal for this
purpose. Therefore, the HCIP should statiom cne G-IIT officer with some
technical assistance to carry out the necessary put minimal testing of
hill crops in the region. Very little if any facilities or equipment would
be needed at the station.
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APFZNDIX V(II, THE (N-GOING RESEARCH PROGRA!M (1986)

Finger Millet

1. Introduction of Local and Exotic Goroplasm, Evaluation and Disease
nursery.

2,  Initiasl Evaluation Trials, (1BT)

3. Advanced Varietal Trials (Mono end relay) (AVT)

L. Effect of Phytohormens Treatment of Finger Millet Seed

5. Minikit distributicn and Ferrer's Field Trials (Mono and reley)

6. Date of Seeding Trials

Ts Veriety cum Fertilizer Trials

Barley

1.  Introduction of Local and Exotic Germplasm. Evaluation and Digease
nursery.

2, Initial Evaluation Trials

3+ Advanced Varietal Trials

L. Ovservatim Nursery

5.  Farwer's Field Trial

6. International Barley Yield Trials (ICARDA).

Buckwheat

1, Introduction of Local end Exctic Germplasm. Evalustion end Disease
nursery,

2. Cbservaticn nursery

Auaranthus

1, Introduction of Local eand Exctic Germplasm., Evelustion and Disease
nursery.

2. Initial Evaluation Trials

3. Observation Nursery.
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THE CC SULTANCY

B. oDATA OF EXTERNAL CONSULTANT

Kenneth 0. Ruchie. Ecrn on Occober 15, 1923 and reared an e farm in south-
vestern Minnesota, e completed B,S5c¢., M.S. aud Ph,D., degrees in Plant
Breeding and Agronory at the University of Minnesota (1954). He then
Joined the University orf Arizona as a forage crops specialist and served as
Professor of rield Crops et ibu Ghraib College of Apriculture near Baghdad,
Iraq, for one yeur, (UA/USAID centract). On Cctcber 1, 1555 he Joined the
Rockefeller Foundatica te serve in the following capacities,

~ Plant geneticist, sorgium end Millets; Mexico (1955 - ST) and
India (1957 - 67).

- Professor of Plent Breeding: Makerere University, Kampala, Uganda
(1968 - 1971).

~ Assistent Directer and Progran Leader, CGrain legume Improvement
Program: IITA, Thaden Nigeria (1971 - 75).

- Assoclegte Dirzchor General (Resesrch): CIAT, Cali, Colombia
(1975 - T78).

- Program Officer (Associnte Officer, Associate Director): The
Rockefell?1 Fowmda-ion, New York (1979 - 16823,

- Chief of Party, Sumatra Agriculture Research Project (USAID/IADS
contract) - Pedang, VW, fumctia, Indonesia (1982 - 198k4).

Rachie has also served c.. several short term mis.ions of four weeks or
longer with the Fockel:1l2r Tewndation, IADS, USAID and World Bank to

Higer, Ethiopia, "Jgenda (1980), mninlond China, Zambie, Nepal, Burkina
Faso, and Jamaica. MajJor recearch accomplishments include: contributims
to the development of sorghum and pearl millet hybrids in India; tropical
cowpean, soybeans, and pigeonpeas at IITA (Nigeria); and in establishing
intermnational collections of sorghum, millets, and tropical grain legumes,
Other activities have involved agricultursl research administration end
grants-in-aid in support of plent research. He retired from the Rockefeller
Foundation after 29 ycars of service on September 1, 1984, At present, he
holds two part time appointronts: (1) Winrock Intemational Senior Assocliate,
and (2) Univeraity of Florida Adjunet Professor of Plant Pathology.



DATE
April 5 - 6

April 7

April 8

April 9 a,m,

April 9 p.m.

April 10

April) 11 a.m.

EXTERNAL CONSULTANT ACTIVITIES

April 5 - May 8, '86

ACTIVITIES AND CONTACTS

Travelled from Clermont, Florida to New Delhi, Indie,
New Delhi: Ccnsulted with K.W. Riley, IDRC Program
Officer; and G.B. Baird, Winrock Intematimal
Representative,

Travelled from New Delhi to Kathmandu; consulted with
C.H. Hittle, ARPP/Winrock Intemational,

Meeting in Agriculture Botany Division at Khumltar
on hill crops program with:

- Gopal R. Rajbhendary, Chief Agriculture Botanist
- Kishore Sherchand, Agriculture doteny Division
- Deep Man Sakya, Agronomy Division

-~ Badri Kayastha, local consultent

- Tek Bshadwr Shrestha, local consultant

~ C.N. Hittle, ARPP/Winrock Intemeatimal

Met with P.P. Gorkhely, Director General ~ HMG/DOA end
C.N. Hittle, ARPP/WI,

Travelled to Pokhara with K. Sherchend, D.M. Sakya and
K.M. Singh; visited the Gorkha District and town; end
toured the Khairenitar Agricultural Fana:

- R.C. Gupta, Officer-in~Charge

- Madhav Joshi, Agronomist

-~ S.K. Adhikary, Engineer

- P,L, Fedon, Mmpower Development (GTZ)

Travelled to Pumdi Bhumdi, Farming Systems Program

Site, met with N,B. Chhetri, Y.P. Caw.am and B.K,
Singh,
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April 11 p,m. Travelled to LAC (Lumle) partly by road (to base camp)
‘and by trek.

April 12 - 13 Visited LAC and met with:
~ Chandra Kumar Seh. Agronomist
-~ Graham Gerrod, LAC Manager
~ Kenny Bell, Planning Unit
- Mg, M, Buchanan-Smith, Planning Unit
~ Jagndish Raj Barasl, APROSC (Kathmandu)
- Heatriz Del Rosario, PCARRD {Philippines)
- Shyam K. Paudel, APROSC
April 14 - 15 Kat hmandu -~ met with:
- Gary E. Alex, USAID/N
-~ C.N. liittle, ARPP/WI
- S5.5. Bal, ARPP/WI
= R.C. Hawkins, ARPP/WI
~ R.Q. Lacsina, ARPP/WI
April 16 Khumaltar - met with:
- K. Sherchand, Agriculture Botanr bivisiom
- Tej Prasad Giri, Farm Manager - Svuvkhet

- Chandra B. Kerki, Division of Plant Pathology

April 17 - 22 Kathmandu/Petun ~ worked on report in collaboration
with K. Sherchand and WI.

April 23 Khumaltar - met in Divisien of Agriculture Botany
with:

- G.R. Rajbhandary, Chief Agri, Botanist

~ K.C, Sharma, Chief Entomologist



April 24

April 25 - 26

April 27

April 28

A]n‘il 29 a.,nm,
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« P.M, Amatya, Chief Plant Pathologist
~ Ranjit Sheh, Chief Soil Scientist

-~ L.R. Pathek, Soils Sclence

" = D,B, Tamsng, Agronomy

- D,M. Sakya, Agronomy
-~ K. Sherchand, Agri. Boteny
- C,Hl, Hittle, ARPP/VI

Kathmandu - met with H. Jesse Dubin, CIMMYT/ARPP to
discuss Barley Producticn,

Kathmendu - worked cn report end had meeting on
research stations and sites with:

-~ K. Sherchand, Agriculiure. Boteny

= Tek Bahadur Shrestha, locul consultant

« D.M. Sakya, Agrcnomy

Khumlter ~ meeting with:

- K. Sherchand, Agricultural Boteny
- DM, Sakya, Agronomy

- C.N, Hittle, ARPP/WI

- K.W. Riley, IDRC (new Delhi)

Travelled to Rampur Agricultural Station to inspect
headquarters site for Grain Legumes with:

~ M,P. Bharati, Agronomy
-~ K.W. Riley, IDRC
~ C.N. Hittle, ARPP/WI

Kathmandu - meeting et Directorate of Agriculture
with:



April 29 p.m.

April 30
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A.M, Pradhanung, Deputy Director General, DOA
G.R. Rajbhandary, Chief Apri. Botanist

K. Sherchund, hgri. lotany Division

M.P. Bharati, Agronomy Division

K.¥, Riley, IDRC

Khumalter - meeting on IDRC funding for HCIP with:

G.R. Rajbhandary, Chief Agricultural Botanist
K. Sherchand, Agri. Botany Division

K.W. Riley, IDKC

Khumaltar - final meeting on the HCIP proposal with
Divisien Heeds and cothers:

G.R. Fajbhandary, Chicf Agri, Botenist
K.C. Sharma, Chiief Entomologist

P.M. Amatya, Chief Plant Pathologlst
M,P. Panth, Chilef, Farming Systems Division
JoRe Joshi, Agronomy |

D, Joshy, Soil Science

J.C. Gautam, Project Coordinator, ARPP
L.R. Pathak, Soill Science

Bimal K. Baniya, Agri. Boteny

Ashok Mudwary, Agri. Botony

K. Sherchand, Agri. Botany

D.M. Sakya, Agronomy

D.B, Tomang, Agronomy

Tek B, Shrestha, local cosultant



May 1 - 3

May b

May 5

Mey 6 - 8

C.N.
G.E.
Hodo
R.C,
W.He

K' o‘
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Hittle, ARPP/WI
Alex, USAID
Dubin, CIMMYT
Havkins, ARPP/WI
Freemsn, WI

Rachle, WI

Kathmendu - worked «n hill crops report; met with
K., Sherchend, C,N. Hittle end cthars.

Kathmandu - meeting on hill crops proposal with:

A.M,

G.R.

J.C.

C.l.

Pradhanang, Deputy Director General (Crons)
Rejbhandary, Chlef, Agri. Botenist
Gautam, APFP Project Cocrdinator

Hittle, ARPP/WI

Travelled to Kakani Agricultural Farm

B.Kc

CIN.

Baniya, Agricultural Botany

Hittle, ARPP/WI

Completed report. Left for Indies ard USA.



