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ABOUT THIS REPORT

This is the 20" technical report produced from this Centre since 1984. Unlike the
earlier reports that were based on calendar years, the present report follows the
RGOBG6s financi al year t hat runs from
crops sown in November and harvested in April-May with respect to winter crops
like wheat, oil crops and vegetables. The summer crops are mostly planted in
June-July and harvested in October-November. Some experiments are reported
completely while others are ongoing and interim results are reported.

This report follows the style of the preceding reports, wherein program-wise
presentation is followed. For instance, results from the Field Crops research are
presented followed by Horticulture, Livestock, Forestry and Systems Resource
Management.

Abbreviations used in this report are listed in the following pages. The report uses
the International System of Units (SI) with few exceptions. Control or check
normally means an untreated control. Grain yield is calculated as rough rice at
14% moisture content (mc), wheat at 12% mc and oilseeds at 8% mc.

Yield refers to grain yield unless otherwise stated. Fertilizer amounts are given in
terms of elements (N, P, K, Zn etc) and not in the older conventional oxide
formulations.

Pedigrees are indicated by a slant bar (/) rather than by multiplication sign (x).
Unless otherwise stated, the morphological characters of rice and insect pest
damages are based on scales in the
published by IRRI, Philippines.

About this report
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ABOUT THIS CENTRE

Established in 1982 as the Centre for Agricultural Research and Development
(CARD) basically to undertake research on rice and rice-based crops, it was
renamed as the Renewable Natural resources Research Centre (RNRRC) in
1995 to incorporate research on livestock and forest that are inseparable
components of the Bhutanese farming systems. The Centre is located at Bajo
(1300m) in Wangduephodrang, which is about 70 km west of the capital
Thimphu.

RNRRC Bajo is designated as the co-ordinating Centre for Field Crops (cereals,
oil crops, and legumes) Research and Water Management Research at the
national level. At the regional level, this Centre is mandated to undertake relevant
research for its client Dzongkhags of Wangduephodrang, Punakha, Gasa,
Tsirang and Dagana in arable agriculture, livestock and forestry. The Centre has
a 64 ha research farm. Recently, the facilities of the Centre have been upgraded
with the construction of the new administrative cum laboratory building.

The Centre undertakes an intensive program of research and extension through
its on-farm research program; training of extension personnel and farmers; and
other interdisciplinary activities both at the national and local levels. It introduces,
adapts and develops technologies suitable for the local agro ecological
environments and helps farmers raise their standard of living through increased
incomes and sustainable farm production. Research is based on the policy
guidelines of problem orientation, disciplinary and inter-disciplinary focus,
relevance, environmental and institutional sustainability and equity. Research
strategies aim at improving the productivity, profitability, stability and
sustainability of farming systems while conserving the fragile environment and
fostering development of an integrated crop-livestock-forest system.

RNRRC Bajo receives technical support and improved germplasm from IRRI,
AVRDC, CIMMYT, ICRISAT, ICARDA, CIP and a number of other regional
agricultural institutes. In addition to the RGOB core budget for recurrent
expenditure, the Centre also receives support in the form of field and laboratory
equipment, vehicles, technical expertise etc. from IDRC-SDC through EPINARM
project, RNR-ESP, BG-SRDP, BUCAP through NBC, CIRAD and other
development projects of the region.

Mailing address:

Renewable Natural Resources Research Centre
Bajothang, Wangduephodrang, Bhutan

Phone: (PABX) : 975 2 481209

Program Director: 975 2 481361

Fax: 975 2 481311

E-mail: sduba@druknet.bt

About the centre


mailto:sduba@druknet.bt

\ RNRRC BAJO ANNUAL REPORT 2004 -2005 Pageviii
RESEARCH AND SUPPORT STAFF
Name Qualification Designation

Sangay Duba

MSc. Agronomy

Program Director

Tayan Raj Gurung

MSc. Agriculture Systems

Sr. Research Officer

Mahesh Ghimiray

M. Phil. Plant Biodiversity

Program Officer

M.P Timsina*

BVSc. &AH, Vet Science

Program Officer

Gyambo Tshering M. Phil. Horti Science Program Officer
Singye Phub MSc. Agriculture Extension |Research Officer
Sangay Wangdi’ BSc. Agriculture Research Officer
Thinley Gyamtsho B.Eng. Environment Program Officer
Doley Tshering MSc. Tropical Forestry Program Officer

Yonten Gyamtsho

MSc. Plant Biotechnology

Extension Program Officer

Karma”

BSc. Agriculture

Assistant Research Officer

P.P.Nepal

Diploma in Agriculture

Asstt Extension Program Officer

Kencho Wangdi*

BSc. Agricultural Economics

Asstt Research Officer

Dhurba Das Chettri®

Diploma in Agriculture

Research Assistant

Dawa Zangpo

Diploma in VSc. & AH

Administrative Officer

Yeshey Diploma in Agriculture Research Assistant
Dawa L. Sherpa PG Diploma in Animal. Prod. Research Assistant
Dawa Dema Diploma in Agriculture Research Assistant
Tsheten Lhundup Diploma in Agriculture Research Assistant
Kalpana Rai Diploma in Agriculture Research Assistant

Aita Kr. Bhujel

Diploma in VSc. & AH

Research Assistant

Tanka Maya Pulami

Diploma in Agriculture

Research Assistant

Meena Devi Dhungyel

Diploma in Civil Engineering

Research Assistant

Neelam Pradhan

Diploma in Agriculture

Research Assistant

Rinzin Dorji

Diploma in Forestry

Research Assistant

Kinzang Dorji

Diploma in Forestry

GIS Technician

Yograj Chettri

Diploma in Forestry

Research Assistant

Zangmo Diploma in Agriculture Research Assistant
Jigme Norbu Diploma in Agriculture. Research Assistant
Sangay Gyeltshen Diploma in Office Mgt. Store In charge
Kencho Dorji Diploma in Accounts Accountant
C.B.Tamang Certificate in Agriculture Research Assistant
Ugyen Tshering’ Certificate in Agriculture Lab Assistant
Ugyen Tashi Driver

Passang Wangmo”

Certificate in Office Mgt.

Office Secretary

Namgay Lhamo

EPABX Operator

Nidup NDTS Trained Driver
Tenzin Loday - Driver
Hemlal Kattel AMC Trained Driver
D.R Pradhan NDTS Trained Driver
M.B Rai - Driver
Bago - Messenger

~On study leave
A Transferred

Personnel




‘ RNRRC BAJO ANNUAL REPORT 2004 -2005 Pageix

ACRONYMS

ADLO Assistant Dzongkhag Livestock Officer

AET Advanced Evaluation Trial

AVRDC Asian Vegetable Research and Development Center
AEPO Assistant Extension Program Officer

a.l. Active ingredient

BL Blast

CAN Calcium Ammonium Nitrate

CARD Centre for Agricultural Research and Development
CIMMYT International Maize and Wheat Improvement Centre
cm centimetre

CVv coefficient of variation

DAT Days after transplanting

EPO Extension Program Officer

FFS Farmer Field School

FLW Flowering

FYM Farmyard manure

gm gram

ha hectare

P.ht. Plant Height

ICRISAT International Crops research Institute for the Semi-Arid Tropics
ICARDA International Centre for Agricultural Research in the Dry Areas
IDRC International Development Research Institute

IET Initial Evaluation Trial

IPM Integrated Pest Management

IPNS International Plant Nutrient Study

IRRI International Rice Research Institute

K Potassium

LSD least significant difference

m meter

MAT maturity

MoA Ministry of Agriculture

MP Murate of Potash

MPTS Multipurpose Tree Species

N Nitrogen

NASEPP National Seed and Plant Program

NPPC National Plant Protection Centre

No. Number

n.s. Not significant

P Phosphorus

PET Production Evaluation Trial

PRET Pre-production evaluation trial

RCB Randomised complete block

RGOB Royal Government of Bhutan

RNRRC Renewable Natural Resources Research Centre
s.e. Standard error

S.E.D. Standard error of difference

sgm. Square meter

SSP Single Super Phosphate

Acronyms



‘ RNRRC BAJO ANNUAL REPORT 2004 -2005 Pagel

EXECUTIVE SUMMARY
FIELD CROPS

Field Crops Research program aims at increasing and sustaining the productivity
of cereals (Rice, Wheat, Maize and minor cereals), oilseeds (rapeseed-mustard)
and grain legumes (Soybean, Groundnut and Mungbean) through identification,
adaptation and developing appropriate and affordable technologies. Researches
are being done in both on-station and on-farm in collaboration with concerned
extension staffs and co-operative farmers.

The variety selection criteria for Rice are the yield potential, medium height of
100-120 cm, medium maturity of 130-150 days and resistance to prevailing pests
and diseases. In 2004, AET consisted of 20 entries including the checks. From
the entries YOU MI 18 yielded the highest with 7.77 t/ha. Zakha, the local check
yielded the lowest with 5.8 t/ha. IET consisted of 24 test lines including the
checks. Statistical analysis of grain yield showed that NR 10353 was the highest
yielder with 7.53 t/ha followed by NR 10291 with 7.35 t/ha. The other promising
lines were also selected for further evaluation. 56 entries from the Observation
nursery of IRRI-INGER program were evaluated and selected in addition to bulk
selection from 14 crosses.

The On-farm trial had 3 mid altitude rice varieties laid out in different mid altitude
regions. B2983B-SR-85-3-2-4 yielded the highest with 5.54 t/ha followed by SPR
87036-7-1-1-2 with 5.52 t/ha and GUOJING 4 with 5.09 t/ha. They will be further
evaluated.

Wheat trial consisted of observation trial of 207 Nepal Advanced Lines (NAL) to
assess its performance under Bhutanese agro-ecological conditions in terms of
yield, disease resistance and other agronomic traits. Amongst the lines
ANNAPURNA-1 yielded the highest with 5.5t/ha. Out of 8 varieties of BARI
wheat, Kanchana was the highest yielder with 2.5 t/ha.

Mustard Observation trial consisted of four BARI lines in addition to three
released varieties as checks. Amongst the BARI test lines, BARI-11 yielded the
highest with 0.57 t/ha.

HORTICULTURE

The horticulture research in RNRRC-Bajo is involved in identifying appropriate
technology and information to improve quality and yield of vegetables, nut crops,
low chilled temperate fruits and subtropical fruits. Horticulture research focuses
on broadening the genetic base of priority horticultural crops through introduction,
diversification and selection from local diversity; improved crop production and
post-harvest technologies; improved seeds and plant propagation techniques.
Beside sector emphasize on reaching out improved crops varieties and crop
production technologies through on-farm demonstration and research outreach
programme where researcher work directly with the farmers in a selected
communities. Main approach of information dissemination is through publication,
trainings of farmers and dissemination of information by agriculture extension
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system. On-station and on-farm-client-oriented participatory horticultural research
are the approaches being adopted by the center.

The achievement highlights of horticulture research programme of this centre in
2004-2005 are as follows:

1. Under the variety improvement of fruits and vegetables, the centre had
identified one pomegranate, 2 guava, three mango and two local beans
promising cultivars for release for general cultivation. Nationally coordinated
walnut and chestnut variety evaluation trials were established in all the
regions.

2. Through research outreach programme, location specific assorted fruit crops
(746 plants) on a trial basis were promoted in all villages in the Adhang geog
for homestead fruit crops production (detail distribution list in Annexure 1) with
an objective to evaluate their performance and commercialization of few
performing species in future.

3. We have supported five RNR technology park development, one in each
Dzongkhag of West Central region with improved and superior vegetable
seeds, peach, pear, walnut, apricot, guava, Bajo apple, almond, temperate
apple and chestnut varieties where appropriate. (Damiji, Phobjikha, Chubu,
Dagapela and Mendelgang)

4. Participatory evaluation of fruits and vegetable are on-going with 11
demonstration orchards established in the region.

5. Vegetable breeder seeds of 22 cultivars that were released from the centre is
being maintained.

6. Mother plants of all fruits cultivars released from this centre are being
maintained.

7. New additional horticulture technologies: Booklet published and distributed to
all the regional extension agents

8. Supported and technical recommendations were provided to the client
Dzongkhags of this region and to the policy maker of MOA on solving the
farming production problems.

LIVESTOCK

The livestock research program started in 1995. Since then, livestock program
remained focused mainly on feed and fodder owing to the critical problem of feed
shortages especially in winter. The research program gained progress in initiating
fodder researches as a demand driven program in solving f a r menmeddte
problem of fodder shortages. The introduction of some popular winter fodder
species like Oat and winter legumes were tried to over-come this problem to
some extent. Apparently due to winter fodder shortages limited livestock
production. The situation is cumulating with the increasing livestock population
that remained uncontrollable due to religious sentiments attached to culling and
killings.

Efforts will be continued to have better understanding of the system. The scarcity
of fodder for cattle especially during winter will be researched further. The sector
had focused and given major emphasis on feed and fodder research in trying to
mitigate these problems. Most of the activities have focused in fodder production.
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Over the years, the livestock research has expanded to cover-up activities under
the sub-program breeding, socio-economy and marketing. In breeding and
management efforts were put in documenting information on local pig genetic
resources, yak herd monitoring and apiculture practices. Documentation of
livestock products, processing and marketing aspects were also covered. More
than 70% of the activities related to both feed and fodder and breeding and
management have been implemented and monitored jointly with extension
gearing towards solving some of the f

During the year, there were 11 activities of which 1 was new and 10 ongoing.
These activities were both regional and nationally coordinated. From these
activities, 6 were on-station and 5 were on-farm collaborative trials. Out of these,
8 activities were on feed and fodder and 3 were under breeding and
management. During the year, 3 activities were reported as completed and 8
activities are ongoing for further evaluation and assessment.

FORESTRY

This year saw the community forestry activities in the Lingmutey Chu watershed
culminating into the preparation of a draft management plan by the local people
with support from the centre and the Dzongkhag Forestry sector of Punakha. The
initiative to develop a simple local watershed forest management plan was
continued. Forest resource assessment, forest demand assessment and function
mapping activities were completed. The sector is now in the process of
developing the management plan based on information generated by these
activities.

On-station activities continued to focus on multiplication, propagation and
evaluation of multi-purpose tree species (MPTS) and some new accessions were
added. An arboretum was also initiated that would include many MPTS found in
the region. Extension leaflets describing the propagation and management
techniques have been developed and are ready for circulation.

In terms of mainstream forestry research the centre remains guided by national
priorities, particularly those of the Department of Forests (DoF), the main client,
and as directed by the forestry research coordinating centre at Yusipang. The
broadleaf forest dynamics research was approved by the Ministry of Agriculture
and the framework document for adopting Rimchu forest management unit (FMU)
as a research forest was developed. BG-SRDP, Lobeysa committed a small fund
to support activities. The final plot layout will be carried out in December 2005.
Research topics such as regeneration dynamics, permanent sample plot study,
grazing ecology are implemented in close collaboration with RNRRC Yusipang,
BG-SRDP, Lobeysa, the Wangdue Divisional Office and the NRTI, Lobeysa. A
forest fire study has also been initiated in collaboration with the Social Forestry
Division. This study would study the efficacy of traditional forest fire management
strategies such as prescribed burning, fire lines etc and also select sites to
include for impact assessment of forest fires on the forest ecology.
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SYSTEM RESOURCE MANAGEMENT
Community Based Natural Resources Management (CBNRM)

During 2004-05 most of the activities in Lingmuteychu watershed were
continuation of the previous year. In order to improve the livelihood of the farming
community and the farm house, activities focussed to improve farm production
and enhancement of farmersé capacity in sustainable management of natural
resources in a participatory and through collective action among the watershed
communities.

For livelihood improvement, on-farm trial on high altitude rice variety
(Machapuchray 3) was tried for its yield and f a r meaaceptdnce potential at
Limbukha together with farmers and farmers preferred the variety and have
promoted in larger scale. Due to traditional water sharing system practices,
Dompola community received their irrigation water late and to evaluate its effect
on rice yield, joint evaluation through crop-cuts were continued, intermittent
irrigation to demonstrate farmers on efficienct use of irrigation water was also
conducted in farmers field at Dompola and Omteykha. Shochum hand weeding
was continued for economic analysis.

As an outreach program, Nabchey village in the watershed was adopted and
some of the proven research technologies were taken as on-farm for participatory
assessment and livelihood enhancment. Some support on marketing of fruit
seedlings from private nursery at Omteykha was emphasized for additional
income generation in the watershed.

Watershed level management committee formation was initiated through
companion modeling using role-play game, a participatory tool for creating
awareness, understanding and negotiation on field reality problems.

Integrated Plant Nutrient System (IPNS)

IPNS research was continued with the aim to bringing together the research, the

extension and the farmers to I mprove
through an integrated plant nutrient systems approach. The general objectives
were to study farmers 6 s oi | nutrient management

and to develop appropriate and affordable technologies that will improve the
productivity of the land without depleting the soil resources.

A number of FEFUT trials were conducted on rice in Tsirang Dzongkhag. The
general objectives of these trials were to compare farmer practice and
recommended practice in terms of rice yield, soil and plant nutrient status.
Results indicated that soil nutrient status was significantly different in different
geogs with over all low soil fertility status in all the four geogs. The effect of
different treatments on soil nutrient status was not significant. Soil pH was within
low to medium range. Available P and K, organic matter and CEC were low both
before and after the trial. The effect of different treatments on the rice yield was
not significant, however, the crop yields in different geogs and of the two varieties
were significantly different. The effect of treatments on mineral content and
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removal was not significant for both the varieties; however, within varieties and
geogs they were significantly different.

A total of 78 composite soil samples were collected and analyzed from randomly
selected potato fields in Phobjikha. The main aim of this study was to obtain a
better understanding of the soil fertility status in those fields and then relate it to
the potato yield-declining problem in the Valley. Soil samples were analysed for
soil pH, percent organic carbon, total Nitrogen, available Phosphorus, available
Potassium, exchangeable cations and texture. Results showed that the overall
soil fertility status was moderate with an indication of Phosphate built up in some
soils. This could be due to regular application of Phosphate containing fertilizers.
Thus potato may not respond to Phosphorus fertilizer application as much as to
Potassium fertilizer. The other indication from the results is Potassium fertilizer
needs to be applied regularly with a reduced amount of FYM application.

Soil samples were collected and analyzed annually from 11 randomly selected
fields in Limbukha. The main aim of this activity was to see if repeated cultivation
of potato after rice in the same field have any negative impact on soil fertility.
Crop cuts were taken both for rice and potato annually and results were reported
in annual report 2003-2004. The main concern from the soil analysis results is the
potassium [K] content. The available K is within very low-to-low range in all the
sampled fields. This probably indicates either an insufficient application of K
mineral, small soil K reserves or high K fixation capacity of the soils. The removal
of K through rice straw is higher than through grains and in Limbuklha straw is
used as winter fodder and is not incorporated back into the soil, thus the removal
of K from the soil is permanent. In addition, potato also requires K in large
guantity compared to other nutrients. Based on these findings, a simple fertilizer
trial was conducted on potato, using different rates of K with fixed rate of N and
P. The focus of this trial was to see if K is the limiting factor for low potato yields
in some of the sampled fields. The results showed that there were no significant
differences between the treatments used.

Water Management Research (WMR)

Water Management Research strives to raise productivity of existing rice-based
irrigation schemes through improvements in water delivery and diversify the
range of irrigated crops. With the increasing understanding of the water
resources management issues over the years, the sector has felt the need to
focus on the holistic management of the water resources. Some of the focus
areas are management of water resources at the watershed level, integrated
management of the allied resources, and development of sustainable systems
through the enhancement of the local capacity.

Water resource management training was conducted to address the water
scarcity problem in Nabchee. It helped the community to understand the problem
and develop action plan. Water harvesting activity was initiated. Community
recognized the need to develop the local resources management plan to ensure
resources degradation is curtailed i n f ut ur e. nRol e Playing G
Lingmutey Chu Watershed was conducted to help the seven communities in the
watershed to understand the resources dynamics, how an isolated social
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behaviour produces negative impacts on the physical environment there by
affecting all the communities in return. The aim of the process was to develop a
common understanding on irrigation water shortage problem and develop a
common strategy to address the problem in the watershed. The out come of the
workshop was the agreement to address water shortage problem by developing a
common management plan and instituting management committee at the
watershed level.

Besides the research activities the sector is also engaged in infrastructural
development works. During 2004-05, the sector completed infrastructure work
worth Nu.5 million.

Agricultural Economics

Agriculture Economics research team supports other sectors by way of assisting
them in conduct of socio-economic studies. The sector conducted five activities
during 2004-2005 in collaboration with other sectors.

A simple economic analysis was done to determine the cost of producing
mungbean in Drugyelgang. Using the cost analysis, it was found that growing
mungbean is profitable. With the prevailing market price of Nu. 40/kg, it costs
Nu. 14.41 to produce a kg of mungbean. Economics study on intensive hand
weeding of Shochum done in Lingmuteychu revealed that with marginal rate of
return (MRR) of 20% it is not economically attractive. However, it has to be
considered in view of the incremental benefits that would accrue from a Shochum
free land in the long run. The report on impact study of maize will be released by
end of 2005.

Integrated Pest Management (IPM)

As in the previous years, the mandate of the IPM sector has not changed brought
about by the restructuring of Council of Research and Extension (CORE) to
Council for RNR Research of Bhutan (CoRRB). Although linkage with National
Plant Protection Centre (NPPC) has ceased in terms of research needs and
technical support, the sector liases with NPPC for service inputs such as plant
protection chemicals and extension advisory services. At the regional level, the
sector continues to provide need-based technical plant protection services to the
client Dzongkhags through field visits, disease-pest verification, surveillance and
monitoring. Research for 2004-2005 concentrated on Shochum Control
Campaign, on-farm chilli blight disease management through sequential sowing,
and rice blast evaluation through trap nurseries. Long term trials such as
cardamom disease on-farm observation study and community based citrus fruit
fly management are ongoing. Parthenium weed control campaign is implemented
during critical stages of the weed through June through October each year.

Mr. Sangay Wangdi, Research Officer was away on study leave from September
2004 i September 2005 at the University of Reading, United Kingdom to attend a
12-month MSc. Course on Tropical Agricultural Development (Crop Protection).
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Extension Program

This year saw a change of designation of EPO to ROTP and finally to RRCO,
which slightly affect ed inibhghneandaeeastperrthies rol e
designation. However, the sector performed almost the same mandate as
erstwhile EPO, with more concentration on packaging research technologies. A
total of 8 research results were packaged in the form of extension leaflets and
disseminated to all concern EAs of the region, besides distributing to relevant
RNR institutions of MoA. A basic ground development and technology
demonstrations were set up as Technology Park (TP) in all five Model RNR ECs
of the region, despite of issues and problems of budget and clear cut roles of
Dzongkhag and RC for the development of TP. The sector initiated a study on
technology adoption, which under progress and awaiting for complete
questionnaires. The sector also formed one farmer group in Limbukha besides
constant monitoring of Dompola savings group. As usual, the sector organized
the important annual features of RCs; the pre-regional meeting and the Annual
Review and Planning Workshop. The sector coordinated the dissemination of
information to about 20 study groups visiting from different Dzongkhags.
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1 FIELD CROPS RESEARCH
1.1 Rice Research
1.1.1 Advanced Evaluation Trial (AET)

In 2004, AET consisted of 20 test entries including local and standard check
varieties. The objective of this trial was to identify suitable varieties with high
yield potential, medium height, optimum maturity and resistance to prevailing
pest and diseases for mid-altitude rice valleys.

The trial was laid out in a randomized complete block design with three
replications. Seedlings were transplanted in 10 sgm plots at a spacing of 20 x
20 cm. Chemical fertilizer was applied at the rate of 70:40:20 NPK kg/ha with
half the N as top dress at panicle initiation (PI). To control the weed, Butachlor
5G was applied at the rate of 1.5 kg a.i./ha. Hand weeding was done
whenever necessary. Irrigation was given as and when required. Grain yield
was estimated from a harvest area of 5.04 sgm and grain moisture content
was standardized at 14%.

Analysis of grain yield showed that the highest yielders were Bajo Kaap 2
(8.41+ 0.49 t/ha), YOU MI18 (7.77 = 0.49 t/ha) and WAB 340-B-B-10-112
(7.32 £ 0.49 t/ha). Several other crossbred lines produced yields higher or
comparable to standard check IR 64. Local check Zakha yielded low with 5.80
+ 0.49 t/ha (Table 1). Occurrence of insect pests and diseases were negligible
during the test season and hence no inter-varietal rating was done. The best
performers from this trial will be evaluated in the farmersé6 f i el ds i
season. Highest straw yield was observed in BR1543-9-2-1 (11.64 + 0.82
t/ha) whereas its grain yield was low (5.35 + 0.49 t/ha). YOU MI 18 gave
appreciably high straw yield (10.05 + 0.82 t/ha) while the grain yield was also
significantly higher than local Zakha and comparable to standard check IR 64.

Table 1. Agronomic traits of entries in AET, 2004

Variety 50% Tiller Plant Straw Grain

flower- No. height yield Yield

ing (cm) (t/ha) (t/ha)

RHS 351-19CX-7CX-2CX 125 14 93 9.19 7.29
SPR87032-2-1-1-4 124 11 103 9.39 6.68
NR 10291 115 12 101 10.65 7.19
YOU MI 18 122 10 106 10.05 7.77
IR17146-97-1-2-1-3 112 11 90 7.47 6.33
CH5 124 11 114 6.61 7.22
BW348-1 126 11 104 9.46 6.25
NR 10276 113 15 119 9.26 6.66
BR1711-7-2-4-2 115 13 107 7.87 5.92
RHS 33025-CX-3CX-024 126 13 97 9.59 6.81
CH6 126 10 104 11.05 6.47
WAB 340-B-B-10-112 115 14 120 8.27 7.32
BR1543-9-2-1 126 10 105 11.64 5.35
IR 64683-87-2-2-3-3 113 13 93 8.66 7.00

Field Crops

t

he



RNRRC BAJO ANNUAL REPORT 2004 -2005 Page10

CNAX 4506-3-2-2-1-B 117 12 89 10.38 6.68
ZHONGYO 5 (AET) 116 9 100 | 9.33 6.39
Bajo Kaap 2 122 12 89 10.18 8.41
Bajo Maap 2 111 14 97 7.47 5.68
IR 64 115 15 89 8.73 7.07
Zakha 115 15 118 | 10.18 5.80
CV (%) 0.1 3.4 0.4 6.2 4.20

S.E.D. 0.89 1.41 3 0.824 0.49

L.S.D 1.81 2.86 7 1.668 1.01

1.1.2 Initial Evaluation Trial (IET)

IET consisted mainly of entries from introductions and breeding lines intended
for identification of promising materials in terms of grain and straw yields,
maturity, height and resistance/tolerance to biotic and abiotic stresses. The
trial consisted of 24 test lines which were advanced from the observation trial
of the previous season.

The trial was laid out in a randomized complete block design with three
replications. Seedlings were transplanted in 10 sqgm plots. Chemical fertilizer
was applied at the rate of 70:40:20 NPK kg/ha, with half the N top-dressed at
PIl. Butachlor 5G was applied at the rate of 1.5 kg a.i’/ha to control weeds.
Hand weeding and irrigation were done whenever necessary. Grain yield was
obtained from a harvest area of 5.04 sgm. ANOVA was used to analyze the
data and the results are presented in Table 2.

Analysis of variance showed that all test varieties were low yielder than the
check Bajo Kaap 2. However, several lines yielded higher or comparable to
check IR 64. Amongst the test lines high yielders are NR 10353 (7.53 + 1.57
t/ha)), NR 10291 (7.35 + 1.57 t/ha), MK 9-87 (7.34 = 1.57 t/ha), Khumal 6
(7.17+ 1.57 t/ha) with yields equivalent to the standard check IR64. Straw
yield ranged from 6.02 to 13.49 t/ha. Days to 50% flowering ranged from 105-
130 days. No significant damage due to insects and diseases occurred
precluding a differential rating among the entries. The elite selection from this
trial will be further evaluated in the following season.

Table 2: Performance of entries in IET, 2004

Variety 50% Tillerno.| PlIht |Strawyield | Grain Yield

flowering (cm) (tha) (tha)
Bajo Kaap 2 124 15 93 9.19 7.89
NR 10353 126 13 103 12.30 7.53
NR 10291 122 15 99 12.37 7.35
MK 9-87 126 14 99 1111 7.34
Khumal 6 115 16 126 12.24 7.17
IR 64 115 17 90 10.05 6.94
NR 10276 113 17 128 12.56 6.80
BR4656-1-2-3-2 123 14 103 12.70 6.78
CT 9737-5-2-1-2-4P-M 115 13 89 11.44 6.63
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Bajo Maap 2 110 17 105 7.87 6.59
C 74 126 14 104 13.49 6.59
IRGA 318-11-6-9-2-A3 113 15 93 8.14 6.57
TOX3211-14-1-2-1-2 124 11 97 11.77 6.54
P4 124 11 100 8.86 6.53
BRA4726-2B-6-1-2-J4 113 15 106 12.24 6.48
Himali 116 12 87 6.55 6.35
8344 124 14 106 12.90 6.33
IR71604-4-4-3-7-2-2-3-3| 114 15 90 11.11 6.20
242 113 13 99 7.61 6.13
ITA306 126 13 86 10.32 6.11
CT 6163-8-9 116 12 92 8.00 6.01
Khumal 4 124 15 131 8.07 5.92
NR 10375 113 14 87 6.41 4.83
Local Zakha 114 17 123 6.02 4.45
S.E.D. 0.70 1.54 5.20 1.44 0.78
L.S.D. 1.42 3.10 3.78 2.90 1.57
CV% 0.1 13.5 | 7.608 8.50 14.4

1.1.3 Observation Nursery

The Observation Nursery consisted of test lines selected from the IRRI-
INGER nursery of the previous season. A total of 56 entries were evaluated in
single plots of 10 sgm for yield, maturity period, adaptability, pest resistance
and plant height. Seedlings were transplanted at 20 x 20 cm in late June.
Inorganic fertilizers were applied at the rate of 70: 40: 20 NPK kg/ha.

Butachlor was applied at the rate of 1.5 kg a.i./ha to control weeds.

The observed yield ranged from 3.55- 9.38 t/ha (Table 3). The yields of most
of the entries were higher than the local check variety Zakha. The plant height
ranged from 74-120 cm and tiller numbers ranged from 6 to 22 per hill. No
notable insect pests and diseases were observed in the trial. The selected
entries will be further evaluated in replicated yield trials.

Table 3: Agronomic traits of entries in observation nursery

Variety P.Ht Tiller Yield
(cm) (nos.) (t/ha)
PR 234163-34 83 22 7.14
BM 9820 91 6 6.85
C 2732-10-2-1-1-1 83 18 7.55
IR 69003-47-3-3-2-3-2-3 80 17 5.75
TO*3255-82-1-3-2 74 20 4.51
RP 1125-1562-2-2-3 77 15 6.1
IR 72102-3-221-2-2-3-3 78 22 6.52
FR * 92 F3B-14F4BF5 96 14 6.46
TO *3118-12-1-3-1 74 12 5.09
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Q1 GUIZHAN 83 16 6.45
TO * 981-10-3-2 85 14 7.37
IR 73008-138-2-2-2 90 16 7.79
PSB RC 74 92 11 8.03
UPR 1561-6-3 84 15 8.58
CT 6163-8-9-5-2-M-84-M 91 13 6.99
DIANSHAO 3 95 17 7.75
IR 72891-73-3-3-1 80 20 6.12
CT 9868-3-2-2-3-3P-M 86 14 5.78
BR 5538-12-1-2 115 13 3.55
IR 72904-195-1-3-2 91 15 6.90
IR 74052-72-1-3 92 13 6.04
LTH-M4-14 92 13 6.65
CAN 8023 89 13 7.97
TO * 3553-36-2-2-2 80 12 7.5
ITA 304 88 11 8.19
TO * 3107-39-1-2-1 86 11 7.04
Shanyon 559 94 9 6.55
N 30 92 8 7.06
P8 86 9 5.88
IR 73435-29-3-3-1 74 17 5.12
JEQUITIBA 83 14 6.26
IR 74052-165-3-2 86 12 7.59
SPR 85013-5-2 93 14 6.61
OM 1271 97 19 7.88
M1-6148 UL 86 18 7.59
CAN 8487 {CNA8487} 87 14 9.38
BURDAGOL 88 15 7.83
IR 73013 83 16 6.3
CT9506-44-2-1-2-M-1-3P-M-1 85 13 6.13
GUI-4-XUAN 96 10 6.92
M1-6-120 UL 89 13 4.98
TO * 3118-6-E2-3-2 82 15 4.72
BA GUIZHAN 90 12 6.52
IR72895-17-2-3-2 86 12 6.85
C 4249-1-2-2-1-2 89 18 6.37
IR 74052-297-2-1 90 13 6.66
IR 71780-1-1-3-2 83 14 5.26
IR 72176-140-1-2-2-3 92 13 7.06
IR 73933-8-2-2-3 94 9 6.84
IR 73974-143-6-2-2 93 12 6.26
IR 72981-92-1-1-2-2 86 12 7.00
IR 72164-405-5-1-1 88 12 6.40
IR 73935-51-1-3-1 94 12 6.58
IR 74295-22-2-2-2-3 97 14 8.31
IR75282-10-3-3-2 88 14 7.40
IR 73907-53-3-2-2 91 20 8.46
Bajo Maap 2 93 13 8.71
Bajo Kaap 2 99 18 6.65
IR 64 92 13 6.11
Zakha 120 21 4.84
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1.1.4 Selection from crossbred populations

Commonly cultivated local varieties from different regions (Eastern and
Western) of Bhutan were crossed with improved varieties in order to improve
the yield potentials of otherwise low yielding locals. Crossbreeding of locals
with improved parents was expected to enhance the yield potential while at
the same time conserve the genetic traits of the locals preferred by farmers.

A total of 14 F2 populations were raised in single large plots and subjected to
selection at the station in 2004 using bulk selection method. Seeds of each
population were collected for further selection and evaluation. Below are the
details of F2 crossbred lines selected at Bajo research centre.

Designation Parents
1. IR 80484 IR 65598-112-2/Dago Yangkum
2. IR 80485 IR 65598-112-2/Local Yangkum (red)
3. IR 80486 IR 65598-112-2/Attey
4. IR 80487 IR 65598-112-2/Choti Masino
5. IR 80488 IR 65598-112-2/Sukhimey
6. IR 80489 IR 65598-112-2/Sungsung (red)
7. IR 80490 IR 71684-36-3-3-2/Dago Yangkum
8. IR 80491 IR 71684-36-3-3-2/Local Yangkum (red)
9. IR 80492 IR 71684-36-3-3-2/Attey
10.IR 80493 IR 71684-36-3-3-2/Choti Masino
11.IR 80494 IR 71684-36-3-3-2/Sukhimey
12.1IR 80495 IR 71684-36-3-3-2/Sungsung (red)
13.IR 80496 IR 71684-36-3-3-2/ Golingpa
14.1R 80497 IR 71684-36-3-3-2/Choti Masino

1.1.5 Demonstration of released varieties

For the purpose of technology dissemination to farmers, extension and visitors
a demonstration plot consisting of 12 released rice varieties were established
at the research station. These varieties were Bajo Kaap 1 and 2, Bajo Maap 1
and 2, IR 64, IR 20913, Khangma Maap, Khumal 2, Yusi Ray Maap and Kaap,
BR 153 and Milyang 54.

1.1.6 Seed Maintenance and production of released varieties

A total of 1675 number of samples (Table 4) of nucleus seed of 11 released
rice varieties were collected for producing basic and pre-basic seeds.
Besides, a total of 3428 kg of basic and pre-basic seeds of 15 varieties (Table
5) were produced for supply of Br eeder s @0 DS@ ardl further
multiplication and use.
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Table 4: Nucleus seed produced in 2004

Sl Variety No. of
No. samples
1. |IR20913 152
2. | Barket 75
3. |BajoMaap1l 200
4. |IR64 200
5. |[No1ll 150
6. | Bajo Maap 2 200
7. | BajoKaap1l 150
8. | Bajo Kaap 2 200
9. | B 298 B-SR-85-3-2-4 148
10. | Guojing 4 100
11. | SPR 87036-7-1-1-2 100

Table 5: Pre-basic and Basic seed produced (Kg) in 2004

Variety Pre-Basic | Basic Total Remarks
No 11 - 70 70

K.B - 150 150

IR 64 75 475 550

Bajo Maap 1 98 300 398

Bajo Kaap 2 97 350 447

Bajo Kaap 1 79 580 659

Bajo Maap 2 54 160 214

IR 20913 - 175 175

Mama - 40 40

SPR 87036-7-1-1-2 - 145 145 onfarm
Guojing 4 - 156 156 onfarm
Barket - 140 140

B 298 B-SR-85-3-2-4 | - 174 174 onfarm
Khangma Maap - 50 50
Machapurcharey 3 - 60 60

Total 403 3025 3428

1.1.7 On-farm Trials of Mid-altitude Rice varieties

Three promising mid-altitude rice varieties (GUOJING 4, SPR 87036-7-1-1-2
and B2983B-SR-85-3-2-4) were identified after rigorous testing at the station.
These varieties were then further
practices to critically analyze the yield performances and to study their
adaptation in different sites.

Four different sites - Nisho and Phangyul in Wangduephodrang, and Kabji and
Toewang in Punakha were selected for the trial in consultation with the
Dzongkhag staff. In each geog, two farmers were selected to conduct a set of
trial. The trial was laid out in single large plots with existing traditional varieties
in adjacent plots as the check. All operations and management of the trials

Field Crops
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were done by cooperator farmers as per their own practices, with timely
monitoring and advice from the extension staff and researchers.

Crop cuts from an area of 6 m? were taken during the harvest of the crop to
measure the grain yield. The results of trials in different sites are presented in
Table 6. Mean yield of the test varieties across locations was higher than the
local checks. B2983B-SR-85-3-2-4 yielded the highest, with a mean yield of
5.54 t/ha across all sites. This was a difference of 1.11 t/ha from the local
variety. However, all test varieties yielded lower at Phangyul when compared
to locals but the differences were not significantly high. The lines will be
evaluated in the ensuing season to further ascertain their performance.

Table 6: Yield (t/ha) performance of test entries across locations
Variety Sites
Nisho Toewang | Phangyul Kabji Mean
GUOGING 4 5.94 6.08 3.11 5.25 5.09
B2983B-SR-85-3-2-4 5.53 6.06 4.55 6.00 5.54
SPR 87036-7-1-1-2 491 7.39 4.33 5.45 5.52
Local 4.60 4.28 4.77 4.07 4.43

1.1.8 BUCAP Activities in the West Central Region

The activities under the Biodiversity Use and Conservation Asia Pacific
Project (BUCAP) have been ongoing at Thangu, Thedtsho and Guenshari. In
2004, the main activities included ric e f a rfiel@ schadl at Thangu,
Thedtso and Guenshari and maize seeds selection training at Tsirang.

Participatory Varietal Selection at Thangu

In 2003 three promising lines were identified by FFS from a total of nine lines

to further assessment. The objectives were tofaci | i t ate f ar mer so
improved varieties/genetic materials, broaden genetic base of the crops in the

locality and to promote participatory varietal selection.

Seeds of GUOJING 4, SPR 87036-7-1-1-2 and IR 64683-87-2-2-3-3 were
sown on 25M May 2004. Transplanting was done on 9™ July 2004 in single
large terrace. FYM was applied @ 1500 kg/ha. Butachlor was applied @ 1.5
kg a.i./ha to control weeds. Farmers carried out all operations of land
preparation to transplanting with the assistance of the extension agent.

Crop sampling was conducted prior to harvesting during the field day to
assess yield performance of the test lines. Amongst the three varieties, IR
64683-2-2-3-3 yielded highest with an average yield of 8.13 t/ha of rough rice.
Guoging 4 yielded 7.0 t/ha and SPR 87036-7-1-1-2 gave 7.25 t/ha. Farmers
collectively selected the highest yielding variety to be further evaluated in the
ensuing season in larger scale.

Field Crops
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Yield assessment of selected local varieties

Three local varieties, viz., Nabja, Apa Dogo and Dawa Yangkum that have

been seed selected since 2001 by fielFS wer e
on 4 June 2004 to assess the improvement of varieties subjected to seed

selection techniques in previous seasons and to promote conservation of

landraces through improved productivity of the same. The aim was also to

further purify the landraces from mixtures and off-types over the years.

Management was carried out by farmers as per their existing cultivation
practices. Field day was conducted during the crop harvest wherein crop cut
samples were taken to assess the yield performance. The result of crop cut
samples of seed selection plots for three varieties are presented in Table 7.
There is a significant difference in grain yield of same varieties between two
different methods of seed selection.

Table 7: Yield performance of Seed selection plot 2004, Thangu, Thedtso

Varieties Traditional method FFS technique Difference
(t/acre) (t/acre) (t/acre)
Nabja 1.39 2.33 0.94
Apa Dogo 1.47 2.20 0.73
Dawa Yangkum 1.35 2.00 0.65

Figure 1 shows the yield trend of three varieties over the years through
different techniques, and it is apparent that the techniques adopted by FFS for
rice seed selection yields higher than selected through traditional method. A
significant improvement in yield is noticed over the years in Dawa Yangkum
whereas in other two varieties improvement in yield is not very much.

Figure 1: Yield local varieties using different method of seed selection
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© Apa Dogo
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TMS- Traditional Method of seed selection
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Participatory Varietal Selection at Nob Sechekha, Guenshari

As in Thangu, seven varieties were selected by FFS in Guenshari. These
varieties were Phulaychu, Bunap Kaap, Khangma Maap, Yusi Ray Kaap, Yusi
Ray Maap, PP2-38-4 and Machapuchrey-3. Phulaychu and Bunap Kaap were
included in the study as the local check.

During harvest time, a field day was conducted and crop cut samples were
taken to determine the performance of the test lines. Phenotypic acceptability
test were also to understand the preferences of farmers to a particular variety.
Amongst the test lines (Table 8), Yusiray Maap yielded the highest (7.65 t/ha)
and was accepted by the FFS to be further evaluated next season. Besides,
two other varieties, Machapucharey 3 and PP-2-38-4 were also selected to be
further evaluated in the ensuing season.

Table 8: Yield performance of the PVS plot 2004 at Guenshari

Variety Yield Yield

(kg/6m?) | (t/ha)
Bunap Naap 4.5 7.15
Machapucharey 3 4.1 6.68
Phulaychu 5.2 8.25
Khangma Maap 3.4 5.53
Yusiray Maap 4.7 7.65
Yusiray Kaap 3.3 5.38
PP-2-38-4 3.8 6.18

Yield assessment of two local seed selected varieties

In 2003, two high altitude traditional varieties, Phulaychu and Bunap Kaap,

were seed selected with an aim to improve their yield. Therefore, seeds of the

same varieties obtained from the seed selection plot of 2003 were planted in

farmersofield this year. The FFS conducted the crop cut during the harvest

time to assess the performance of the local varieties. Yield comparison

bet ween FFS selected seed and farmerds see
improvement of yield due to selection method employed by FFS.

The results presented in Table 9 showed a slight increase in yield in the two
varieties. However, further purification study will be pursued for greater yield
improvement.

Table 9: Yield (t/ha) from seed selection plots, Guenshari

Variety FFS selected | F ar me r s| Difference
seed seed (t/ha)

Phulaychu 6.83 6.50 0.33

Bunap Naap |6.18 6.0 0.18

Field Crops
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Maize seed selection training in Tsirang

Maize ranks highest both in acreage and production in the country. However,
declining seed quality has been emerging as a serious bottleneck in
sustaining yield. During the 6™ National Field Crops Workshop in 2004, maize
seed selection training to agriculture extension and farmers was planned as
an immediate action to redress the issue of seed degeneration.

In the west central region, the training was conducted at Tsirang Dzongkhag.
RC Bajo facilitated the training whereas RC Wengkhar arranged the technical
expert for the training. With financial support from NBC, Serbithang, 10
agriculture extension agents were trained on maize seed selection. The
training included both theoretical guidelines on maize seed selection and
practical demonstration in the field.

As a follow up to this training, Extension Agents were required to impart their
skills in maize seed selection to farmers in their respective geog for which the
financial support was also extended through the BUCAP project. A total of 127
farmers from 6 different geogs were imparted with the skills of selecting pure
and better seed by the Extension Agents of their respective geogs.

Study tour to Vietnam

The BUCAP project organized a study tour to Vietnam from 18" June to 27"
June 2004. The tour was mainly aimed to exchange learning experiences
from the partner country, Vietnam, where similar kind of activities have been
carried out by the project in Bhutan. The program consisted of visit to the
farmers study plot, exchange of experiences and ideas among the farmers of
two countries, cultural exhibits, farmerso seed fair and the workshop with
officials of Plant Protection Department and the farmers of Vietham. The team
consisted of 19 members, which included farmers, extensionist, researcher,
and officials from the Central Programs. From the West-Central region one
researcher, Mr. Neelam Pradhan, and two farmers, Mr. Tshering Dhendup
and Ms. Chador Bida, participated in the study tour.

1.2 Maize Research
1.2.1 Sweet Corn Adaptation Study

In 2003, a sweet corn variety was introduced and evaluated on-station at RC
Bajo, which performed well. The variety introduced from Philippines is noted
for its sweetness and can be consumed when fresh/green, which could be a
better alternative variety than locals for table purposes. In 2004, the trial was
carried out in all the four research centres with an objective to introduce and
critically evaluate the adaptability of sweet corn variety in the test regions
based on criteria such as yield performance and resistance to pest and
diseases.

The trial was laid out in single large plots and a spacing of 75 x 50 cm was
maintained between the plants. Two to three seedlings were planted per hill.

Field Crops
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Fertilizers were applied at a rate of 60:30:20 NPK kg/ha in three splits. Half N
and full P205 and K20 were applied as basal dose at the time of planting and
remaining half N as top dressing in two equal splits at an interval of 25 days
consecutively. Hand weeding was done when ever necessary to suppress
weed growth.

The results from RC Bajo and RC Wengkhar are presented in Table 10. No
significant damage due to insects and diseases occurred in the test variety at
both the sites. After harvesting and recording the data, green cobs were
distributed to staff for testing. Many reported that consumption at green stage
after boiling is better than the local in sweetness. However, the sweetness is
lost when cobs are matured. Some reported that the endosperm is harder
than local corn.

Table 10: Agronomic traits of Sweet corn, 2004

Site Plant height/Cob length| No of ears |Yield of green cobs
(cm) (cm) (t/ha)
RC Bajo 215 23.6 1 8.54
RC Wengkhar 232 21.5 1 12.61

1.2.2 Pop-corn Adaptation Study

The aim of this activity was to introduce and critically evaluate the adaptability
of sweet corn variety in the test region based on criteria such as yield
performance and resistance to pest and diseases. The trial was laid out in
single large plots and a spacing of 75 x 50 cm was maintained between the
plants. Two to three seedlings were planted per hill. Fertilizers were applied at
a rate of 60:30:20 NPK kg/ha in three splits. Half N and full P205 and K20
were applied as basal dose at the time of planting and remaining half N as top
dressing in two equal splits at an interval of 25 days consecutively. Hand
weeding was done when ever necessary to suppress weed growth.

The average plant height was 169 cm, with 3 cobs per plant. The fresh cob
yield was 4.17 t/ha and the grain yield 3.33 t/ha. The crop was free of any
noticeable pest and disease during the growth period at the Bajo station.
However, the crop was severely damaged by blight during the tasseling stage
at RC Wengkhar and hence there was no cob formation. At RC Jakar and RC
Yusipang, there was a vigorous vegetative growth but failed to produce
matured grains, which could be due to long growing period of the variety. The
variety will be further evaluated to ascertain its performance.

1.3 Wheat Research

1.3.1 Observation Trial of Nepal Advanced Lines (NAL)

The trial consisted of 207 varieties and lines that were received from Nepal.
The objective of the trial was to assess the performance of these varieties

under Bhutanese agro-ecological conditions in terms of yield, disease
resistance and other agronomic traits. The trial was laid out in a row of 2 m
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length while spacing of 30 cm was maintained between varieties. Inorganic
fertilizer was applied at the rate of 60:30:20 NPK kg/ha with half a dose of N
top dressed at 65 days after germination. Frequent hand weedings were done
depending on the weed pressure.

Amongst the lines, ANNAPURNA-1 (check) yielded the highest with 5.5 t/ha
followed by BL3185 with yield of 5.3 t/ha. BL3140 and CHEN/AEGILOPS
SQUARROSA(TAUS)// BCN/ 3/ OEBY-OM-BKBYDKBY- PAS T
OM also gave an appreciable yield of 5.16 t/ha each (Table 11). The lines will

be further evaluated in the ensuing season.

Table 11: Agronomic traits of Nepal Advanced Lines

Lines 50% Flw | Maturity | Plant ht | Yield
days days cm t/ha
BL3071 102 149 89 3.49
BL3072 102 149 88 3.33
BL3079 96 141 91 2.9
BL3082 98 138 85 2.9
BL3083 96 150 81 2.3
BL3088 98 153 82 3.2
BL3090 102 153 78 2.16
BL3093 102 140 73. 3.33
BL3099 102 148 74 2.66
BL3100 103 148 72 3.2
BL3102 102 155 73 2.9
BL3103 102 153 80 3.9
BL3108 102 148 67 3.33
BL3111 102 153 81 3.33
BL3112 93 141 96 3.83
BL3115 96 140 106 3.9
BL3116 96 140 84 4.33
BL3118 93 140 108 4.99
BL3121 96 140 111 4.49
BHIRKUTI(Check) 98 148 73 4.16
BL3122 102 148 77 2.49
BL3124 102 148 78 3.66
BL3125 98 155 96 3.3
BL3126 96 141 100 3.9
BL3128 98 148 89 3.3
BL3131 93 138 82 3.49
BL3134 93 138 87 3.33
BL3135 102 153 98 4.3
BL3136 93 138 63 3.16
BL3138 93 138 68 4.9
BL3140 96 141 103 5.16
BL3141 105 155 93 3.49
BL3143 96 138 72 3.66
BL3144 96 138 91 4.66
BL3150 93 138 98 3.33
BL3152 93 138 82 4.16
BL3153 96 141 80 4.83
BL3154 93 140 89 3.9
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BL3156 93 140 87 4.49
BL1887 (Check) 102 155 82 2.83
BL3158 103 138 71 4.16
BL3160 102 138 69 3.66
BL3162 98 138 74 3.16
BL3163 98 140 89 2.99
BL3166 103 148 71 2.33
BL3167 103 147 68 2.33
BL3168 98 148 87 2.9
BL3169 98 148 82 4.6
BL3174 96 141 85 4.3
BL3177 96 148 98 3.9
BL3178 98 153 08 4.16
BL3179 98 148 80 3.9
BL3182 96 155 95 4.6
BL3183 105 148 105 4.6
BL3185 105 148 103 5.3
BL3188 98 142 86 3.49
BL3189 96 141 93 4.9
BL3190 96 140 96 3.6
BL3192 96 140 86 4.3
BL1473 (Check) 93 147 90 3.8
BL3193 105 155 56 1.6
BL3196 08 148 88 2.3
BL3200 98 147 81 2.49
BL3201 98 148 78 2.9
BL3204 96 148 100 3.3
BL3205 103 153 86 2.9
BL3206 98 148 90 3.3
BL3209 98 153 103 3.8
BL3211 98 148 96 4.49
BL3213 96 148 86 3.66
BL3215 93 147 90 2.49
BL3216 93 138 90 4.16
BL3218 98 141 97 4.3
BL3219 96 141 90 2.8
BL3220 96 148 91 3.3
BL3221 93 138 95 3.49
BL3223 93 140 102 3.6
BL3230 98 148 83 2.8
BL3233 08 147 94 3.6
NEPAL297(Check) 93 140 80 3.9
BL3241 93 138 84 3.49
BL3243 96 141 85 4.16
BL3244 93 140 86 3.3
BL3246 08 141 86 4.6
BL3247 96 142 87 1.9
BL3249 96 141 78 3.9
BL3250 98 141 83 4.16
BL3258 08 140 101 3.49
BL3260 93 138 95 3.3
BL3261 93 138 82 2.8
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BL3262 93 138 85 2.8
BL3263 93 141 80 2.6
PBW65/2*PASTOR- 98 141 89 3.83
CGSS97Y00036M-099TOPB-067Y-

O09M-009Y-0O09B-16Y-OB

PBW65/2*PASTOR-19Y-OB 96 141 79 4.49
PBW65/2*PASTOR-20Y-OB 98 141 81 3.83
PBW65/2*PASTOR-25Y-OB 98 141 77 3.83
HUW234+LR34*2//PRL/VEE=10 93 141 76 3.9
HUW234+LR34/PRINIA 93 141 75 3.16
IA0216 102 148 86 2.83
ANNAPURNA-1(Check) 102 1471 77 3.16
QUP8002-00 98 141 70 2.6
PBW299 102 148 69 3.3
PARWAZ-94 96 148 78 2.49
SW895124*2/FASAN 93 148 71 2.9
W462/VEE/KOEL/3/PEG//MRL/BUC | 93 141 77 2.9
ALTARS4/AESQUARROSA(219)//3* | 98 148 82 2.8
ESDAi CMSS92YO1875M-16Y-

010M-010Y-4KBY-5M-0Y-2KBY-

OKBY-OM

ALTARS4/AESQUARROSA(219)//3* | 102 148 79 2.49
ESDA- 5KBY-1M-OY-18KBY-OKBY-

oM

ALTARS4/AESQUARROSA(219)//3* | 98 153 77 2.8
ESDA-5KBY-3M-0Y-3KBY-OKBY-

oM

PASTOR/ 3/ VEEI 5/ / D(102 148 73 3.16
CEP14/CMH81.137//2*THB/3/BOW/ | 102 148 80 3.49
PRL//BUC

CHOIX/STAR/3/HEL/3*CNO79//2*SE | 102 153 89 3.9
RI

KAUZ//SERI/CEP80120 102 147 69 2.9
SW89.2089/KAUZ 102 148 60 3.8
CHEN/AEGILOPS 98 148 77 3.8
SQUARROSA(TAUS) / /

/BOW/4/PASTOR-

CMSS93B01854T-040Y-8Y-O10M-

010Y-010M-7Y-OM-5KBY-OKBY-

oM

CHEN/AEGILOPS 98 141 74 2.6
SQUARROSA(TAUS) / /

/BOW/4/PASTOR-8Y-OM-5KBY-

OKBY-OM

CHEN/AEGILOPS 96 140 79 5.16
SQUARROSA(TAUS) / /

/BOW/4/PASTOR-10Y-OM-5KBY-

OKBY-OM

COQ/F41.70//CNDR/4/NAR59/3/FN/ | 102 138 77 3.9
K58//N/5/PHO/6/2*KAUZ/7IGALVEZ/

WEAVER

PBW343*2/KUKUN 98 141 77 4.8
INQALAB91*2/KUKUN 99 153 85 4.49
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BHRIKUTI(Check) 102 155 80 3.16
INQALAB91*2/TUKURU- 98 153 80 2.3
CGSS99B00015F-099Y-099M-099Y-
099M-29Y-OB
INQALAB91*2/TUKURU-36Y-OB 98 153 86 4.49
INQALAB91*2/TUKURU-49Y-OB 102 155 84 2.9
OPATA/RAYON//KAUZ- 98 148 78 3.16
CMBW90Y3180-0TOPM-3Y-010M-
010M-010Y-6M-015Y-0Y-4KBY-

OKBY-OM

OPATA/RAYON//KAUZ-10M-015Y- 98 147 71 3.16
0Y-3KBY-OKBY-OM

W462//VEE/KOEL/3/PEG//MRL/BUC | 96 141 81 2.6
CHOIX/STAR/3/HE1/3*CNO79//2*SE | 102 155 79 3.49
RI

PBWG65/2*SERI.1B 102 147 76 3.66
PRL/2*PASTOR 102 148 66 3.9
HUW234+LR34*2/PASTOR 98 153 72 3.66
BL2922 102 153 83 4.16
BL2932 96 155 82 4.3
BL2935 98 148 87 4.3
BL2936 102 155 73 3.6
BL2982 105 148 106 3.8
BL3001 98 141 89 2.3
BL3002 96 138 98 3.9
BL3004 96 138 96 3.6
BL3020 102 148 92 29
BL1887 (Check) 102 153 85 3.16
BL3021 102 153 73 2.3
BL3023 98 148 80 2.9
BL3025 96 141 82 4.3
BL3054 96 153 86 4.16
BL3063 93 141 92 4.16
BL3065 96 141 87 3.9
BL2748 96 141 91 3.8
BL2774 93 141 83 4.49
NAC/VEE//CATBIRD-BD(DIN)850S- | 96 148 83 4.16
ODI-ODI-ODI-1D1-(1-10)DI-RC1DI

NAC/VEE//ICATBIRD- RC8DI 96 141 81 2.49
NAC/VEE//CATBIRD-10D1-(1-10)DI- | 98 141 79 4.16
RC1DI

ND/VG9144//KAL/BB/3/YACO/4/CHT | 93 138 73 4.8
L/5/BAW824(RL6043/4*NAC)

BAW897*2/CATBIRD- 98 148 79 4.8
BD(DIN)104098B-ODI-HRDI-RC5DI

BAW897*2/CATBIRD- RC8DI 102 153 78 2.6
NAC/VEE//CATBIRD- 98 140 80 3.6
BD(DIN)85097S-ODI-OBD-HRDI-

RC3DI

NAC/VEE//ICATBIRD- RC6DI 96 138 83 3.8
BAW378//BB/TOB//CNO67/3/[HUAC/ | 96 138 81 4.8
4/TIRESEL/3/BB/PL//SX/5/ICTAL-

123
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ICTAL 08 147 80 3.3
123/3/RAWAL87//VEE/HD2285-

BJ09586-0JO-3JE-OJE-HRDI-

RC2DI

ICTAL 08 155 83 2.16
123/3/RAWALS7//VEE/HD2285-

RC3DI

BL1473 (Check) 96 155 86 3.3
ICTAL 08 148 88 4.9
123/3/RAWALS7//VEE/HD2285-

RC5DI

BAW966 08 148 84 4.3
BL2890 103 153 79 3.6
BL2892 98 148 80 2.8
BL2906 98 148 90 2.6
BL2920 103 155 66 2.8
BL2927 102 147 94 3.6
BL2935 102 147 83 3.8
BL2979 103 155 100 1.9
BL2980 103 153 08 3.49
BL2981 103 153 89 2.6
BL2995 102 153 101 3.8
BL3010 102 153 88 4.16
BL3018 103 153 107 2.9
BL3037 102 148 111 3.3
BL3046 103 148 96 2.3
BL3064 96 147 94 3.49
BL2807 93 141 99 4.6
M758064/2*6TA876//[EMS- 96 153 108 4.4
6TA876/3/6TB219/6 TA876/4/ROND

O/2*ERIZO-11/5/0NA-2*2/NIMIR-4

NEPAL 297 (Check) 96 148 83 3.3
PASTOR/3/MUNIA//CHEN/ALTARS4 | 98 148 74 4.8
/SICNDO/R143/ENTE/MEXI-

2/3/AEGILOPS SQUARROSA

BABAX*2/PRL 96 153 86 3.8
KAMBARA 1- CGSS95B00016F- 102 148 97 4.6
099Y-099B-099Y-099B-25Y-0OB-0OSY

AJAIAT2/F3LOCAL(SELETHIO.135.8 | 102 153 70 2.6
5) IPLATA-13

KAMBARA 1-020Y-OB-OSY 102 148 87 3.49
MILAN/AMSEL 102 147 69 2.16
BOW/URES//KEA/3/SITE 103 155 84 2.6
MILAN/MUNIA 102 155 86 2.49
JUN//MAYA/MON/3/PGO/4/MILAN | 102 148 79 2.16
MILAN//PSN/BOW- 102 148 72 2.16
MILAN//PSN/BOW-1PZ-OY 98 148 73 2.3
PAT24/ALD//DOVE/BUC/5/GOV/AZI] | 102 153 80 2.6
MUS/3/DODO/4/BOW

MILAN/AMSEL//CBRD 103 147 75 2.6
TNMU/MILAN//MILAN/SHA7 103 153 86 2.49
WK 1444 103 153 99 4.16
WK 1334 102 147 84 3.8
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WK 1308 102 147 91 3.6
CMH 843379/CMH78578/MILAN 102 153 79 3.16
WEAVER/4/NAC/TH.AC//3PVN/3/MI | 102 148 75 2.9
RLO/BUC

ANNAPURNA-1 (Check) 102 147 82 55
PASTOR/KAUZ 102 153 77 2.8
CNDO/R143/ENTE/MEX12/3/AEGIL | 102 153 67 3.8
OPS SQUARROSA

(TAUS)/4/\WEAVER/5/2*KAUZ

CMHB82A.1294/2*KAUZ//MUNIA/CHT | 102 153 76 2.49
O/3/MILAN-CMSS94YY02299T-

030Y-0300M-0100Y-0100M-4Y-8M-

0Y-16Y-OB

CMHB82A.1294/2*KAUZ//MUNIA/CHT | 102 153 82 3.8
O/3/MILAN-41Y-OB

FALKE*2/BISU/3/CHEN/AESQUA(T | 102 153 79 3.6
AUS)//BCN

MILAN/KAUZ//PRINIA 96 141 83 4.4
OPATA/RAYON//KAUZ/3/TOBA97 | 102 148 78 2.6

1.3.2 International Disease Trap Nursery (IDTN)

The main objective of the trial was to monitor the rusts disease incidence,
potential changes in virulence to leaf and yellow rusts of wheat under
Bhutanese agro-ecological conditions The trial consisted of 110 entries and
was laid out in a row of 1 m length, maintaining 40 cm spacing between the
varieties. Inorganic fertilizer of 60:30:20 NPK Kg/ha was applied with half a
dose of N top dressed at 65 days after germination. Regular hand weeding
was done to suppress the weed. The results of the trials are presented in

Table 12.
Table 12 : Observations of IDTN Trial
Genotype Observed Observed | Observed | Observed
date/leaf date/leaf date/leaf date/leaf
yellow rust yellow rust
scoring scoring
25/3/05 1/4/2005 18/4/05 27/4/05
THATCHER 1% leaf 1% leaf 30% leaf 90% leaf
rust rust rust rust
TC*6/CNTENARIO(RL6003) - - 35% leaf 90% leaf
rust rust
TC*6/WEBSTER(RL6016) - - 10% leaf 35% leaf
rust rust
TC*6/CARINA(RL6019) - 5% leaf 20% leaf 95% leaf
rust rust rust
TC*6/LOROS(RL6047) - 2-3% leaf | 50% leaf 85% leaf
rust rust rust
TC*6/DEMOCRAT(RL6002) 3% leaf 5% leaf 55% leaf 85% leaf
rust rust rust rust
TC*6/ANIVERSARIO(RL6007) 7% leaf 10% leaf 60% leaf 70% leaf
rust rust rust rust
BAGE/8*TC(RL6042) 2% leaf 8% leaf 70% leaf 85% leaf
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rust rust rust rust
TRANSFER/6*TC(RL6010) - 5% leaf 50% leaf 85% leaf
rust rust rust
TC*6/EXCHANGE(RL6004) 20% leaf 85% leaf 90% leaf 90% leaf
rust rust rust rust
HUSSAR(W976) 50% leaf [ 90% leaf 95% leaf 100% leaf
rust rust rust rust
B19EXCHANGE/6*TC(RL6011) | - 15% leaf 30% leaf 75% leaf
rust rust rust
MANITOU - 15% leaf 30% leaf 85% leaf
rust rust rust
SLKIRK/6*TC(RL6013) - 10% leaf 60% leaf 85% leaf
rust rust rust
TC*6/MARIAESCOBAR(RL6006) | - - 55% leaf 80% leaf
rust rust
TC*6/KENYA1483(RL6052) - 2-3% leaf | 70% leaf 80% leaf
rust rust rust
TC*6/EXCHANGE(RL6005) - 50% leaf 90% leaf 95% leaf
rust rust rust
KLEIN LUCERO/6*TC(RL6008) | 50% leaf 70% leaf 90 leaf 100% leaf
rust rust rust rust
TC*7/AFRICA43(RL6009) 30% leaf 60% leaf 80% leaf 95% leaf
rust rust rust rust
TC*7/TR(RL6040) - 75% leaf 85% leaf 95% leaf
rust rust rust
THEW(W203) - 5% leaf 10% leaf Leaves
rust rust dried
TC*6/RL5406(RL6043) - 5% leaf 30% leaf 70% leaf
rust rust rust
TC*6/RL5404(RL6044) 30% leaf 50% leaf 80% leaf 90% leaf
rust rust rust rust
LEE310/6*TC(RL6012) 25% leaf 30% leaf 80% leaf 90% leaf
rust rust rust rust
TC*6/AGENT(RL6064) 55% leaf 80% leaf 95% leaf 95% leaf
rust rust rust rust
TC*?/TRANSEC 55% leaf 80% leaf 95% leaf 95% leaf
rust rust rust rust
TC*6/ST-1-25(RL6078) - - - 1% leaf
rust
GATCHER(W3201) - 15% leaf 50% leaf Leaves
rust rust dried
CS2D-2M - - 25% leaf 30% leaf
rust rust
TC*6/ CS7AGI 11( R 1% leaf 2% leaf 25% leaf 25% leaf
rust rust rust rust
TC*6/TERENZ10(RL6049) - 2% leaf 50% leaf 75% leaf
rust rust rust
TCLR32(RL5497) - 5% leaf 60% leaf 85% leaf
rust rust rust
TC*6/P158548(RL6057) - 5% leaf 65% leaf 90% leaf
rust rust rust
TC*6/P158548(RL6058) - - 15% leaf 25% leaf
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rust rust
RL5711 - - 5% leaf 5% leaf
rust rust
E84018(NEP/AE.SPELTOIDES2- | - - 50% leaf 90% leaf
9-W//5*NEPT-3-3*MITU) rust rust
TC*6/VPM(RL6081) - 3% leaf 50% leaf 80% leaf
rust rust rust
TC*6//CARINA(RL6051) - 5% leaf 50% leaf 85% leaf
rust rust rust
WL711 5% Leaf 10% leaf 65% leaf Leaves
rust rust rust dried
GAZAW277)(DURUM) - - 15% leaf Leaves
rust dried
ALTAR84(DURUM) - - 5% leaf Leaves
rust dried
NDLINE (DURUM) - - 5% leaf Leaves
rust dried
IUMILLO (DURUM) - - 5% leaf 5% leaf
rust rust
LOCAL RED (DURUM) 60% leaf 90% leaf 100% leaf | Leaves
rust rust rust dried
SONORA 64 - 60% leaf Leaves Leaves
rust dried dried
YECORA 70 - 80% leaf Leaves Leaves
rust dried dried
INIA 66 - 3-5% leaf | Leaves Leaves
rust dried dried
NOROESTE - 3-5% leaf | Leaves Leaves
rust dried dried
OPATA 85 - - Leaves Leaves
dried dried
JUPATECO 73S - 70% leaf Leaves Leaves
rust dried dried
JUPATECO 73R - - Leaves Leaves
dried dried
ANAHUAC 75 - 3-5% leaf | Leaves Leaves
rust dried dried
GENARO 81 - - Leaves Leaves
dried dried
SERI 82 - - Leaves Leaves
dried dried
SUPER SERI 1|2 - 1% leaf Leaves Leaves
rust dried dried
BABAXI 1 - 10% leaf Leaves Leaves
rust dried dried
BABAXI 2 - - Leaves Leaves
dried dried
SUPER KAUZ - - Leaves Leaves
dried dried
TONICHI 81 - - Leaves Leaves
dried dried
PARULA - - Leaves Leaves
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dried dried
PAVON 76 - 3% leaf 50% leaf Leaves
rust rust dried
PASTOR - - 5% leaf Leaves
rust dried
ATTILA - - 3-5% leaf | Leaves
rust dried
AMADINA - - 3-5% leaf | Leaves
rust dried
BUCK BUCK - - - Leaves
dried
CHAPIO - - - Leaves
dried
TUKURU - - - Leaves
dried
KUKUNA - - 5% leaf Leaves
rust dried
KAKATSI - - - Leaves
dried
MOROCCO 80% leaf 100% leaf | Leaves Leaves
rust rust dried dried
YR1/6*AVOCET(CX93.51.3.3) - 5% yellow | 90% Leaves
rust yellow rust | dried
YR5/6*AVOCET(CX86.6.1.20) - 5% yellow | 10% Leaves
rust yellow rust | dried
YR6/6*AVOCET(CX94.2.2.25) 65% 90% 100% Leaves
yellow rust [ yellow rust | yellow rust | dried
YR7/6*AVOCET(CX93.21.3.1) 65% 90% 100% Leaves
yellow rust | yellow rust | yellow rust | dried
YR8/6*AVOCET(CX86.18.1.8) - - 80% 90%
yellow rust | Yellow
rust
YR9/6*AVOCET(CX93.24.1.22) | - - 80% Leaves
yellow rust | dried
YR10/6*AVOCET(CX93.53.3.1) | - - 5% yellow | Leaves
rust dried
YR15/6*AVOCET(CX89.1.1.27) - - - Leaves
dried
YR17/4*AVOCET(CX94.8.1.25) | - 85% 100% Leaves
yellow rust | yellow rust | dried
YR18/3*AVOCET(CX94.10.1.7) - 20% 85% Leaves
yellow rust | yellow rust | dried
YR24/3*AVOCET(CX96.1.3.12) | - 2-4% 50% Leaves
yellow rust | yellow rust | dried
YR26/3*AVOCET(CX96.17.1) - - 35% Leaves
yellow rust | dried
YRSP/6*AVOCET(CX94.14.1.15) | - - 30% Leaves
yellow rust | dried
YR27/3*AVOCET(CX94.19.1.1) | - 3-5% 80% Leaves
yellow rust | yellow rust | dried
AVOCET+YRA - 75% 95% Leaves
yellow rust | yellow rust | dried
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AVOCET+YRA 50% 80% 100% Leaves
yellow rust [ yellow rust | yellow rust | dried

Cartens Vgene in Avocet - - 55% Leaves
yellow rust | dried

Tatara - - 5% yellow | Leaves
rust dried

BL2217 55% 80% 100% Leaves
yellow rust [ yellow rust | yellow rust | dried

Milan/Sha 7 - 20% 90% Leaves
yellow rust | yellow rust | dried

PBW 343 - - 5% yellow | Leaves
rust dried

PBW 373 - - - Leaves
dried

RAJ 3765 - - - Leaves
dried

HP 1633 70% 95% 100% Leaves
yellow rust [ yellow rust | yellow rust | dried

HD 2204 - 2-5% 80% Leaves
yellow rust | yellow rust | dried

WL 1562 - - 15% Leaves
yellow rust | dried

Annapurna -1 - - - Leaves
dried

Pasang Lamu - - 10% Leaves
yellow rust | dried

BL 1473 - - Leaves Leaves
dried dried

RR21 30% 50% 90% Leaves
yellow rust [ yellow rust | yellow rust | dried

BHIRIKUTI. - - - Leaves
dried

BL1813 - 10% 95% Leaves
yellow rust | yellow rust | dried

BL1887 - 3-5% 10% Leaves
yellow rust | yellow rust | dried

MH 97 - - - Leaves
dried

INQUILAB - - 30% Leaves
yellow rust | dried

BAKHTAWAR - - - Leaves
dried

KOHISTAN 97 - 8-10% 95% Leaves
yellow rust | yellow rust | dried

PUNJAB 85 - 10% 65% Leaves
yellow rust | yellow rust | dried

KANCHAN 40% 70% 100% Leaves
yellow rust | yellow rust | yellow rust | dried

GAURAB - 5% yellow | 45% Leaves
rust yellow rust | dried
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1.3.3 SAARC Rust Trap Nursery

This is a collaborative activity among the SAARC nations. The prime objective
of the activity was to monitor potential changes in virulence of leaf and yellow
rusts of the wheat crop at regional and global level. The trial consisted of 20
entries which were laid out in an area of 4 sgm (2m x 2m). Inorganic fertilizer
of 3 kgs SSP, 1 kg urea and 1 kg MoP were applied as basal dose. Irrigation
was given as per the crop requirement and hand weeding was done
depending on weed pressure. The results of the trials are given in Table 13.

Table 13: Observations of Rust Trap Nursery

Genotype 28/3/05 6/4/05 18/4/05
Rust scoring Rust Scoring | Rust Scoring
Annapurnal | 10% 10% 10-15%
WL 1562 10% 60-70% 80%
HD 2204 5% 40-50% 50%
PBW 343 - - 5%
HD 2687 - 1-3% 5%
HD 2189 10% 70-80% 90%
HD 2133 80% 90-100% 100%
Pak 81 - 5-10% 30%
Punjab 85 20% 20-25% 25%
Chakwal 30% 30% 45%
Faisalabad | 35% 35% 40%
85
Inquilabad | 30% 40-45% 45%
Faisalabad | 5% 40% 70%
83
Rawal 87 - 10% 25%
Kohsar - 10% 20%
Bakhtawar | 10% 5-10% 20%
Raj 3765 - 10% 10%
Gaurab - 10% 15%
PBW 373 - - 10%
Morocco 90% 90% 100%

1.3.4 Observation trial of BARI wheat

The trial consisted of 8 varieties that were introduced from Bangladesh. The
main objective of the trial is to introduce promising materials and to assess the
performance under our environment. The trial was laid out in a single
observation plot of 15 sgm (5m x 3m). A spacing of 20 cm x 20 cm was
maintained while inorganic fertilizer at the rate of 60:30:20 NPK kg/ha was
applied. Half of the N was top dressed at 45 days after germination. Irrigation
and hand weedings were done as per the crop requirement.

Amongst the varieties, Kanchan yielded the highest with 2.5 t/ha (Table 14)
followed by Gourav with a yield of 2.04 t/ha and Sourav with 1.5t/ha.
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Table 14: Agronomic traits of BARI Wheat

Variety | 50% FLW Maturity Plant Yield
height
Date days | Date days | cm t/ha
Shatabdi | 5/3/05 | 107 | 4/5/05 | 167 |76 1.46
Protiba | 14/3/05 | 116 | 24/4/05 | 157 |75 1.20
Sourav | 5/3/05 | 107 | 28/4/05|161 |73 1.50
Gourav | 16/3/05| 118 | 28/4/05 | 161 |74 2.00
Kanchan | 21/3/05 | 123 | 4/5/05 | 167 |76 2.50
Bajoka 1 | 16/3/05 | 118 | 28/4/05|161 |79 0.50
Bajoka 2 | 5/3/05 | 107 | 21/4/05| 154 |93 1.80
Sonalika | 16/3/05 | 118 | 28/4/05 | 161 | 72 1.20

1.3.5 Seed production and maintenance of released lines

A total of 315 kgs of seed of three released varieties of wheat were produced

and maintained at research centre for supp
Corporation and further research use (Table 15).

Table 15: Wheat seed production in 2004-2005

SI.No Variety Quantity (Kg)
1 Bajoka-1 68
2 Bajoka-2 90
3 Sonalika 157
Total 315

1.4 Oilseeds Research
1.4.1 Mustard Observation Trial of BARI Lines

The trial was conducted with an objective to assess/evaluate the performance
of the lines from BARI under Bhutanese agro-ecological conditions in terms of
yield, maturity days, flowering time and pests and disease incidence. The trial
was laid out in a single observation plot of 15 sgm. The trial consisted of
seven varieties including three released varieties as the standard checks.
Frequent hand weedings were done to prevent the crop from weed
dominance. Amongst the introduced BARI lines BARI-11 yielded the highest
with 0.57 t/ha (Table 16) followed by Sonalika Sarisha with 0.44 t/ha.
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Table 16: Agronomic traits of BARI lines

Variety 50% flowering | Maturity Pests & Diseases | Yield

incidence (t/ha)
Date Days | Date Days

BARI-11 24/1/05 | 76 7/4/05 | 148 Powdery mildew | 0.57
& beetle

BARI-6 17/1/05 | 69 4/4/05 | 145 0.36

BARI-9 17/1/05 | 69 21/4/05 | 162 0.37

Sonalika | 24/1/05 | 76 5/4/05 | 146 | Beetle attack 0.44

sarisha

Bajo 17/1/05 | 69 27/3/05 | 138 | White rust 0.65

peka-1

Bajo 17/1/05 | 69 138 | White rust 0.44

peka-2 27/3/05

M-27 17/1/05 | 69 23/3/05 | 134 | Powdery mildew | 0.24
& bettle

1.4.2 Selection of lines from the mass selected mustard

The main objective of this trial was to evaluate the performance of varieties
subjected to mass selection. The trial was laid out in a single observation plot
in a plot size of 15 sgm. Inorganic fertilizer at the rate of 60:40:00 NPK kg/ha
was applied to the trial plot beside timely weeding and carrying out other
agronomic practices. A total of 24 selections, named as Bajo selection 1 to 24,
were made from the field.

1.4.3 Economic Analysis of Nature Farming

[This is an abstract of the analysis/report done by Ms Iris Glanzmann, a student from
the Swiss College of Agriculture, as part of her field work from April to October 2005
at RC Bajo]

Since 1995 an area of 4247 sgm has been managed without any synthetic
inputs at RC Bajo. Crop residues are recycled after composting with EM
(Effective Micro-organisms) yielding so called Bokashi-compost. In addition,
considerable amounts of farmyard manure are purchased from outside and
added to the system each year. Crops grown include rice in summer and
wheat or mustard seed in winter, while maize is grown under dryland
conditions. In 2005 three trials on organic farming were initiated by the trainee
and the area was expanded. Contamination with synthetic inputs through
water canodt be fully avoi ded,the grigatiaan t hat
system in the valley above. The area has been managed as a long term trial,
basically assessing yield levels.

The task of the trainee was to critically review the technical and economic
aspects of growing crops in organic rice-based systems and make context-
related and relevant suggestions for changes in the management for the
subsequent years. The main question is: What should be the future of the

Field Crops



| RNRRC BAJO ANNUAL REPORT 2004 - 2005 Page33 |

natural farming area at the centre and how can it be best used to contribute to
organic issue? It seemed important to conduct an economic study facilitating
first notion of costs and returns resulting of growing rice organically. It was
agreed on analyzing the nature farming long term trial on station and
comparing it to conventional rice production at RC Bajo and at Lingmuteychhu
watershed. The objectives of the economic analysis were to:

1 Quantify production costs and conduct a cost-benefit analysis of the
organic rice grown in the natural farming area.

1 Identify and compare labour inputs of an organic and a conventional
system on station and put it side by side to labour time used at farm
level.

1 Estimate minimum price difference to be obtained for a profitable
organic rice production and conduct a sensitivity analysis by assuming
relevant parameters of organic rice production at farm level

T Summarize findings between an organic a
growing technique. Specify implications and bottlenecks if it comes to
an organic production.

The aim was to obtain a first notion of net returns, overall production costs
and detailed labour investment of the organic long term rice trial. Rough data
of production costs in the nature farming area were available from 2004.
Records from all production inputs were taken during the growing season
2005 until August. The final calculation was done with data from 2004 to
August 2005. Initially the production costs and labour data from 2004 were
compared to those from 2005 in order to track inconsistencies and make
records comprehensive. The mean production costs of both years were
determined and defined i n abenefiiadlysis.st edo v
Bearing in mind that the production technique in the past years had not
changed it seemed reasonable to use the average yield of the past three
years for a final adjusted calculation of net returns.

The most important parameters such as labour input, composition of
production costs as well as the yields are presented and compared to other
studies (on-station and on-farm) in order to point out differences and features
in an organically managed rice system.

Comparison to farmerds practice: RC Baj o
study on rice production in the near Lingmuteychhu Watershed in 1998. This

study was taken as a base reference for comparisontoth e f ar mer 6 s pr act
Prices for material inputs had to be adapted to present rates. Slight

modifications were made to allow a sound comparison. The conventional on-

station production is thought to be representative for an intensive rice

production area such as the Punakha-Wangdue valley. Main features of the

three rice cultivation systems used for the economic study are found in Table

17.
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Table 17: Main features of the three rice cultivation environments used
for the economic study of organic rice production

Economic study

Rice production in the natural
farming area at RC Bajo

Conventional rice
production at RC

Rice production in
the Lingmuteychu

of hh

Bajo Watershed
Year of 2004 7 2005 (analysis of 2000 - 2002 1998
evaluation costs), 2002 i 2004 (average
yield)
Area or number | 4247m? 512m? 12 hh, 53 rice fields

Aim of study Facilitate first notion of Comparison of net Detailed economic
indications such as labour returns in rice and study of rice
input, price difference and potato cultivation production in the
baseline for improvement LW
suggestion
Inputs used Compost, FYM Herbicide, Urea, 75% of all hh used
Suphala, SSP, synthetic fertilizer
Potash and herbicide
Land Mechanically (powertiller) Mechanically Oxen plow and
preparation (powertiller) powertiller
Used term Organic Conventional Far mer 6s p

Altitude zone
and intensity of
rice production

Medium altitude, fertile valley,
medium intensity

Medium altitude,
fertile valley, high
intensity

High altitude, low to
medium intensity

Results and Discussion

The results provide preliminary indications of the important issues (labour
time, production costs, and price) and point at aspects to be improved in
future. Rice yields from the long-term trial show a noticeable gradation over
time. The reason for these peculiar yield fluctuations lies in the modification of
fertilization rates on the one hand (Table 18). The high yields in the first year
are explained with the previous crop rotation: green manure Sesbania
acculeata was cultivated for three years. The change of personnel managing
the trial in 2001 may have an effect as well, especially related to field activities
done at the right time. Yields of on average 6 t/ha are feasible with the
corresponding cultivation management but show a big fluctuation.
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Rice yield of Nature Farming, RNRRC Bajo 1996-2004
10.00
9.00
8.00 -
7.00 -
E 6.00 -
S 500
g{ 4.00 -
3.00 -
2.00 -
1.00 -
0.00 - T T T T T
1996 1997 1998 19899 2000 2001 2002 2003 2004
vear

Figure 2 Rice yield of IR-64 in nature farming trial, RNRRC Bajo 1996 - 2004

Table 18: Rice fertilization rates Natural Farming 2001 - 2004, RC Bajo

2001 2002 2003 2004
FYM t/ha 2.5 8 8 6
Compost
t/ha 0 8 8 6

Looking at the conventional production, the average yield (for IR-64) with use
of herbicide, urea and FYM is on average 7.5 t/ha at the research centre and
at around 6 t/ha at farm level in the Wangdue-Punakha valley.

Cost-benefit analysis

The figures are indicated per hectare. The assessed area measures 4257m?
(what corresponds to field sizes at farm level) and is extrapolated to a per
hectare calculation. Indications for labour input for one hectare could possibly
lie above the linear extrapolation if the work is done manually (longer work
breaks). This was however not taken into account.

Table 19 Cost benefit analysis of organic rice production, RC Bajo 2005

Organic rice at RC Bajo

2'004 2'005 adjusted
Economic Indicators (Nu.%) ha ha ha
Paddy yield kg 7'100§- 6'000
Milled rice yield (paddy *0.6) 4'26(d 3'60(
Price/kg milled rice 18.9 18.9 18.9
Gross Return milled rice 80'512- 68'04(
Labour-days 268 262 265
Labour costs/day 100 100 100
Total labour costs 26'83§ 26'192 26'515
Material inputs (machinery costs 6'637 7'609 7'123
Other Material (seeds, ingredient
for compost, FYM) 4'884 4'884 4'884
Total production costs 38'358 38'684 38'521
Production costs (Nu/kg) 5.4y~ 6.4
Total Net Returns (gros-s return -
production cost) 42'153 - 29'519

S Exchange rate: 43 Ngultrum (Nu.) = 1$

Field Crops



| RNRRC BAJO ANNUAL REPORT 2004 - 2005 Page36 |

Calculations with milled rice provide a better base for comparison to other
studies. The conversion factor for milled rice is estimated at 0.6 (Shreshta
2004). The farm gate price for milled white rice (IR-64) is defined at Nu 18.4
(price in 2004). Table 19 llustrates that the total production costs are constant
over both years. Since the production technique and the production inputs
have not changed significantly in the past 3 years the average yield of 6 t/ha
was considered represent at ibenefit chlaulation
The latter will be used for all calculations in this report.

The wages for hired labour are rated at Ngultrum 100 per day, one labour-day
consisting of eight hours. Machinery costs such as costs for power-tiller and
tractor are valued at 1200 Ngultrum per day (operator included). All land
preparation and harvest was done mechanically. The overall working time was
found to be 107 labour-days (LD) per acre or 265 LDs per hectare.

Comparing labour input among different rice cultivation management practices
at the station and at farm level, the organic rice production is highest with 265
days per hectare with a mean yield of 6 t/ha (2001 i 2004).

Total labour Input and yleld In differentrice systems

280 7000
260
240
220
200
180 4
160
140
120 A
100
80 -
60 -+
40 -
20

0 4

- 6000

- 5000

4000

LDha

- 3000

Paidy yiddha

- 2000

- 1000

0
Farmers LW Conwverntional on-station Organic on-station B Total labourinput
adjusted —paddy vield t’ha

Figure 3 Total labour investment and vyield under different cultivation
managements at the station and at farm level, RC Bajo 2005

In contrast, Lingmuteychu watershed used 185 labour days per hectare for an
average production of 3.8 t/ha (Wangdi and Swinkels 1998). For the
conventional rice production of 6.4 t/ha at the research station using synthetic
fertilizers and herbicide, an average of 178 LD per hectare was recorded
(Figure 3).

Figure 4 provides a closer insight into the composition of different field
activities and specifies time used for it. The most striking difference in an
organically managed system is characterized by the high labour input for
weeding and compost preparation. This is explained by the labour-intensive
weeding of grass. Grass in rice fields is a serious problem when the water

| evel canot be mai nt ai ned continuous|
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The difference of weeding time in organic and conventional is 24 LD at the
station level. Compared to farm level, the organic version needs 31 LD more.

Ot her | abour inputs for field work are com
iIs done manually in contrast to the mechanical harvest on station. Irrigation

differs depending on the given irrigation system and water supply. Application

time for FYM and compost greatly depends on walking distances. Special

crop protection measures in the farmeros
fencing are not listed.

Labour time needed for differentrice systems

O Organic on-

Harvest station adjusted

O Conventional on-

Irrigation station 00-02

®| Farmers
Lingmuteychu
EE watershed 98

Bund clearing

Weeding

Transplanting

field work

FYM/Compost
application

Synthetic input
application

Compost
preparation

Land preparation

Nursery

Threshing and
transport

20 25 30 35 40 45

labour-days/acre

Figure 4: Comparison of labour input for different rice managements, RC Bajo 2005

Production costs

Shifting to an organic farming system is often said to be profitable due to

reduced inputs of agrochemicals. In similar rice production areas like
Lingmuteychu Watershed this wonot be the
proportion of production costs in Figure 5 makes clear that costs for synthetic

inputs used by farmers in the Lingmuteychhu Watershed only count 2% of

total production costs. That is because agro-chemicals are cheap and farmers

use only small amounts.
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Proportion of total rice production costs,
Lingmuteychu watershed 1998

Seeds; 4%
FYM; 3%
Labour costs 83% Synthetic
fertilizer; 1%
Herbicide; 1%

Machinery costs
8%

Figure 5: Proportion of rice production costs in LW 1998

In the Lingmuteychhu Watershed on average 60 kg of Urea and 11 kg of the
herbicide Butachlor is applied to rice. But already small quantities of
herbicides significantly reduce the labour time for weeding. Converting to an
organic system in the Watershed would thus mean: More labour for weeding,
collection of organic material (leaf litter) and for FYM application and
production (time for rearing cattle) and in most of the cases no significant
decrease of costs for material inputs. As a result, higher prices need to
compensate possible yield reductions and higher labour investments. The
higher price however will only be guaranteed through recognition of the
organic production system by certification.

In the more intensive rice cultivation at the station the costs for synthetic
inputs are found to be 18% of the total production. The organic production
canot compete with this system
because costs for these substances are low (5 Nu/kg of urea and 23 Nu/kg of
Butachlor) and yields are higher.

Sensitivity analysis and price estimation for organic rice
Table 20 estimates the required price difference for a competitive organic rice
production, either related to the same net returns or the same returns to

labour.

Table 20: Price estimation for organic rice (medium altitude zone), Bajo 2005

t hfr ough

Price estimation for organic rice | Organic : : Variantlb
. Conv. rice Variantla

per ha rice on : (same net
station on-station —(same net | . o 'to
adjusted 2000-2002 |returns): labour):

Rice variety IR64 IR64 IR64 IR64

Total produced paddy (rough 6'000 6'433 6'000 .

rice) 6'000

Total produced milled rice

(kg/ha) 3'600 3860 3'600 3'600

Average price milled rice 18.9 18.9 22.1 24.9

(Nu/kg) (+17%) (+ 31%)

Field Crops

r

€



| RNRRC BAJO ANNUAL REPORT 2004 - 2005 Page39 |

TOTAL GROSS RETURNS

(Nu/ha) 68'040 72'948 79'397 89'629
Machinery costs (Nu/ha) 7123 8538 12'006 12'006
Material costs” (Nu/ha) 4848 5758

Total (labour-days/ha) 265 178 265 265
Total labour costs

(Nu.100/labour-day) 26'515 17'775 26'515 26'515
-Total production costs (Nu./ha) |38'521 32'072 38'521 38'521
Total NET RETURNS 29'519 40'876 40'877 51'108
Opportunity costs of land 20'000 20'000 20'000 20'000
NET RETURNS to LABOUR

(Nu./day) 136 217 179 217
Production cost (Nu./kg) 10.7 8.3 10.7 10.7
FYM / compost 6 - 8t/ha 6 -8t/ha |6 - 8t/ha
@ Fertilization rate(Urea) 96kg/ha

@ Herbicide 38kg/ha

The net returns to labour for organic rice production is 136 Nu per day.
Although this is still above the prevailing wage rate of 100 Nu/day, the organic
rice farmer would earn 81 Nu/day less than the conventional rice grower with
the same price. Hence, net return to labour is a crucial parameter, especially
since labour is a limiting factor for the farmers.

Variant 1la in Table 20 shows that a price increase of 17% would be required
to cover the same net returns as in a conventional system. However the net
returns to labour would still be lower than in the conventional system. To
achieve the same daily net returns to labour a price difference of at least 31%
is needed, as calculated in Variantlb.

The sensitivity analysis in Table 21 estimates the minimum price for organic
rice needed to compete with that of Lingmuteychhu Watershed. The average
mixed price for red local rice was Nu 21.8 what still corresponds to the present
prices. 75% of the households use chemical fertilizer and herbicide, which
only constitutes 2% of the total production costs or approximately Nu 500 per
ha. Costs for machinery (land preparation) are low because most of the
households use oxen instead of powertiller.

Table 21: Price sensitivity analysis for organic rice, RC Bajo 2005

Rice cultivation LW . )
1998 Variant2:
Rice variety Local red rice Irin(":lgroved ==
Total produced paddy (rough 3847 3200
rice)
Total produced milled rice 23083 1'920
(kg/ha)
. : . 28.3
Average price milled rice (Nu/kg) |21.8 +30%

* Material costs include: Seeds, synthetic fertilizer, FYM, compost, herbicide

Field Crops
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TOTAL GROSS RETURNS

(Nu/ha) 50'322 54'325
Material & machinery costs . .
(Nu/ha) 4'334 3'900
Total (labour-days/ha) 185 216
Total labour costs . :
(Nu.100/labour-day) 18450 2l
-Total production costs (Nu./ha) |22'784 25'500
Total NET RETURNS 27'538 28'825
Opportunity costs of land 20'000 20'000
Net returns to all labour

(Nu./day) 141 141
Production cost (Nu./kg) 9.9 13.3
FYM kg/ha; 0.5Nu/ha 5000 7750
Urea kg/ha ; 5Nu/kg 60

Herbicide kg/ha; 23Nu/kg 11

Variant2 draws a possible situation: Assuming slightly lower yields that
originate from higher weed pressure and total lower fertilization rates with only
FYM. A higher fertilization rate is questionable since fodder and time for
livestock rearing is limited and leaf litter collection cannot be intensified. The
average use of FYM to rice is 7750 kg/ha (RNRRC Bajo and NSSC Semthoka
2001). The material costs are reduced with approximately 400 Nu without
using synthetic inputs but more FYM. Presuming that the additional labour
time needed for weeding is 31 LD (see Figure 4) a price increase of 29% is
required to reach at least the same net returns to labour as before.

Any economic analysis done at the research station possesses a designed
character differing in many aspects from reality (steady availability of laborers,
guaranteed irrigation, optimized inputs, mechanization). The results should be
considered as preliminary, bearing in mind that the existing cultivation practice
needs adjustment. The huge amount of compost produced for example is not
compatible to the farmerds practice
reduction of compost production reduces total labour input by 14 LD but this
would certainly influence rice yields. In order to gain more relevant data, future
economic analysis needs to be done at farm level.

It is assumed that the price for organic rice should at least make up the same
net returns or net returns to labour as prior to the conversion to make OF
interesting. The required price difference consequently depends greatly on the
previous production intensity and conditions. For farming systems that use
less synthetic inputs the step to organic farming may be smaller. But it should
be taken into account that the step to more labour-days can be a big one.

Field Crops
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Figure 6: Cost-benefit comparison between Organic and Conventional farming

Figure 6 summarizes the differences of price composition in an organic and
conventional system. The costs that can be economized not using chemicals
are of minor importance. Higher labour costs, possible lower yields and costs
for certification need to be compensated through higher prices. To achieve a
profitable level of net returns, subsidies could compensate one part of the
higher costs. Subsidies for organic farms are thought to be a reward for an
environmental friendly and nature conserving agriculture and at the same time
a compensation for yield losses.

Prior to conversion, markets need to be explored and guaranteed. In the
present case, organic rice production is not profitable without a higher price of
17 to 31% (certification costs not included) largely related to higher labor costs
for weeding and only slight cost reduction for synthetic inputs. When farmers
use herbicide and fertilizers, particularly in small quantities, organic rice
production cannot compete with the conventional production in terms of labour
and yield.

In conclusion, the analyzed organic system differs through more laborious
weeding with additional 31 LDs (compared to the conventional version at the
research centre). But rearing cattle for sufficient FYM production would result
indirectly to higher expenditures on time and costs. The production of large
amounts of compost is not compul sory
at RC Bajo.

and
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On average some 180 i 237 LD per hectare are needed to grow rice in
Bhutan (Dorji et al 1990). One may ask if farms which used synthetic inputs
already before are able to cope with an additional work load of 31 LDs for
weeding. Even if the critical minimum price which would cover all expenses
and would make a farm viable was guaranteed, would the manpower be
physically available? Farmers may not always be able to allocate work force
right in time and withdraw it from other farm activities. Where is the critical
limit for additional work load and in which time of the season? The answer will
very much vary among the farms as the span of labour-days already reveals.
Norbu and Floyd (1999) state that 48% of the hh in the Lingmuteychu
Watershed report a decline in household labour availability in the last 10 to 15
years. Research should therefore lay all emphasis on developing labour
saving cultivation methods that guarantee reasonable yields for marketable
and valuable crops.

After all, the benefit of organic farming lies not only within a higher price or
better net returns. How we value the returns in form of a healthy working
environment, a nature conserving and sustainable farming system is also
important. Although these long term benefits may be difficult to explain to a
farmer who struggles to make a living, they are the real profit of organic
farming and should be valued.

Field Crops
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2 HORTICULTURE RESEARCH

2.1  Subtropical Fruits and Low Chilled Temperate Fruits and Nuts

2.1.1 Pomegranate Variety evaluation trial

The pomegranate variety evaluation trial was established in 1994. The objective of
the trial was to evaluate the promising varieties for mid altitude dry sub tropical zone.
Five Cultivars of pomegranate (Beedana, P575, Amer shurin, Chawa and khandari)
with three plants each were planted in the trial orchard with a spacing of 6m x 6m
row to row and plant to plant. The trees were trained as modified center leader
system. The plants were irrigated during the dry period coinciding the time of
flowering and fruit setting period. Weeding, basin preparation, mulching and
application of fertilizer were done as recommended.

Out of five cultivars, the vegetative growth was good in all the varieties except for
P575 cultivar. Beedana was identified as the earliest cultivar maturing by the first
week of August and other three cultivars at the end of August. No major pest was
observed other than bird damage on early cultivar Beedana. Chawla was susceptible
to fruit rot and spliting. The plants started fruiting after 3 years from transplanting but
only one to two fruits per tree till fifth year of transplanting. Table 22 gives tree
characteristics of the cultivars, Table 23 and Table 24 the yield and quality of fruit.

Table 22: Morphological characteristics of five pomegranate cultivars

. Tree , : .
Cultivars appearance Bloom time Leafing | Harvest time
Beedana Semi vigorous Late March to late April March 1* week of Aug.
P5 75 Semi vigorous | Early to mid April March 2" week of Aug.
Amar shurin | Semi-vigorous | Early to mid April March 3" week of Aug.
Chuwla Semi- vigorous | Early to mid April March 3" week ofAug.
Khandari Semi-dwarf Early to mid April March 3" week of Aug.
Table 23: Fruit characteristics and quality aspect of five pomegranate cultivars

Cultivars Shape | Diameter | Length | Fruit Fruit flesh | TSS | Fruit

(cm) (cm) skin color (%) | taste

color
Beedana Round | 7.5 6.9 Pink Light red 13 Sour
P575 Pear 8.4 9.4 brown Red 13.1 | sweet
Amer Shurin Round | 8.8 8.4 brown Light pink | 12 sweet
Chawla Round | 7.9 8.4 brown Light pink | 14.1 | sweet
Khandari round | 7.9 5.9 brown Light red 16 sweet
Table 24: Average yield (kg/tree) trend of five pomegranate cultivars
Cultivars Year
2000 2001 2002 2003 2004 2005 Average

Beedana 11.5 24.3 17.5 29 23.8 11.4 19.58
P575 2 8.2 2 0 0 1 2.20
Amar shurin 18.8 20 22 5.6 43 6.2 19.26
Chawla 215 30.6 23 18 38 174 24.75
Khandari 3 23.5 11.5 14 26.7 14.5 15.53
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All the cultivars have round shape fruits except P575, whose fruit is pear shaped.
Beedana has beautiful pink skin colour fruit while all other cultivars are brown. There
is a significant difference in TSS content of fruit juice, with Khandari the highest and
Amar Shurin the lowest. There is also difference in taste of the fruits. Beedana is
sour while all others have sweet taste. The variation in fruit flesh colour is from red to
light pink. Alternate bearing habit was observed for all the cultivars. P575 did not
perform well under Bajo condition and produced significantly low yield among all the
five cultivars. Considering all the fruit charactersistics, yield performance and pests
tolerance, Khandari cultivar seem to be promising. It may be recommended for
release for gener al cultivation since
formally yet. On-station pomegranate variety evaluation will be terminated and the
cultivars will be maintained in the scion wood collection block as mandated.

2.1.2 Guava variety evaluation trial

The guava variety trial was established in 1995. The varieties evaluated were Pink
Flesh, Thai Giant, Allahabad Safeda and local variety. The main objective of the trial
was to assess the variety suitable for the mid-altitude growing environments. The
four varieties with three plants in each replication were planted with spacing of 6m x
6m plant to plant and row to row. The trees were trained into open center system.
The basin preparation, mulching, weeding and plant protection were done as
appropriate. FYM was applied in winter and varying dose of fertilizer as appropriate
with age of the tree was applied in May-June and top dressed in September-
October. Irrigation was done in dry period mainly in winter, spring and early summer
prior to monsoon. The parameters of evaluation included time of crop maturity,
quality, yield and pests and diseases.

The plant started fruiting after two years from planting. The plant started flowering in
the month of May and the fruit matured in October. The growth of all the plants was
good. There were no major pests and diseases observed during the trial period
except bird damage and canker disease. However, Thai giant and Allahabad Safeda
were quite susceptible to fruit rot. Table 25, Table 26 and Table 27 provides
morphological characteristics, fruit quality aspects and the yield recorded as of 2004.

Table 25: Morphological characteristics of four Guava cultivars

Cultivars Tree growth Bloom time Harvest time
Pink flesh Semi vigorous May Mid Sept to Oct.
Thai giant Semi vigorous May October
Allahabad Safeda | Dwarf May October

Local Semi vigorous May October

Table 26: Fruit characteristics and quality aspect of four guava cultivars

Cultivars Fruit Diamet- | Length | Skin color Flesh taste TSS
shape | er(cm) | (cm) color

Pink flesh | round | 6.6 6.4 Light yellow | Light sweet 11.6

pink
Thai giant | round | 7.5 7.0 Green & Whitish | sweet -
rough green

Allahabad | round | 7.0 6.0 White & Yellow sweet 10.26

Safeda smooth

Local round | 6.63 6.86 cream White sweet 12

Horticulture
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Table 27: Average vyield (kg/tree) trend of four guava cultivars

Cultivar 1999 2000 2001 2002 2003 2004 Average
Pink flesh 5.18 8.23 10.5 154 34.25 14.45 14.66
Thai giant 5.22 0 8.9 39.30 6.2 42.3 20.38
Allahabad 2.7 7.1 5.8 4.18 3.4 8.45 6.33
Safeda

Local 4.75 9.93 11.3 10.13 15.58 14.22 13.18

There were significant differences in the yield of cultivars - Allahabad Safeda
produced significantly lower yield compared to other cultivars. Thai giant has hard,
green and rough skin, less juice content and quality of fruit is poor. Pink Flesh and
local cultivar have consistently produced better yield, higher TSS value, quality fruits
and consumers preferred them. Local cultivar has creamy light yellow skin and white
flesh colour and fruit is aromatic. This variety trial will be terminated from this year.
Pink flesh and local cultivars are recommended for release for general cultivation.

2.1.3 Mango variety evaluation trial

The mango variety trial was established in 1995 with an objective to identify and
evaluate the best variety for mid altitudes. The varieties were Chausa, Himsagar,
Langra, Gulabkhas, Amarpali and Deshari. Single plots with three plants for each
treatment. The spacing of 8 m x 8m was kept between plant to plant and row to row.
The young plants were protected from frost by having a thatched roof made of paddy
straw in the winter. Trees were trained to centre leader system and pruning,
particularly removal of dead and diseased twigs, was done when needed. Basin
preparation was done twice, once in spring and in Autumn after the crop harvest,
followed by fertilizer application and mulching immediately.

Perfomance parameters like vegetative growth, precocity, cropping habit, yield and
pests and diseases incidence were recorded and are presented in Table 28, Table
29 and Table 30. Two cultivars Chausa and Gulabkhas did not survive under Bajo
conditions. The growth of all other cultivars was good. No insect pests and diseases
were observed till last year but from this year fruit fly infestation in all the cultivars
was observed.

Table 28: Morphological characteristics of four mango cultivars

Cultivars Tree appearance Bloom time Harvest time

Himsagar Semi vigorous Mid March to April 2" week of
August

Dashehari Semi vigorous Mid March to April 2" week of
August

Langra Vigorous Mid March to April 3" week of August

Amarpalli Dwarf Mid March to April 2" week of Sept.

Horticulture
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Table 29: Fruits characteristics and quality aspect of mango cultivars

Cultivars | Shape | Diamet | Length | Flesh Skin color taste | TSS
er (cm) | (cm) color
Himsagar | Oblong | 8.3 9.9 Yellow | Lightgreen | Sweet | 15.5
& smooth
Dashehar | Oblong | 6.4 10.1 Orange | Light green | Sweet | 18
[ & smooth
Langra Oblong | 7.3 9.3 Yellow | Light green Sweet | 18
and smooth
Amarpalli | Oblong, | 10.9 8.1 Yellow | Green & sweet | 20
pointed smooth
tip
Table 30: Average yield (kg/tree) trend of four mango cultivars
Cultivar 2000 2001 2002 2003 2004 2005
Himsagar 7.9 6.6 11.3 0 12.3 3.5
Deshari 4.5 9.43 2.5 10.1 15.8 4.3
Amarpalli 7.25 3.1 10.8 0 24.3 25.7
Langra 0 6.52 1.6 13.8 6.3 1.6

Desheri and Himsagar were harvested in mid August and observed as the earliest
maturing cultivars followed by Langra under Bajo condition. The late variety
Amarpalli was harvested in second week of September and also it was the sweetest
variety compared to all other cultivars. Amarpalli is a dwarf cultivar and
recommended for high density planting. The fruit coloration of all varieties is poor
under Bajo condition, remaining green to light green in colour even after ripening.
This may be major limiting factor for successful marketing of mango produced in mid
altitude of Bhutan, thereby limiting its cultivation. The same mango cultivars
produced in India are glossy and attractively yellow in colour. However, the taste and
TSS content of mangoes produced under Bajo condition is comparable to Indian
mangoes. Therefore, mango production for processing and local market may be
possible in mid-regions of our country. Dashehari as early, Langra as mid and
Amarpalli as late cultivars are recommended to release. On-station mango variety
trial will be terminated and promising mango cultivars will be maintained in the scion
wood block in the Centre.

2.1.4 Cardamom Variety evaluation

The cardamom variety evaluation trial was established in 2000 as an on-farm trial at
Tsokana geog in Tsirang. The varieties tested are Bharlanghe, Dzongu golsey,
Ramsey and Swaney. The objective of the trial was to find out the suitability,
productivity, and pest and disease tolerance of different cultivars across various
agro-climatic regions of Bhutan. The trial is also conducted to develop a first hand
data base on cardamom husbandry under Bhutanese condition and to develop
recommendation based on long term observation.

The trial design is laid out in randomized completed block design with 3 replications
(25 plants per replication) with four cultivars. The plot size of each treatment is 36
m?. Plant spacing of 1.5m x 1.5m plant to plant and row to row and 3m gap was
maintained between the borders of each treatment.
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The growth of all the four varieties was good and free from pests and diseases.
However, plant density is less, as many did not survive after transplanting. All the
four varieties took about 3 years from transplanting to fruiting. Harvesting was
completed but drying and processing was not completed at the time of reporting.
Details will be reported in the next annual report.

2.1.5 Maintenance of fruits mother plant or scion bank

The mother plants or scion bank of newly released Bajo apple, Bajokham-1 and 2
(peach), Bajokhamchu-1 (apricot), Bajolea-1 (pear), Bearss (lime), Bajo apple,
Perlette, Muscat of Alexandria (grapes), Drake, Texas, Dhebar Bhadan and Kagzi
for general cultivation are being maintained at the Centre as mandated. A total of 28
citrus cultivars are also being maintained as germplasm collection and as sources of
scion wood.

2.1.6 Evaluation of top-working as alternative method for walnut orchard
development

Walnut orchard development gained momentum with the commencement of 8" five
year plan as one of the priority commodities for horticulture development in the
country. The walnut orchards being developed from seeds have resulted to a huge
variation in the orchard yield and nut quality. These seeds probably were imported
from European countries and America. The grafting techniques have been studied
and successfully demonstrated for use by Druk Seed Corporation and private
nursery growers but there are no mother plants established in the country to be used
as sources of scion wood. In eastern and central Bhutan, private nursery operators
promoted by the Ministry of Agriculture are producing and supplying soft-shell walnut
seedlings. But we need to discourage the supplying of seedlings to the growers to
avoid undesirable inherent characteristics of seedling plants (> 50% of soft shell
seedling walnut produces hard shell walnut) and to derive the benefit of uniformity,
precocity and trueness to type of the grafted plants.

Top-working is termed as a process when comparatively older rootstocks are grafted
or budded at the higher level (1Im above the ground) in the production field. It is
usually adopted for the conversion of wild large seedlings into production of
commercial plants or inferior cultivars to improved ones or to provide pollinizers. This
method appears to be appropriate for us.

Materials and methods

Local hard-shell walnut seedlings were transplanted in the production field at Naji in
Punakha and Sha Komathang in Wangdue. A large number of wild walnut trees (J.
regia) in farmersofields were also top-worked with improved cultivar (Franquette).
Two to 10 years old seedlings were top-worked in March and April when the plants
are growing actively between 1300 to 2300 masl. The dormant scion wood (cv.
Franquette) was cut from parent tree in advance, waxed and stored in the
refrigerator at 4°C after proper packing. The local hard-shell walnut (J.regia)
seedlings were top-worked when they are 3 to 5 years old. Bark grafting was used
as a technique either for top-working or frame-working. Frame-working or grafting of

Horticulture



‘ RNRRC BAJO ANNUAL REPORT 2004 -2005 Page49

branches is done for top-working of grown up trees. Three to five branches with wide
angles and the projection in all the directions are retained for this purpose and other
branches are removed. After bark grafting, the open wounds were covered by
grafting wax and in some cases re-waxing was done. The graft union portions were
wrapped with thick polyethylene plastic and stump were white washed to protect
from sunburn. The suckers or water shoot from stock were removed as and when
they appeared. Staking of successful top-worked plants was done to avoid breakage
by strong wind. The plastic covering the graft unions was removed once the union
formation was complete.

Results and discussion

The frame working resulted in 92% graft take while top-working particularly older
trees resulted in graft take of 70-80% in altitudes of 1300 to 2300m. Fruiting
commenced after two years of operation in altitude of 1300-1800m and in 3 years
above 1900m for 3-4 years old seedling trees. If younger stocks (< 3 years) are top-
worked it takes 3 years to fruit after operation.

Sap bleeding is a problem in walnut top-working especially when it is done in early
spring. This can be avoided by heading back the stock before two weeks of actual
operation. Frame-working or grafting of branches is desirable over top-working in
grown-up trees, for quicker healing of wounds, higher graft take, earlier production
and higher yields. The thick plastic wrapping encourages callus formation and
hastens tissue union and wound healing process. To protect from sunburn, the stem
portion needs white washing and no shoot other than the scion should be allowed to
grow on the plant. An added advantage of top-working is that the scions make rapid
growth and commence bearing earlier than transplanted trees. Staking with small
poles is effective in preventing breakage of topworked graft union by strong wind.

Top-working is best practiced for seedling stock of below three years old where
wound healing is easier and higher percentage of graft take is obtained. Frame-
working can be safely practiced for seedling stocks of above three years old in
between the altitudes of 1300 to 2300m. However, if older walnut trees are top-
worked, wound healing process is slow and the economic production period of the
top-worked walnut needs to be assessed.

2.1.7 Pear and persimmon seed germination trial

The trial was conducted to investigate the effect of time of sowing and chilling
treatment in local pear and persimmon seeds germination for percentage and
seedling survival rate under mid-altitude dry subtropical areas. This is done for the
purpose of raising rootstock of above crops. The treatments consisted of:

1 October sowing of each crop seeds without artificial chilling treatment.

1 January sowing with each crop seeds and 1.5 months chilling treatment of
seeds at 4°C.

1 March sowing with 3 months chilling treatment at 4°C.

A total of 100 seeds each of pear and persimmon were sown in germination trays in
mid of October 2003, January and March 2004. All the seeds were sown in the same
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sized germination trays, potting mixture and under the 75% partial shed house. Both
pear and persimmon were potted in polybags a few weeks after germination and
were allowed to grow in the same environment for about 2 months. After that pear
was planted in the open field nursery to allow plants to grow freely.The germination
was observed at weekly intervals and the last count of germination was done 2
months after March sowing. Number of germinated plants in all treatments was
counted in July 2005.

Results and discussion

For pear, there was no germination of seed sown in January, only 2% germination
for October sowing and about 80% germination when sown in March. There was
about 40% germination for March sown persimmon seeds and 10% germination for
other two treatments. This clearly showed that pear required 3 months chilling
treatment at 4°C prior to sowing. Nursery in mid altitudes needs to be done under
partial shed as the temperature is too hot in spring under Bajo condition. Pears and
persimmon are temperate crops and mild climatic conditions are ideal for their
growing. Irrigation management is critical for pear and persimmon nursery, soll
moisture content has to be at field capacity once they are sown. Interrupted wetting
and drying is injurious to germinating seeds and hampers germination. Pear
seedlings growth in the open field nursery planted from shed house is not very good
but the survival is about 90%. Pear and persimmon nursery trial needs to be
continued to understand problems in the mid altitudes zones.

2.1.8 Nursery management and plant propagation

The planting materials of various fruit crops are produced in the centre for meeting
the requirement of on-farm testing and promotion of released fruit cultivars through
research outreach program in focus villages. The propagation techniques
successfully tested and planting materials produced are in Table 31.

Table 31: Grafting technique and number of planting materials produced

Crop Grafting No. of planting Remarks

Technique | materials produced
Sub-tropical Whip 100 All the planting materials are
apple used for establishing on-farm
Disease free T-budding | 500 demonstration and on-station
Citrus rootstock research trials. Some of the
Peach Whip 100 planting materials also made
Apricot Whip 227 available to Schools,
Walnut Whip 244 Dzongkhag administration and
Pecan roostocks | Whip 1400 other Govt. organization on
and grafts request.
pear whip 65
mango Cleft 140
Grapes cuttings 80
Pomegranate Cutting 110
Guava seedlings | 1200
Passion fruit seedlings | 2500
Citrus rootstock Different 1200 All these rootstock will be used
Walnut rootstock | Rootstock | 1500 for propagating the promising
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Avocado 50 cultivars that are to be used for
rootstock establishing on-farm

Apple rootstock 60 demonstration

Peach rootstock 200 orchard/outreach programme.
Apricot rootstock 100

Pear rootstock 300

Persimmon Rootstock | 50

Mango Rootstock | 150

2.1.9 On-farm Evaluation of Fruit and Nuts Crops

Evaluation of station-proven planting materials i n f ar mer 6s fi el ds ha:
requisite before recommending the materials for general cultivation. The objective of

on-farm testing is to identify superior genotypes that perform b e s t under farmn
management capability. Testing suitability of materials under major agro-ecologies is

another aim.

Horticultural crops especially fruits are important cash crop in the region. Among
fruits, citrus and cardamom are priority cash crops in the region. Citrus is the most
important sub-tropical fruit covering an area of about 1036 hectares (LUPP, 1995).
The citrus industry, however, is based on few species grown under modest levels of
inputs. The most popular mandarin grown in Bhutan is Citrus reticulata. Going by the
sources of already introduced materials, it is believed that in general citrus grown in
the country has a narrow genetic base. Therefore, it implies that the citrus industry is
vulnerable to pest outbreaks as has happened elsewhere.

RNRRC Bajo has been introducing popular crops and their varieties from outside
with the objective of diversifying the cultivation of fruit, nuts and spices. Some of
these materials are ready to be tested in on-farm under wider agro-climatic
conditions and management levels. Unlike cereal and vegetable crops, however,
tree crops are perennial and have longer juvenile phase. Further, in tree fruits many
of plant growth aspects and performance parameters cannot be determined at the
station level since it would take longer time and at the same time the suitability of
materials generated may be limited by conditions prevailing at the station. Placing
these materials early on under on-farm would not only gain time but would result in
identification of materials appropriate to different agro-ecologies. However, once the
new materials are planted in the field, observation, monitoring, and management of
crops needs to be continued until fruiting.

Two on-farm approaches to test horticultural materials are foreseen. One approach
is to distribute the materials directly to farmers and monitor while the other method is
to identify permanent test sites representing various agro-ecologies. In the former
approach, monitoring would be extremely difficult besides subjecting trees under
variable management levels. The latter approach of identifying permanent sites is
preferred as it will not encounter any of above problems but may require some initial
investment at the sites. It is worth making the initial investment since the site will be
available for testing for a minimum of 10 years during which several species would
have been evaluated. Considering these advantages it was considered that
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permanent sites would be required for on-farm testing of fruit species. The main
objectives are:

1 Multi-location evaluation of new fruits and nuts cultivars and identify superior
genotypes that perform best under existing farmers thanagement

1 The test site in the longer run will serve as a demonstration plot for
showcasing of new fruits and nuts cultivars and their management practices

Materials and Method

The permanent test sites and farmer co-operators were identified and proposed by
Dzongkhags and RNRC-Bajo representing the spectrum of agro-ecologies found in
the region. The proposed sites were physically verified based on the selection
criteria developed for the same and written agreements were signed with the co-
operators. Ten permanent test sites (two sites in each Dzongkhag) were identified.
Since the co-operator had to bear risks of testing new materials, fencing and planting
materials and supplementary inorganic fertilizers were provided free of cost as
incentives. The calendar of operations was discussed and agreed to be implemented
jointly by the farmers and extension staff as advised by researchers. Field
implementation, monitoring, data collection and reporting of the trial in the
Dzongkhag are to be done by the extension agent in the geog. Researchers have to
ensure supply of inputs, backstop extension and co-operator farmers in care,
management, monitoring and data collection of the trial. Researchers also have to
write up performance reports across locations and conduct farmer® field days in
collaboration with respective Dzongkhags. Two trial orchards of assorted fruits crops
in all five Dzongkhags of west-central region have been established.

Preliminary results and discussions

It is too early for a full report since planting in all the sites could not be completed
until 2004 due to non-availability of planting materials. However citrus, Bajo apple,
peach, pomegranates and chestnut were planted in most sites as early as 2001.
These crops planted earlier have started bearing fruits from a few sites.

Bajo apple has fruited in Omtekha, Rubesa, Kabji and Dagapela and its performance
is good. Farmers could harvest 5i 10kg of fruit per tree and marketed locally without
any difficulty @ of Nu. 70 per kg. Farmers in these sites want to expand cultivation of
Bajo apple compared to other fruit crops. However, large scale promotion might
entail market problems since it has a very short shelf life (less than a week) and not
very suitable for export purposes. Its performance is very good in the altitude range
of 1250m to 1500m; it performs poorly above or

below this range.

Chestnut (Pic 1) fruited in Omtekha and Rubessa
trial sites, but many unfilled nuts were observed
which may due to poor pollination since only one
cultivar was planted. There are plans to frame-work
some of branches with other varieties and also plant
additional varieties that were introduced recently.

Pomegranates started fruiting in Rubesa trial site
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only and farmers find it very easy to market in the local market.

Lime and orange (Valencia) also fruited in Rubesa and Kabji trial sites. Rubesa
farmers find it difficult to market them in Wangdue while Kabji farmers could sell in
Thimphu market easily. Lime has a huge market in India, as it is a part of every
Indian meal. Though Valencia is sweet and internationally popular, local consumers
are not used to it since it is difficulty to peel. It might take some time before South
Asian markets accept it as that of local mandarin. Valencia fruits hold on to the tree
for a long time and farmers could harvest in March which is off-season for citrus.

Peach variety Bajokham-1 fruited in Yamina, Kabji, Salambi, Omtekha and Dagapela
demo-orchards. The highest yield record of 44.5 kg per tree was from Yamina. All
collaborating farmers except a few from Yamina feel that peach cultivars are better
than the local cultivars and found no difficulty in marketing them. Yamina farmer had
harvested about 44.5 kg of fruits per tree but could not sell because of distance from
the market. The fruit ripening and time of harvest of both improved and local peach
coincided at the same time in higher elevation like Yamina (1900m) where farmers
prefer local Loshukham variety to improved ones. Therefore from this multi-location
trial it may be concluded that the market acceptance of Bajokham-1 and 2 is high in
the low and mid altitudes as the fruit appears first in the market and fetches premium
price but this is not the case at higher elevation of 1900m and above. First peach
harvest from the trial site in Salambi also had some difficulty in selling fruits in local
market as people were suspicious of its quality since it appeared very early in the
market. Consumers in Tsirang thought those peaches were dropped fruits of local
varieties.

Preliminary results of date palm trial (Pic 2)
showed good vegetative growth at Pinsa,
Baychu and Bhur farm and very poor growth at
Bajo Research Centre indicating that date palm
will not perform well under Bajo and alike
climatic conditions (1300m). The vegetative
growth indicates that date palm can do well in
areas of 900m and below with mild winters.
However, it is too early to make any conlusions
at this stage.

2.1.10 Translating research into communication materials

Some of the publications and recommendation submitted or produced by the sector
are as follows:

91 Additional New Technologies in Horticulture: Booklets on newly released
fruit and vegetable cultivars, production management technologies
published and circulated to the Dzongkhags in the region.

1 Leaflets on walnut propagation under ambient condition published and
circulated at national level.

1 Effect of time of grafting on walnut graft success under different altitudes
ranges, paper published in Acta Horticulturae, 5" International walnut
Sympoium, Proceedings. International Society for Horticulture Science
(ISHS), November 9" to 13", 2004.
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1 Participated in writing the book i Faci | i t at i negiencesha@nge:

Lingmut ey Ch whick& ureler gublieatiod by RNRRC-Bajo.
2.2 Vegetables
2.2.1 Watermelon variety trial

Watermelon is a vegetable when green and a refreshing fruit at the ripe stage. It is a
warm season crop and its growth is poor in cold weather. Watermelons have a good
market and are popular among consumers. Indian watermelons appear only in
spring season. However, demands in the markets are high in summer season. It is
possible to grow watermelon in lower elevation of our country and harvest in summer
season. Thirteen hybrid watermelon varieties from Thai, Royal foundation project
and Marcapolo Seed Company were evaluated for their yield, fruit quality and
resistance to pest and disease in 2004. The same trial was continued in 2005 with
nine hybrid varieties, as the seeds of other varieties were not in sufficient amount.

The experiment was conducted from April to August 2005 in RNRRC Bajo. A
randomised complete block design (RCBD) with three replications was used. The
plot size was 10m? with one bed per plot. Watermelon seeds were sown on April 13,
2005 in poly pots containing a mixture of FYM, sand and soil at 4 : 1: 2 . Seedlings
were transplanted in the field on May 18, 2005 with one row in a plot and five plants
per row. The spacing used was 2 m from plant to plant. Fertilizer was applied at the
rate of 45: 35: 25 kg per ha and with 1 kg FYM per pit. Pit size was 25 cm wide and
25 cm depth. Weeding and irrigation was done as and when necessary. Harvesting
was done in August 3, 2005 for all varieties. Yield and fruit charatistristics (Table 32 )
of watermelon varieties were analysed using ANOVA in Genstat.

Table 32: Yield and fruit characteristics of watermelon varieties
Treatment Yield TSS F. length | F. width | Av. f. | Fruit skin colour | Fruit

(t/ha) | (%) (cm) (cm) wit flesh
(k@) colour
Sugar baby | 10.77 |14.00 | 15.83 15.83 2.133 | Dark green Red

Yad phate 11.77 | 17.20 | 15.37 14.73 1.567 | Dark green stripe | Red
New jintara | 13.03 | 17.67 | 19.67 19.67 1.900 | Light green stripe | Red

Jinda 18.10 | 16.40 | 19.33 19.33 2.133 | Green stripe L. Red
manee

New red 12.47 | 13.00 | 14.50 14.50 2.000 | Light green stripe | Red
delicious

Shawing 13.67 | 16.73 | 17.50 17.50 1.967 | Green stripe Red
175

Jumbo 20.67 | 14.73 | 18.33 18.33 2.867 | Dark green stripe | Red
jintara

Flower 13.63 | 12.33 | 19.00 19.00 2.500 | light green stripe | Red
dragon

Fine light 18.17 | 13.67 | 26.00 26.00 2.100 | Light green stripe | Red
Ten bow 2410 | 12.67 |17.67 17.67 2.700 | Light green stripe | D.
Red

F. prob 0.001 | 0.001 | 0.096 0.282 0.033
L SD 4.8 2.249 |6.703 4.242 0.70
CV% 9.5 1.9 54 2.2 6.8
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The crop was attacked by pumpkin beetle at the seedling and early growth stage, but
its population was not so high. It was controlled by spraying and dusting Malathion.
At fruiting stage the crop suffered fruit rot due to continued heavy rain.

Statistical analysis showed there was significant difference in yield of the watermelon
varieties. Ten Bow yielded significantly higher (P= 0.001) than all others varieties
except Jumbo Jintara and local check Sugar Baby yielded the lowest. The fruit sizes
of most of varieties are medium to large, average fruit weight ranged from 1.567 kg
to 2.867kg. Jumbo Jintara produced significantly heavier weight fruit (P = 0.05) than
all entries, except Flower Dragon, Fine Light and Ten Bow. The fruit quality of all the
exotic varieties was good. Yatphat and New Jintara were sweetest. The local check
recorded significantly lower total soluble solute contents. All the varieties did perform
well under Bajo conditions. The fruits of all these cultivars were evaluated for taste
by farmers and government officials of different agencies. Feedbacks received were
positive but these varieties are hybrids and seed production is an issue. The hybrid
cultivars yielded significantly high and have better taste and consumer preference
than the only commercially available local variety sugar baby. Therefore, varieties
like Yat Phate, New Jintara, Fine Light and Ten Bow are recommended, if MoA
decides on promotion of hybrid melons.

2.2.2 Brinjal varietal trial

Brinjal is a popular vegetable grown in the early spring to summer in the rice based
cropping system and in late summer season in the upland. At present local variety
(Paro local) and Pusa Purple Long (improved variety) are being widely grown in
Bhutan. Many consumers prefer Paro local than PP Long. However, Paro local has
poor adaptability, poor resistance to pest and diseases compared to PP Long. Since
there is limited choice of varieties, two open pollinated varieties from BARI,
Bangladesh and two hybrid varieties from Sungro Seed Ltd, India were tested for
yield and resistance to pest and diseases. The trial was established in late summer.
The same trial was continued in 2004 and was established in early spring summer
season to see their performance during that time of the year. This change of
establishment time was done because the problems associated with the cultivation
of brinjal are different in the wet season from those in the dry season.

The seed was sown in March and transplanted after one month. Transplanting was
done at the spacing of 50 cm x 50 cm in the plot size of 1 m wide and 5m long with
three replications. All necessary cultural practices were carried out as appropriate
and recommended fertilizer dose for brinjal was used. New varieties were BARI- 1,
BARI-4, HYB-PPL-79, F1-HYB-PK-123 and Pusa Purpal Long as local check.
Observations were made on fruit type, total fresh yield and incidence of fruit borer.
The data were analysed using GENSTAT and the mean yield, fruit character and
incidence of borer are given in Table 33.

Table 33: Mean yield, fruit character and borer incidence of brinjal varieties.

Cultivars Yield (t/ | Fruit colour | Fruit Flesh colour Incidence of
ha) shape fruit borer

PPL 28.93 Dark purple | Slender Greenish white | Mild

BARI-1 17.00 Purple Tip blunt White Mild
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BARI-4 24.40 Dark purple | Oblong Greenish white | Mild
HYB-PPL-79 30.73 Dark purple | Slender Greenish white | Mild
F1-HYB-PK-123 | 33.67 Dark purple | Oblong Greenish white | Mild

F probability 0.001
LSD 3.418
CV% 0.5

F1 HYB-PK-123 produced significantly higher yield (P = 0.001) than any other
entries but its fruit size was too big for the market. HYB-PPL-123 had similar fruit
type to Pusa purple long. BARI-1 yielded lowest among all entries but its fruit size is
smaller and appropriate for the market. BARI-1 and 4 showed tolerance to frost
compared to PP Long. Taking into consideration all quality aspects of brinjal
cultivars, BARI-1 & 4 seem promising. Therefore, it is planned to observe their
performance and market acceptability by evaluating in multi-location on-farm trials in
next cropping season under farmer management conditions.

2.2.3 Tomato Variety Trial

Tomato is one of the most important vegetable crops cultivated all over the world
and it is a popularly grown in the early spring and summer in the mid altitude regions
in the country. Many varieties have been developed for high yield, quality and
resistance to biotic and abiotic stress. Attempts are also being made to select
varieties highly adaptable to a particular location. In this regard, it is important to
exchange and evaluate varieties developed in different countries to identify the most
promising variety suited to our conditions and preferred by our consummers. For
these reasons, eight tomato varieties from AVRDC were evaluated for their
performance under Bajo condition.

The seeds were sown in the nursery on 20" May and made ready for transplanting in
July. An RCB design was used with three replications. Each plot contained at least
20 plants. The plant to plant and row to row distance was maintained at 60 cm and
50 cm respectively and planted in beds of about 1 m wide and 6m long. Varieties
tested were BSS 99, CLN 495 Bc F2 265-9-0, CL 143-0-10-3-0-1-10, CL 5915-93-
D4-1-0-6-1, CL 1131-0-0-13-0-6, CLN 65-349-D5-2-0 and Roma (local check).
Fertilizers were applied @ 25:50:40kg /ha with 40t/ha FYM. Three hand weedings
were done. The detailed yield data, other horticultural traits and incidence of major
pests and diseases were recorded. The data were analysed using Genstat (one-way
analysis of variance with blocking) and the mean yield and their horticultural
characteristics are given in Table 34.

Table 34: Average yield and other characteristic of tomato varieties

Treatment Fruit Fruit Fruit per TSS Fruit wall Fruit Yield
length  width  cluster (%) thickness  weight (tha)
(cm) (cm)  (no) (cm) (@)

BSS 99 3.7667 3.867 5.967 3.633 0.700 40.73 24.40

CLN495Bc F2 4.1333 3.633 6.300 3.300 0.600 34.57 9.60

265-9-0

CL 143-0-10-3- 4.5000 4.200 5.967 3.200 0.600 38.47 15.33

0-1-10

CL 5915-93-D4- 3.7667 5.300 5.000 4200 0.633 71.20 17.00

1-0-6-1
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CL 1131-0-0- 3.6667 3.833 5.333 3.633 0.600 40.73 19.33
13-0-6

CLN 65-349- 4.2000 4.300 5.700 4.100 0.600 46.17 23.00
D5-2-0

Roma 5.7667 4.467 5.433 4.067 0.833 67.23 20.00
F Probability 0.001 0.001 0.02 0.001 0.06 0.001 0.001
LSD 0.06 0.26 0.714 0.303 0.163 1.266 4.829
Cv 3.2 2.7 4.5 2.2 4.6 15 14.1

Released and popularly grown cultivar-Roma and new cultivars BSS 99 and CLN 65-

349-D5-2-0 yielded significantly higher (P = 0.001) than any other newly introduced

tomato varieties from AVRDC Thailand. BSS99 has medium size fruit and round

shape while CLN 65-349-D5-2-0 is bigger in fruit size. These two varieties seem to

be promising and seed production of these varieties will be done so that they can be

tested under farmers6 management practice s . Consumer 0s prefere
evaluated against the currently available cultivar Roma.

2.2.4 Cucumber variety evaluation trial

Cucumber is a popular summer vegetable grown all over Bhutan. The main
cucumber growing areas in the region are Thinlaygang and Nobgang. Almost all of
their harvests are sold in the Wangdue, Punakha and Thimphu weekend markets.
Main varieties grown by the farmers are the local long green type (Shabi genchu)
and Thinlaygang Local, which has a smooth dark green skin (also called Dhomi
genchu). These varieties come to harvest at almost the same time and therefore
flood the market at the same time. The objective of this trial was to assess the new
varieties for suitability to stagger the harvest season and for yield and other
characteristics. The centre received three new cucumber varieties from HRH Prince
Namgyel Wangchuk through the Ministry of Agriculture for testing.

The seeds were sown in pots filled with a mixture of compost and soil, on 13 April
2005. Transplanting was done on 10 May 2001.The trial was laid out in RCB design
with three replications and there were 5 plants per replication. A popular local variety
from Thinlaygang was included as the check. Well rotten farmyard manure was
applied at the time of land preparation. Hills were then filled with a handful of suphala
and mixed before transplanting. Top dressing with nitrogen was done during fruit
setting. Hoeing and other cultural practices were done manually. The mean yield and
other fruit characteristics are given in Table 35.

Table 35 :Mean yield, fruit characteristics of cucumber varieties.

Cultivars Yield (t/  Fruit Fruit length Fruit breadth Incidence of
ha) weight (cm) (cm) powdery
(kg) mildew
Norgoan 6.7 0.6 15 25 mild
Bavipal 11.2 1.2 29.5 5 severe
Rampali 19.5 1.1 16 4.5 mild
Thinley gang 20.1 1.3 30 10 resistant
local
LSD 12.30

CV% 21
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There was no significant difference in the yield of different cucumber varieties.
However, the taste of the introduced varieties is poor and not preferred by the
consumers. Variety Norgoan was the earliest to flower and fruit. It matures about two
weeks before the local variety. The fruit size was small, short, and very green and
tender. The fruits turned dark brownish and round when matured with about three
deep ridges. The fruit was sour and very juicy. Rampali is late maturing. It matures
about thirteen days after the local variety. The fruits are juicy with higher water
content. It was observed to have more seeds and less flesh. Bavipal has long dark
green fruits and looks similar to the local Dhomi genchu. It matures later than the
local variety but earlier than Rampal. It was observed to be highly susceptible to
powdery mildew in the early growth stage.

Thinlaygang local is the most popular variety grown by the farmers in the area. The
fruits are light green and very juicy. It is popular with consumers and it the preferred
variety. The local variety was found to be more resistant to powdery mildew. The
adaptability test was also done in Thinlaygang and Kabji, popular cucumber growing
areas in the earlier years. Farmersofeed back was that all the new varieties had their
own advantages. Norgoan was less preferred due to the shape and its characteristic
of maturing @Atoo s oo medfrom Thiseeartsinéeanb addes
advantage was observed over the local variety.

2.2.5 Effect of mulching on chilli yield and blight incidence

There is a high demand of green Bhutanese chili in the local market if it is produced
early within the last week of April to second week of May. During this period the cost
of green chilies goes as high as Nu. 100 to 150 /kg and it is one of the important
cash crops for the farmers in the mid-altitudes. However, there are many difficulties
to produce early chilli, the main one being low temperature. The planted seedling is
either stunted or stagnant until the temperature rises. Therefore, there is a need to
increase soil temperature for early chili production. The objective of this study was to
evaluate the effect of different mulching methods to enhance early chilli production
and chilli blight severity.

There were three treatments for this trial : black plastic sheet, paddy straw and
control (no mulch). The straw mulch was applied as soon as the transplanting was
over. The plastic sheet was spread on the bed prior to crop transplanting, hole at
appropriate plant distance were made and chilli transplanted. The plot size was 10
sgm and in each plot there were two beds of 5m long and 1m wide with 20 plants in
the each bed. The trial was laid out in RCB design with 4 replications. The chili
nursery was established in mid December 2004 and the nursery covered with plastic
sheet to hasten the germination and protect from frost and cold. The seedlings were
potted at 2 to 3 leaf stage. The seedlings were dipped in 1% Ridomil® water solution
prior to transplanting to avoid soil borne diseases. The crop was transplanted in mid
February 2005. The crop were harvested in four pickings and yield, fruit quality
aspect and incidence of blight disease were recorded. Table 36 presents the results
of the trial.
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Table 36: Mean yield, fruit characteristic and severity of blight diseases.

Treatment Yield Fruit length  Fruit dia. Fruit Incidence of
(tha) (cm) (cm) quality blight disease

Plastic mulch 4.4 7.9 2.5 poor severe

Paddy straw mulch 5.6 7.4 2.6 good Mild

Control 5.03 7.5 2.4 good Mild

F probability 0.54 0.36 0.59

LSD 2.5 0.83 0.64

CV% 29.2 6.3 15

Analysis of variance showed no significant difference in yield between the mulching
treatments and also without mulching. There was no effect on earliness in crop
growth and maturity among the treatments. However, there was a difference in the
severity of blight infection among the treatments, plastic mulch increased chili blight
infection. Plastic mulch might have created warmer soil temperature and higher soil
moisture favoring the Phytopthora capsici multiplication instead of supporting the
chilli plant growth. It may be concluded from these experiment that plastic mulch
though helps in weed suppression is not appropriate for chilli production particularly
in an area where there is a record of chilli blight disease.

2.2.6 Effect of chilli cultivation method on chilli blight incidence and yield

Chilli blight caused by Phytophthora capsici threatens cultivation of chilli in many
parts of the country and severely affects production. The reasons for blight are
mainly high planting density, improper drainage system, use of infected seedlings on
traditional flat plots and lack of crop rotations. Farmers often do not adopt the raised
bed method (Im wide 30 cm high and varing length of raised beds) of chilli
cultivation recommended by researchers. Farmers practice of planting makes
congenial micro-environment required for the fast development and multiplication of
Phytophthora and resulting in severe chilli blight especially if the cultivation is during
the monsoon. This experiment aimed to assess the efficacy of different chilli
cultivation methods, including farmersd practice, some innovative methods like
planting in ridges and mounds that controls plant density on the incidence of chilli
blight and yield.

Treatments consisted of raised bed (recommendation), planting on ridges, mounds
and flat beds (farmer®& practice). Plant spacing was RR = 50 cm and PP = 30 cm in
all cases. The plot size was 16 m* Seeds were sown in shade house in mid April
and potted in end of May. The crop was transplanted in mid June in the field. The
trial was laid out in RCB design with three replications. Local cultivar Sha Ema was
used. Suphala (15:15:15) @ 500g/plot was applied two weeks after transplanting.
Other management was done as recommended for chilli production. Phenotypic data
such as fruit length, fruit width, fresh ripe fruit yield and incidence and severity of
chilli blight were recorded on a plot and replication basis.
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Table 37: Mean yield, fruit characteristic and severity of blight diseases.

Treatment Yield (t/ Fruit Fruit dia.  Fruit Incidence of

ha) length (cm) quality blight disease
(cm)

Ridges 1.88 7.8 2.6 good severe

Bed 2.65 7.4 2.5 good Mild

Mound 0.75 7.3 2.7 good severe

Farmer practice 0.66 7.6 2.4 good severe

F probability 0.01

LSD 0.99

CV% 33.3

One-way analysis of variance showed significant yield (P = 0.01) difference between
the treatments (Table 37). Recommended raised bed and ridge planting methods
produced significantly higher yield compared to mound planting and farmers énethod
but no significant difference was observed between the former two methods of
planting. However, raised bed and mound methods of planting require slightly more
labour hours than the recommended raised bed method of planting. It was found to
be difficult to maintain the same plant density in mound methods compared to other
methods, while preparing mounds it is difficult within the plant spacing of 50cm x
30cm. It is therefore, recommended to have 50cm x 50cm plant spacing for mound
method of planting in future trial. The chilli blight infection was significantly lower in
recommended raised bed method compared to other three planting methods but it is
difficult to draw any conclusion from this trial since the preparation of ridges and
mounds were not effective in the process of maintaining the same plant density.
Therefore, same trial will be continued next year with plant density modification in
mound methods of planting.

2.2.7 Maintenance of breeder seeds of released vegetable cultivars

RNRRCs are mandated to maintain the breeder seeds of the various crops released
from their Centre. The horticulture section of RNRRC Bajo has started maintaining
the breeder seeds of different vegetable cultivars. Most of the vegetable cultivars
were released from RNRRC Bajo, but maintaining all cultivars of different vegetables
is not possible in RNRRC Bajo due to specific climatic requirements. It also demands
additional manpower. In all, 14 vegetable crops and 22 cultivars have been released
from this Centre. The status of breeder seeds produced and supplied to DSC is
given in Table 38. In many crops seed production failed due to breeder seed
received from DSC being genetically mixed, poor seed viability and other technical
reasons. None of the researchers are trained on breeder seeds production and
maintenance.

Table 38: Vegetables breeder seed produced and maintained by RNRRC-Bajo

Sl | Crop Varieties Quantity | Remarks

No produced

1 Brinjal Pusa Purple long 250 g | Produced in 2004-05

2 Beans Borlotto 6 kg | 8 kgs handed over 11.2.2003
Pusa Parvati 2kg | 4 kgs handed over (2004 June)
Top Crop 5kg | 8 kgs handed over and produced

in 2004-05

Rajma 7kg | 8 kgs handed over
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3 Cabbage Golden Acre 00 | Unable to produce under Bajo
Copenhegan 00 | condition
Market
4 Cauliflower | White Top 250g | Produced in 2004-05
White Summer 00 | No germination at all
5 Capsicum California Wonder 10g | Seed production failed
6 Carrot Early Nantes 10g | 100 g handed over (2002)
7 Onion Bajo Gop-l 100g | 600 gms handed over in
(2002/2003)
8 Sag Phul Maya 200g | Under production
9 Spinach All Green 3 kg | Seed production failed
10 | Okra Pusa Sawani 1kg | Var. Kranty supplied
11 | Radish Bajo Laphu-I 150g | 600 gms handed over in
(2002/2003) and produced in
2004
Spring Tokinashi 10g | Under Seed production
12 | Tomato Bajolambenda-| 100g | 200gms handed over in
2002/2003 and produced 1 kg
2004
Cht-160 250 g | Produced in 2004-05
Roma 100g | Produced in 2004-05
13 | Jap. Green | Taisai 1kg | Produced in 2004-05
14 | Watermelon | Sugar baby 300g | Produced in 2004-05
15 | Brocolli Dessico 3 kg | Produced in 2004-05
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3 LIVESTOCK RESEARCH
3.1 Feed and Fodder Research
3.1.1 Potential dry matter production trial

The primary objectives of this trial were to quantify potential dry matter production
across a range of environments, generate data for production models and other
planning tools and compare yield potential of selected grass species. The species
tested were Pennisetum purpureum, Paspalum dilatatum, Dactylis glomerata,
Setaria sphecelata and Medicago sativa. The trial was established at Bajo station
during July 2002. It was replicated under irrigated and non-irrigated conditions.

The average fresh matter and dry matter yield and dry matter percentage are
indicated in Table 39 and Table 40 below.

Table 39: Average Fresh Matter & DM yield (t/ha) from irrigated plots

Treatments Fresh yield (t/ha) Dry matter (t/ha) Dry matter (%)
Napier 21 2.5 24
Setaria 15 3.1 20
Cockfoot 2 0.6 31
Paspalum 8.4 2.5 30
Lucerne 13 3.7 29

The findings revealed that the fresh biomass production of Napier was highest (20.7
t/ha) compared to other species from irrigated plots. Lucerne dry matter production
was the highest (3.7 t/ha) out yielding Napier (2.5 t/ha).

Table 40. Mean fresh matter and dry matter yield (t/ha) from non-irrigated plots

Treatments Fresh yield (t/ha) Dry matter (t/ha) Dry matter (%)
Napier 7.1 1.4 20
Cockfoot 0.8 0.2 19
Paspalum 3.4 0.9 25
Lucerne 5.3 1.2 23

From non-irrigated plots, Napier yielded the highest fresh biomass of (7.1 t/ha) as
well the dry matter of (1.4t/ha) compared to other forage species. Napier out
performed in terms of fresh matter and dry matter yields from both irrigated and non-
irrigated plots during the year. Cocksfoot was the poorest of all treatments under
both irrigated and non-irrigated conditions.

3.1.2 Napier propagation and distribution

The centre has maintained about half an acre of Napier as a propagation block. The
main objective is to maintain and produce healthy Napier root slips for distribution to
the farmers of the region for on-farm fodder production. It is proven as one of the
most promising fodders having fast growth with high biomass. There is a great
demand for slip for fodder production by the farmers. The centre is the only source of
Napier root slips for distribution to farmers in the region. More than 50,000 root slips
were distributed during the year to the farmers and dzongkhags of the region for
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fodder production and solil stabilisation by land management campaigners. The block
is maintained as a source of basic planting materials.

3.1.3 Evaluation of selected Lucerne varieties

The objectives of the trial were to evaluate production potential of Lucerne varieties
over the seasons across Bhutanese environments and to look at their persistence
over the years across the regions. The trial was established in July 2004 as an
RCBD with 3 replicates. A total of 11 varieties are under test for fresh matter and dry
matter production, including Kaituna, Venus, PL 55, Prime, Super 7, WL414, Aurora,
SA 35076, SARBU 1, SARBU 2 and Eureka. The seeds were sown in rows with
space of 20cm between rows, 50cm between plots and 1m between reps. Seed was
sown @ 9gm/6m? plot size. SSP was applied @ 40gm/m? during establishment.

Initial observation showed that germination percentage and plant vigour from all the
entries were recorded as good, and no pest and disease incidence observed so far.
The average fresh matter and dry matter yield with dry matter percentage are
indicated in Table 41.

Table 41: Cumulative fresh and dry weight (t/ha) and DM% from three cuttings

Trts T1 T2 T3 | T4 T5 T6 T7 T8 T9 T10 | T11

AvFMt/ha | 2.2 3 33 |28 2.7 3 2.2 2.7 2.8 3 2.9

AvDMt/ha | 0.6 0.7 0.8 | 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Av DM % 26 24 26 |26 25 25 25 24 24 23 24

The preliminary data from 8 successive cuttings at 42 days interval showed that
treatment PL 55 (T3) yielded highest fresh matter on an average of 3.3 t/ha. Also the
dry matter production of T3 and T2 (Venus) on an average produced the highest dry
matter of 0.8 t/ha. The dry matter percentage of 26.3 % was the highest from T2.

3.1.4 Effect of management on performance of selected Lucerne varieties

The trial was established in July 2003 at Bajo station with the objective to evaluate
the effect of location, management factors and their interaction on the production of
Lucerne varieties over the season across regions and to quantify the seed
production potential at selected sites. The trial was designed as a split plot with 3
replicates. The main plots were 12 m? with 6m? sub plots. The seed was sown in
rows having space of 20cm between rows, 1.5 m between main plots and 2m
between replicates. The seed rate was 9 gm/subplot. The SSP @ 40gm/m? was
applied during establishment phase. There were two treatments such as cutting and
irrigation intervals within the main plots as a management technique. The sub plots
treatment consisted of Prime and Eureka varieties.

Initial observation showed that germination and plant vigour was good. There was no
occurrence of pest and diseases, and the date of first flowering was noted during mid
September. The measurements included plants per 1m? stems per plant,
inflorescence per stem, pods per raceme, seeds per pod and seed yield per plot.
The first recording after trial establishment in July 2003 was on 25 February 2004.
The recordings all on average basis were as follows:
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Table 42 Observation factors contributing to final seed yield

plants / m 7 no per metre
stems / plant 23 no per 10 plants
stems/m 129 no per metre
inflorescence per stem 12 no per 10 inflorescence
pods / raceme 5no per 10 raceme
seeds/pod 5no per 10 pods
seedyield ingm: Eureka 5.7¢ per 6m? plot

Prime 9.3¢g per 6m?plot

The seed production was successful under Bajo condition. The seed harvest in
October 2004 yielded 9.5 kg/ha from Eureka and 15.5 kg/ha from Prime. Though
seed production was low, however, it was a successful technical breakthrough in the
history of Lucerne seed production in Bhutan. It seems that seed production in

Bhutan is possible under Bajosdo conditi

The main problems in the seed production of Lucerne were continuous flowering,
non-uniform fruit setting and maturity. From our experience so far, the harvesting of
the seedpods were greatly hampered due to above stated problems. From last
year® experience specific time to harvest Lucerne for seed collection is October.
The seeds collected in summer were poor in quality. However, seeds collected in
October were comparatively better in viability than that of seeds produced in
summer. Therefore, seed collection is planned to be done only once in a year in
October under Bajo conditions. To harvest quality seeds in October, one harvest of
plants in July is a must. It allows renewed growth and healthy plants to bear better
seeds. It also protects the plants from lodging and dying of plants due to stagnant
water in summer. Additional technology or mechanism needs to be developed to
make the seed production easy, viable and successful. It requires technical
assistance for that.

3.1.5 Propagation of fodder species on contour terrace bunds

The objectives of this trial were to reinforce the terrace bunds through use of
different fodder species and to evaluate fodder legume hedge species to control soil

erosion wunder farmersd condition esTwaci al |\

farmers of Nabchey village under Limbu geog had established in July 2001 species
of Napier, Guinea, Molasses, Setaria and Paspalum, Leucaena, Flemingia, Napier
and Crotollaria as hedge rows along the maize trashlines. These fodder species
were propagated through seeds and slips through technical assistance from the
Centre. It was observed that among the species Leucaena, Flemingia, Napier and
Setaria were doing far better on bunds compared to other species. Perennial
grasses and legumes are good bioengineering tools. These plant species were used
on terrace bunds and erosion control through slips and direct seeding in Nabchey.

3.1.6 Fodder production on paddy bunds

Livestock production in Bhutan is concentrated in smallholder farms among the rural
population. Just like in crops, technology in animal production has generally been
designed for intensive system which is inappropriate and unaffordable. Technology
is required for small-scale animal production that suits the need of small farmers.
The greatest demand for forage is in the smallholder cropping sector, because of the
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higher concentration of animals and the reduced availability of land for crop
production. There is a need to develop production system that can produce food and
at the same time forage crops. More on-farm feeding experiments are needed to
evaluate the cop residues and forage crop produced from different cropping
systems.

Forage research is undertaken in the region involving the use of improved perennial
grasses and legumes both for cut and graze system. Shrubs and tree legumes are
also incorporated as a high quality feed supplement, especially in winter along with
other available feed resources. Several forage crops species are promising when
intercropped with food crops under rice systems. In general, forage intercrops do not
significantly reduce the yield of food crops. In addition to providing feed, the last
harvest can be incorporated in the soil to provide organic fertiliser to the next crop.
Some of the promising s pe ai ®&ssmanthud gingatu®
Lucerne, Crotolaria, Flemingia, Napier, Paspalum, Andropogon, Chloris, Guinea,
Setaria, and Cenchrus.

The rice field levees or bunds comprise about 5-10% of the total land area in the
wetland system. Such areas serve as the main source of feed especially during the
winter where paddies are normally planted to rice. Native or indigenous species of
grasses commonly grow which are generally of low quality. Replacing weeds in rice
bunds by high yielding forage species that thrive from wet to dry condition will
increase and improve forage quantity and quality. The aim of the trial was to
describe and document fodder production techniques on paddy bunds and to select
suitable species for propagation on paddy bunds.

The paddy bund tops were cleaned and removed of local weeds before the
establishment of fodder crops. The bunds were 5-20 m long, 0.5 m wide at base and
0.3 m high with top with of 0.4m. The top surface of the bunds was dug to facilitate
faster germination and emergence and also flattened to protect the seeds from being
washed away. About 1-3 lines depending on the size of the bund were made for line
sowing or transplanting. Planting in line facilitated easier weeding and cutting, ease
fertiliser or manure application and digging at later stages. Sowing of seeds and
transplantation of slips were synchronised with the rainy season. This helped in
qguicker emergence or faster recovery from transplantation shock for slips when the
soil was still moist on the bunds. Use of fertiliser was very I|m|ted Irrlgatlon would be
required if the plant showed the sign of wilting ; : :

and drying. Till such time irrigation might not
be necessary. The cutting or harvesting of the
forage was not time bound. It could be cut and
fed like any other local grasses. The legumes
required time to attain first harvest, after that
the harvest time was dependent on the
seasonal growth and biomass. Cutting above
5-10 cm above ground was practised as
blanket recommendation. The test and trial

study lasted for five years under station ~ Pic 3: Paspalum on bund
conditions.
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The results are of on-station study involving 7 grasses and 4 legumes grown on rice
bunds from 2000 to 2005. Paspalum atratum gave the yield of 241g DM/m/cut (that
is equivalent to 1.37 t DM per year assuming 7% of the area is occupied by the
bunds) and herbage yield of 9134g/m cut. The best among legumes was Medicago
sativa. Desmanthus was not bad either. For quicker growth and ease of
management Lucerne outdid other test legume species. Among the grasses, short
height species like Paspalum atratum (Pic 3), Setaria, Andropogon were the best.
These three species can be used almost interchangeably in terms of biomass,
growth, vigour and density. However, Paspalum atratum showed better tillering
vigour and faster regrowth. It out performed in terms of fresh biomass and dry matter
yield under Bajo conditions. For the interested farmers who are beginners, it would
be better to take just Lucerne (Pic 4) and Paspalum. This would make faster and
higher fodder biomass. The nutrient requirements would also be balanced as
Lucerne supplements protein requirement and Paspalum contributes other nutrients.

There was no comparative biomass yield data

bunds. This was because there could be vyield
differences of same fodder species cultivated
on different locations. It would be due to floor

space of the bunds. Larger the bund higher the |
biomass from the crop cut results. Therefore,
biomass data was not included in this study. ==
The results were based mostly on growth and §# r""__
re-growth, tillering capacity, multicut attribute P

and tolerance to cutting.

Pic 4: Lucerne on bund

Since this trial was located on-st at i on, wi der farmerds opi
feedbacks were received. Most farmers from rice growing areas gave positive
feedbacks and impressions. Reasons for such positive feedback were based on

these aspects: suppresses weeds, reduce labour for weeding paddy bunds, reinforce

the weak paddy bunds and provides fodder for their animals. The technology was

designed to best suit the rice farmers. However, it can be adopted by the dry land

farmers on the terrace bunds, fallow lands, field boundaries, and homestead areas.

These fodder species are known to conserve soil from erosion, reinforce terrace

bunds and gully stabilization. Besides propagating on bunds, these species could be
established anywhere to meet forage needs. Some recommendations are:

1 The forage species for bund should be of single species and not a mixture for
ease of management

All short height and non-trailing forage species perform well

Species selection to be based on factors like climate, soil, rainfall, biomass,
tolerance to cutting and grazing etc

Number of cutting varies depending on management and other factors

Do not select tall and shady species which might shade the main crop.

1
1

= =
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3.1.7 Local fodder trees/shrubs of Bhutan

In the context of increasing human population, decreasing land availability for forage
crop production, increasing dependence of ruminants, tree fodder are increasingly
seen as potential protein and energy supplements to increase productivity of
ruminants. Local fodder tree/shrubs species have been a traditional supplement to
straw based feed to ruminants in Bhutan. Till date, very little effort had been made to
document and develop sound strategy and program for promotion and utilization of
available indigenous tree/shrub species. Hence there is a need to immediately
document some of the promising and potential local fodder trees/shrubs species
commonly grown and utilized by the farmers across regions including their nutrient
content. The main aims of this study were thus to:

1 document detailed information on local fodder trees/shrubs species, their
distribution pattern across different agro-ecological zones, tree description, its
annual fodder production capacity across the country

1 document their propagation/planting methods, attributes, management
practices and their preferences across regions

1 build information base for future research and development interventions on
selected and promising fodder trees/shrubs species for their propagation as
multipurpose tree species.

Only the major findings are reported here. The full report is available at the Centre as
a separate technical publication.

Multipurpose and promising tree fodder species

The survey tried to capture those fodder trees which have multipurpose values. It
was noted that there were numerous fodder trees planted by the farmers and used
for various purposes not only as fodder but as timber, fuel wood, fruits, flowers and
bark as pickle and pharmaceuticals to prepare homeopathic drugs to cure various
diseases.

Annual fodder production potential and farmers @references

Farmers rate different fodder trees in the order of preferences as high, medium and
low in the region. They have various reasons in rating them - highly palatable with
high nutritive values, remaining evergreen throughout the season and high biomass
yield were rated as high; species with low palatability, low nutritive values and
deciduous were rated as medium; and fodder trees which are very fibrous, coarse,
thorny, unpalatable having low nutritive value were rated as low and less preferred
species. Farmers assign high nutritive value to those fodder trees which provide
comparatively more milk when fed to dairy cattle. The annual fresh matter
production, dry matter/tree and farmersoératings are indicated in Table 43.
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Table 43: Annual fodder production potential of tree fodder/ shrub species
Tree fodder/ shrubs Annual production of  Annual production of  Farmers rating of

species local name FM / tree (KQ) DM / tree (KQg) fodder trees
Baar 625 137 high
Badahar 1200 374 high
Bhatmase 25 8 high
Debre lahara 50 - high
Dudhilo 50 17 high
Kabro 50 16 high
Katahar 1200 - high
Khari 225 63 high
Khasray Khanew 25 8 high
Labar 50 18 high
Lute khanew 50 17 high
Nebara 100 30 high
Somi 50 - high
Willow 50 - high
Pipal 50 18 high
Chiuri 50 22 medium
Chuletro 75 17 medium
Gogun 75 17 medium
Jamuna 75 30 medium
Kaulo 50 15.3 medium
Khamari 50 12 medium
Khanyu 125 47 medium
Khirro 50 12 medium
Kimboo 50 13 medium
Koirala 75 27 medium
Kubinde 75 20.5 medium
Parari 75 17 medium
Taki 50 14 medium
Bohori 50 8 low
Dabdabe 100 34 low
Dumri 175 54 low
Faledo 50 19 low
Gayo 50 12.5 low
Ginderi 75 18 low
Gueylo 100 35 low
Kaijal 125 31 low
Khasre 25 6 low
Kutmiro 50 20.7 low
Malata 50 15 low
Phusro Khosray 25 - low
Pipli 25 7 low
Sindure 50 19.9 low
Sisi/Khasru 50 20.4 low
Siyalfusre 175 63 low
Sokey/Musre Katus 50 22 low
Thomb/Phalant 50 21 low

Tree fodder availability and ruminant production system

The crucial period of fodder shortage mostly fall between November and March
when there is no green forage in and around farmland as well for foraging in the

Livestock



‘ RNRRC BAJO ANNUAL REPORT 2004 -2005 Page70

forest. Farmers commented that although they practice to some extent feeding crop
byproducts and grow winter fodder like oat it was not adequate. The only option left
with them was feeding the fodder trees to overcome the shortage particularly during
extreme dry months. It was further revealed that farmers did not feed fodder trees
indiscriminately to any livestock breed. The first preference was given to milking
cows, young calves followed by draft bull and fed to other livestock categories when
left in excess. Farmers strictly followed proper lopping and flushing timings of all the
domesticated fodder trees so that each fodder get sufficient duration to regenerate
and branch out copiously for the next lop. It was also indicative that most of the
farmers in the region followed day grazing in their fellow land as well forage in the
forest. Tethering and stall feeding practices were applied only to the crossbreed
dairy cattle, cows in lactating stage and young calves.

Propagation and planting method

The study revealed that farmers have good knowledge on the propagation and
planting of most of the domesticated fodder tree species. They commented that they
had been collecting seeds/seedlings, stems/slips within and near by villages as well
as from the forest and propagate them as fodder. Farmers also collect the seedlings
and transplant them in their farm boundaries, marginal and unproductive land for
fodder. However, farmers do not have sound technical knowledge on nursery raising
and other management aspects.

Management practices

Farmers collect fodder trees most frequently from wild especially during their free
time. From their farm land they follow sound management practices such as timely
lopping and feeding on a regular interval to important livestock. Some farmers were
observed taking much great care of tree fodder of wild origin with good loping
methods and allowing sufficient time interval for trees to rejuvenate for the
successive lopping. In general, the management practices of domesticated fodder
trees were found sound.

Collection sites, right, frequency and its implications on fodder trees

Collection sites differ from villages to villages. The distance and time for collection
too vary from 20 minutes to 2 hours depending on the access to forest and
availability of fodder tree in abundance or scarcity. The frequency of collection was
governed by number of factors such as category of livestock (milking and draft bull),
total livestock holdings, availability of fodder within their farm land and manpower
availability for collection from the wild. There is no set collection right/bylaws drawn
amongst the farmers in the community for lop fodder tree collection from forests. It
was noted that individual farmers had equal access and opportunity to lop and
collect quantity of fodder trees any number of times from the wild.
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Factor determining suitability of tree fodder/ shrubs species and points to
consider while selecting them for mass propagation

Through the survey, the following points were noted for consideration while selecting
trees fodder/ shrub species for mass propagation and multiplication for a successful
future nursery development program in the villages:

=4 =4 =4_-9_-9_-5_45_°9._-2

= =4 -4 -9

heavy to medium foliage fodder production capacity

long longevity evergreen and early flushing

tall tree, profuse branching, manageable to lop

higher intake and feeding behaviour of animals when given tree fodder

high voluntary intake of tree foliage under different environmental conditions
better adaptation of trees fodder to varied agro- ecological zones

ease of seedling establishment, rate of growth and regeneration capacity
the growth pattern in relation to crops or pasture and their compatibility
nutritive, mineral and chemical values of fodder and its change with
harvesting, grazing or cultivation

fast to medium growth habit

f ar mer 0 sin sefedtioniara propagation in village nurseries

Optimum time of seed collection, their storage and sowing season

Easy nursery raising and management including seed treatment

Conclusion and recommendations

The most important issues for small farmers in developing countries are food, feed,
fuel wood and timber. The order of their importance differs from region to region and
village to village. The conclusion and recommendations in this report are indicative
and are confined to findings of west-central region only.

T

Foliage of fodder tree/shrubs form major component of ruminant diet as
supplementation during critical time of dry seasons in a year, their role and
contribution must be given due recognition and attention in future Feed and
Fodder development programs.

Planting multipurpose tree/shrubs in farm boundaries, gullies, marginal lands,
road sides and terraces must be further promoted and encouraged.

Most farmers do not possess adequate technical knowledge in nursery raising
and management practices including propagation techniques. A complete
package of practices should be developed and made available to extension
staff and farmers.

Farmers should also be encouraged to raise, plant and manage leguminous
fodder shrubs and fodder trees lopped more than once a year such as Ficus
semicordata, Buddleja asistica, Leucaena. These species are easy to manage
and are compatible to plant in the field bunds of cultivated terraces as an
option to overcome feed shortage.

The farmers in the region do not have knowledge on collection rights,
collection sites, frequency of collection from forest and their implications on
fodder quality and quantity. In this line Departments/Ministry may come up
with working guidelines and bye-laws incorporating all aspects for sustainable
harvest and utilisation.
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1 Forestry officials at Dzongkhag and Geog level with the involvement of all
stakeholders need to train and mobilise farmers/communities for promoting
fodder resources. Formation of user groups and then gradually empowering
communities to manage their fodder resources according to their requirement
is a viable and long-lasting solution.

3.2 Breeding and Management Research
3.2.1 Goat farming practices

The goat was one of the first animals to be domesticated by humans about 9000
years ago. There are about 200 different breeds of goats producing a variety of
products, including milk, meat, and fibre (mohair and cashmere). Worldwide, goat
meat production is higher than meat production from cattle and hogs. Goat
production can be a valuable part of a sustainable farm. Integration of livestock into
the farm system can increase economic and environmental benefits and diversity,
thereby making i mportant contributions
into the biological and economic niches in a farm operation that otherwise go
untapped. They can be incorporated into existing grazing operations with sheep and
cattle. Goat can also be used for control of weeds and bush to help utilise a

to t
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pasturebés diversity, as loovegraza. Goats leat yhe ar e n-
forages, the goatsd waste replaces some pur

various crop and animal pests are interrupted.

The present goat population of Bhutan is about 14,988 (RNR Statistics, 2000). Till
date not much importance and policy support is given to goat husbandry due to
various reasons. Although research and development program pertaining to goat
husbandry in Bhutan is non-existant, goats still play an important role in generating
substantial income for poor households. Hence it was felt very timely and important
to document the present goat husbandry practices in Bhutan including breed
characterisation. The present study was aimed to encourage more people to
recognise the crucial role that this animal could play in the farming systems in which
many farmers are engaged. Specific aims were:
1 to document information on exiting goat husbandry practices in Bhutan
including their breed characterisation
1 to give recognition and status on the crucial role played by this livestock to
mar gi nal farmersd household 1 ncome
system
1 to explore future areas of research and development interventions with sound
policy and breeding program in place .

Major Findings
Population trend/status/origin of goat

Almost all the sample geogs surveyed indicated that overall goat population over the
years had decreased. Farmers mostly rear local goat breed, which they usually
procure within villages and their locality. The survey could not find any dates or
records of the introduction of goat in Bhutan. Farmers have been rearing the local
goat breed since many decades.
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Feed and feeding

The survey tried to capture information on the management practices of goat across
two regions. Most of the farmers follow stall-feeding practice with some exception to
fallow grazing. Goats are mostly fed with Artemesia (Pati), Eupatorium adenophorum
(kalizar), Sida acuta (Jhadru), local weeds, lopping of available tree fodder and crop
byproducts. Among crop byproducts, mostly maize hulls are fed to adult goats and
gruel to kids. Farmers commented that managing and feeding goat is easier
compared to other livestock as they browse on almost all types of weeds. They
further commented that goat does not require nutritious and palatable feed. In
general goats survive on whatever feed is available at home with weeds as green
roughage. Farmers seldom feed compound or concentrate feed for goats across
region.

Breeding and reproduction

The survey also tried to explore areas like breeding and reproduction in goat and
their production variables. It was clear from the survey that farmers did not keep
proper records in most of the areas. However, some of the reproductive parameters
like age at puberty, age at first kidding, kidding interval, kids per year, nature of
kidding, life expectancy of doe, productivity of doe and total number of kidding per
lifetime were documented and are summarised in Table 44 .

Table 44. Average breeding and reproduction/ production parameters

Breeding & reproduction variables Average months
Age at puberty 7.1

Age at first kidding 12.5
Kidding interval 6.6

Kids per year 2.5

Life expectancy of Doe 16
Productive life of Doe 9.03

Total numbers of kidding/ lifetime 20.92

The nature of kidding in most of the cases was noted to be twin with little exception
to single, triplets and rarely four in numbers. However, in most of the cases only one
to two kids survived. The mating usually takes place between October - November
and kidding during the months of March and April or early summer. However, there
is no specific time of mating and kidding as reported through this survey. It was also
noted that 6-40 kids can be expected in the lifetime of a female goat. Castration of
male goat is quite common using local method for fattening across regions.

Importance of rearing goat

The study found that goat rearing was the easiest enterprise of all domesticated
animals. Further it was clear that goat husbandry is an economically viable business
to almost all goat rearing farmers in Bhutan. Farmers from across regions stated that
they rear goats primarily for meat production and for manure to enrich their
agriculture land. Some of the farmers rear goat for commercial purpose for an
additional source of household income and sell meat at the local markets. Some of
the farmers rear goat especially to offer to their local deities during special
occasions. They make offering to their local dietiy once a year. Goats are rarely
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reared in Bhutan for the purpose of milk production, as it is a quite common practice
in other developing countries.

Market and marketing system

Farmers commented that they do not have any organized and established market for
marketing live goat as well the chevon (goat meat). Farmers usually sell any excess
meat after home consumption within their own community and villages. The price for
a kilo of chevon varies a lot across the region and within villages. It was noted that
chevon is widely sold within the villages @ Nu. 60-100/kg. Any excess chevon is
mostly brought to towns and sold even at 150/kg. In some of the cases, the female
goat meat is sold @ Nu. 100/ kg and meat from castrated males @ Nu. 120/ kg. A
male adult goat by the time it is marketed fetches around Nu. 1500-3000 and female
goat around Nu 600-1200. Castrated male and female with a pair of kid would fetch
a cash income of Nu. 2000-4500 for the family. In general, marketing of meat or live
animal is never seen as a problem and chevon is the most priced meat in the market
today.

Phenotypic characterization

The phenotypic characterization of goat in general is summarized in Table 45.
However in gist irrespective of sexes the coat colour noted were mostly black in
colour with fewer white and brown with black dorsal lines. The horns were found
mostly twisted and face bearded. The ears were dropping with fewer exceptions
being horizontal.

Table 45: Physical observation & average body measurements of local goat breed

Parameters Observation / measurements

Breed All local

Age (year) / Sex Various age groups; both m/f included
Physical observation

Coat colour Mostly black, white, brown with dark dorsal line
Horn Mostly twisted

Wattle -

Bearded Mostly bearded

Long hair Few long haired

Ear Mostly dropping and few horizontal

Body measurements
Body length (cm) 54.8

Heart girth (cm) 61.72
Wither height (cm)  51.85
Ear length (cm) 12.6

Constraints

Farmers did not express much constraint in goat rearing. They keep fewer numbers
of goats up to four and mostly stall fed them with locally available fodder and weeds.
Farmers commented that goat rearing in fact is the easiest compared to other
livestock. Children are mostly employed for feeding and taking care of goat. However
they commented that the main bottleneck in rearing more goats was the restriction
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on the number from the Government/forest officials. They commented that the
negative aspect of goat rearing was mainly because of their browsing of young
saplings within their farmlands as well in the forest when let loose for free grazing.
Since they had to stall fed them, they feel that there should not be any restriction on
the number they can raise as they see a lot of potential in enhancing their economic
status from goat farming.

Conclusions and recommendations

1 The population of local goat in Bhutan is declining, which needs immediate
attention from the conservation point of view.

1 A review of the policy on goat raising may be necessary, with options for
famers to rear any number of goats as long as they are stall-fed.

1 Goat rearing is easy and convenient as they mostly feed on unwanted local
weeds and convert the biomass into high quality and high priced meat. Policy
support and encouragement in this area would be welcome.

1 Encourage and explore feasibility of rearing milk goat breed to further diversify
the production system and breed.

1 Initiate study on economics of goat rearing in Bhutan and compare them with
other livestock rearing enterprises.

1 There is a need for sound breeding program and strong support in introducing
hybrid Buck for cross breeding with local Doe to enhance productivity under
varied agro-ecological conditions.

3.2.2 Status report on Yak Herd Monitoring

Yak herding is a part of Bhutanese high altitude alpine landscape. It will increasingly
play a significant role in promoting both agro and eco-tourism in the country.
However, pressures of socio economic changes are going to impact on the life of the
herder society. Experiences from the neighbouring yak rearing countries (India,
Nepal and Tibet) indicate that yak farming communities are gradually giving up their
traditional practices and looking for alternative livelihood in downstream and urban
settlements. Unless the yak farming enterprise is made profitable and attractive, it is
highly unlikely (at least in the short term) that the young generation of herders would
like to continue with the profession. This may impact negatively to the sustainability
of the traditional yak farming system. As an initial attempt, a yak herd-monitoring
scheme is being planned and a nationwide study initiated in the main yak rearing
pockets of the country. The short-term objectives of the study are to quantify
changes in the socio-economy of the herder communities over time, generate input
for planning yak related research and development activities and to assess impact of
development on the livelihood of herder society (rural-urban migration). The long-
term objectives are to sensitize the members under the scheme to become
innovative yak herders in initiating various groups such as Yak bull breeders group,
pack yak association, organi c yak -towisf
association, yak cheese (hard) processing, packaging and marketing group and to
contribute to livelihood development methodology applicable in the high altitude
mountain eco-systems.
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Interim Findings
Herd information

Most of the yak herders interviewed did not have other categories of livestock. They
were predominantly rearing yaks ranging from 12 to 40 numbers. Almost all the herd
comprised of milking and dry yaks, breedable bulls, young bulls, heifers and calves.
Only few herders had local cattle, horses (Yuta), and chicken in a small numbers.
When questioned for reasons of not rearing other livestock, they said that it was their
age-old practice of rearing yak which they are more accustomed with. Most of the
female members were actively involved in the management of the yak including
milking, product making, processing and marketing. All the yak herders interviewed
owned their own yaks.

Yak herders did not have much knowledge in the areas of production and
reproduction in yak. Therefore the team harvested very little information during this
visit. The age at first calving in general was recorded at minimum of 3 years. The
calving interval ranged from 18 months to 24 months. The average milk yield/
yak/day was noted to be 0.5 17 1.5 liters. The average number of days in lactation
was recorded as 365 days.

The entire yak herders interviewed did not have any newborn calves in their herd
during the season. There was no practice of buying yaks from other areas for
replacement stock or selling out from their herd. Among the bulls, only one superior
bull was maintained for breeding purpose and the rest were castrated. These
castrated bulls were easily manageable in the herd and were kept for carrying load
during migration time as well as for meat production. Mostly meat was sold in the
local market instead of live animal trading.

Migratory routes/sites and their resources

The yak herders were found commonly moving together with animals in a group
ranging from 4 to 20 households for their summer and winter grazing sites. They
have community tsamdro collectively for all the grazing herders. It was revealed from
the study that they had specific sites identified for winter and summer grazing
amongst the herders. The herding system was also found to be quite unique. One of
the herder groups of Gangchukha village comprising of five members herded during
winter at Zabaden, Lumkhemtey, Zilley, Tabuna, Choley, Nubchey, Gongchudoro
and Pudoo. The summer grazing sites for these herders were at Sintha, Zakhentha,
Bikchimo, Budee, Richey, Tampey, ZeeZee, Rithang and returning to the same route
for their winter camping.

Some of the herders of Longtey village operated in a group of twenty members and
they also had specific sites for their summer and winter camping. The quality of
Tsamdro in general was graded from average to good. The tsamdro at higher
elevation was better than at lower elevation. Although there were adequate grazing
resources during summer, shortage of grazing resources was felt strongly during
winter. The team noted some land that was leased out during early HLDP project
time where yak herders have fenced them with local materials and used them for
grazing their lactating, pregnant and calves during summer months. It was further
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noted that there were about 800 heads in the Longtey area with 14 herds and 500
heads in Gangchukha with 9 herds surviving on these grazing sites at a time which
had definitely caused grazing pressure and quality deterioration of the exiting
tsamdro.

Grazing resources (Tsamdrog) and its management practices

The findings showed that the graze species comprise of two main species such as
Hiksey or Chaab (local names for bamboo species) available at that altitude. This
specie has dominated lower belt along the Pelela pass, upper Sephu valley in the
Longtey/Longmey area and Jawading towards Phobjikha area of winter grazing
sites. In the summer grazing areas only Pangcha (local grass species) was
available. Pangcha is considered to be nutritious compared to Chaab.

It was also revealed through discussion with the herders that the community pasture
in the alpine areas was dominated by the shrub species known as Balu and Sulu.
Since the yaks did not graze on these species, it had spread at a faster rate and has
started dominating the pasture species available for the yaks. They commented that
the grazing pressure was found to be increasing with the disturbing effect of Balu
and Sulu dominance. If this trend continues, they have the feeling that after few
years time, there are chances that all the pasture species will get wiped off leaving
nothing behind for the animals to graze. During discussion the herders expressed
their concern for immediate need to control these shrubs by means of fire. They
commented that if they are allowed to set fire, it would control the fast spreading of
these local shrubs.

The study recommend that research, with the involvement geog extension staff and
Dzongkhag Forestry Official, should carry out a study by visiting at the grazing sites
and study actual rate, intensity and extent of spread of these shrubs, its implication
on natural grass species regeneration and growth, extent of utilization of these
shrubs for other purposes by the community and finally come up with appropriate
remedial measures to manage the shrubs.

Breedable female population and breeding bull performance

From the survey it became apparent that the male to breedable female ratio was
very low. In a group of 5 herds with a herd size of 300 heads the communities had
maintained only 2 breeding bulls. The holding period of these breeding bulls within
that herd was noted not less than 8 years. These practices of with holding the same
breeding bull for a long period of time might have already resulted into inbreeding
within the herd. The Extension staff of Sephu also commented that the inbreeding
was quite apparent from the inferior quality progenies born in the herd. A few
breeding bulls were supplied by the Department while rest were selected by the
farmers from their herd itself. The breeding bull selected from the herd must have
already caused greater threat of inbreeding. There were also instances of bringing
breeding bulls from Dagala, Thimphu. There is a need to explore whether these bulls
are genetically different from that of Sephu from the study carried out by Dr. Tashi
Dorji, RNRRC Jakar on genetic characterization of yak in Bhutan.
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The study recommend that for successful breeding schemes and quality progeny
production, research in close collaboration with extension staff needs to intervene in
selection and screening of bulls from a distant bloodline and supply quality bulls to to
minimise inbreeding. Further, there is a need to explore the possibility of balancing
and standardization of male to breedable female ratio in the herd.

Yaks mortality

The findings revealed that the yak mortality per herd was not less 20%. The mortality
included both adults and young animals. The major causes of mortality were noted to
be predation by wild animals like leopard and wolves. The death due to accidental
falls from cliffs and diseases was also quite high. To a lesser extent, water and plant
poisoning also contributed to yak mortality. The other factors that contributed to loss
and mortality were theft and weakness in the herd. Weakness was caused mainly
due to insufficient feed and inferior quality progenies born in the herd.

The herders said that that so far the Department of Forest did not pay them the
compensation for the death caused by wild animal depredation. It was because the
communities did not deliver the death report on snapshot basis. This happened due
to the fact that herding sites were located far off even from the nearest forest office.
Communities are finding difficult to synchronize the time of predation for
communication to the forestry officials and for most of the time the predated animals
could not be traced for evidence needed for legal claim for compensation. It is a
difficult issue to handle and there are no readymade solutions. However, some
workable solutions need to be worked out involving Dzongkhag Livestock and
Forestry Officials. Further, a study on the the causal factors for yak poisoning from
water and plants at the grazing sites requires to be done.

Carrying capacity and stocking rate of the community pasture

From the survey it became apparent that the carrying capacity of the community
pasture is stretched in relation to yak population/herd grazing at the site for the
pasture to renew and regenerate in the subsequent seasons. The carrying capacity
of the pasture needs careful assessment. With such assessment, the stocking rate of
each tshamdrog needs to be calculated. The stocking rate should correspond to the
carrying capacity of each tshamdrog since the carrying capacity of Bhutanese
unimproved alpine and sub-alpine pasture is 1.42 with a stocking rate of 0.64 LU /
ha, according to Miller (1987) and Gibson (1991).

For derivation of correct figure, careful assessment of each grazing sites for
botanical composition of grazed pasture species, regenerating capacity, grazing
interval, growth of grazed pasture species, fresh biomass production and dry matter
production including total digestible nutrient content need to be studied and
analyzed.

Yak bull breeders association
Discussion was held very extensively with the communities on the formation of Yak

Breeders Association at Sephu for the production, distribution and maintenance of
quality breeding bulls. The communities have realized that such an association has a
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long term benefit in addressing some of the issues related to inbreeding problem
within their herd and exchange of quality yak breeding bulls with other regions. The
study recommends that detailed modalities for the initiation of Yak Breeders Bulls
Association be carried out.

It is also planned to map all Tsamdrogs and migratory routes of these herders in
future follow up studies taking the assistance of GIS personnel from the Centre.

The herd monitoring is a long-term study and we need to consistently make efforts to
visit the herders from time to time to address some of their concerns expressed in
this report. At the same time effort should be made to address other bottlenecks that
impede overall yak farming system and to make yak herding more self-sustaining,
attractive and economically viable.

3.2.3 Hatchability study under farmers conditions

Village chicken production under the free-range and semi-intensive system is still the
most popular and viable production system for rural households with little inputs.
This system of production supplements the protein intake of the rural households as
well as additional income when needs arise. Rearing poultry is a part of livestock
farming in our condition. In a Buddhist community, poultry rearing is limited to egg
production and consumption if they die of old age or natural death. However, in the
southern districts poultry birds are kept both for meat and eggs and sold to generate
cash. So far, most of the farmers in the distant corners do not have access to exotic
pullets as limited by remoteness, diseases, poor adaptability, high mortality and lack
of money to buy and transportation stresses. Owing to these reasons, most of the
farmers keep few local birds in a traditional scavenging or semi-scavenging system
with a provision of simple housing.

It has been observed that farmers do face problems in rearing exotic birds under

their management conditions. They buy the exotic pullets of 8-12 weeks of age

which have been brought up in the farm under intensive medication, care, feeding

and housing system. These birds do not receive the same type of management on

reaching the villages. Therefore, the farm-supplied birds experience a big change of

housing and feed regimes and it takes time to get used to the new environment. The

birds remain under stress due to these factors including transportation stress, which

leads to high mortality of most farm-supplied birds. So in order to study the
adaptability, survivability and produgcti vit)
hatching the exotic eggs by the local broody hen and raising it from day-old age to

65-72 weeks of age has been felt necessary. The immediate objectives of the study

are to compare hatchability, adaptability and survivability of local vs. exotic chicks

under scavenging/semi-scavenging system, and to assess production parameters of

local and exoti c chickens hat ched by t he | ocal b
conditions. The long-term objective is to produce exotic birds at village conditions

and scale up rural poultry production.

Methodology

Prior to the start of the trial, the availability of local broody hens in villages was
confirmed in easily accessible area for close monitoring. It was also confirmed when
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those hens start would laying and get ready to brood. The local laying hens were
provided with exotic fertile eggs for natural incubation. The owners were asked to
select hens with previous history of good broodiness and mothering instinct. Each
broody hen was given 10 eggs for incubation (number of eggs farmers normally
allowed the hen to incubate). It was difficult to get broody hens readily available at a
time in the villages. Two different season hatchings were tried to find out the effect of
season on hatchability and survivability, one in summer and the other in winter. The
season-based natural incubation yielded basic information on the hatchability,
survivability, adaptability and production of the birds at different stages and at
different altitudes.

The proper records of all individual brooding hens identified for the trial were
maintained by the extension agents. The recordings covered date of incubation and
hatching, number of chicks hatched and survived till the age of 18 weeks and to 72
weeks of age. Also comparative observation on the adaptability, natural instinct like
that of local birds and diseases were also observed.

The trial sites were at Guma, Dzomi, Chubu and Taewang geogs under Punakha
dzongkhag. The criteria for site selection included agro-climatically representative
site, farmers willing and committed for the trial and places where population of local
birds was high. The factors considered were exotic eggs, local broody hens, high,
mid and low altitude, and size of hatch-size for natural incubation.

The assessment parameters covered both biophysical and socioeconomic
conditions. These included hatchability, survivability, adaptability, diseases and
parasites, number of clutches, point at lay, sale prices for eggs and live chickens,
mortality, gr owt h, egg production and
preference and financial evaluation were also included. Post-trial follow up on
survivability, adaptability at par with local birds were also assessed. The observation
on the broodiness was cross checked. Additionally, New Castle Disease Vaccine as
one of the trial treatments to observe the vaccine efficacy in summer follow up trial
was carried out in collaboration RVEC, Serbithang.

Main Findings: Winter hatchability

The findings from the winter hatchability trial indicated 80% hatchability of both exotic
and local eggs. The hatchability percentage was calculated from 29 local hens
brooding exotic or local eggs and 10 broody hens brooding exotic or both exotic and
local eggs. About 40% of the birds either did not brood or spoiled all eggs or were
brooding at the time when this information was collected. Farmers showed keen
interest in this activity although some commented that brooding is difficult especially
in winter and that although hatching was successful the chicks tend not to survive in
winter. This trial continued till the end of 2004. The findings could help in formulating
guidelines to breeding farm in supplying the fertile eggs on pilot scheme to farmers
for cross breeding programme and ultimately lower the cost of production in the
central farms.
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Summer hatchability

At the end of the winter trial period, the

perception of the farmers as well as the

extension agents was that summer hatching

should also be carried out to compare the

production performances similar to winter trial. A

similar trial in summer was then conducted

before making any conclusion and

recommendation. For the summer, it was felt

necessary to include New Castle Disease

vaccine for birds in Dzomi and Guma geogs to

control outbreak of this disease and to test drug

efficacy. The birds (Pic 5) were vaccinated every Pic 5 : Summer trial birds at laying stage
four months and serum collected on every 21% day of vaccination. A total of four
rounds of vaccination were completed and three rounds of serum collected and
laboratory analysis completed in RVC, Serbithang.

Hatchability was 50%, which was lower than in the winter trial. The completed trial
data revealed a survivability percentage of 30% only for the summer due to
predation. However, no deaths were reported of diseases.

General findings

Diseases and parasites: There was hardly any case of death reported of diseases
and parasitic infestation during the whole trial period. Few suspected cases
appeared from Chubu where the birds not covered by vaccination.

Adaptation: The adaptability of the birds was better compared to 8 weeks old pullets
brought directly from the central farms.

Growth: The growth of the exotic birds raised from day old chicks by natural
incubation showed vigorous growth compared to the locals.

Egg production: The point of first lay was reported to be 6 months. The farmer co-
operators reported more than six clutches of eggs laid by the exotic birds raised
under farmerséconditions. Eggs ranging from 18-24 per clutch were laid by those
exotic birds.

Feeds: The birds were fed twice a day. The feed composed of whole maize grains,
grits, rice, broken rice, food, and kitchen wastes besides scavenging during the day.

Farmersoé preference: Farmers who cooperated for this study were impressed by
such initiatives taken by the research and extension for the first time. They
expressed their happiness to receive exotic birds at their doors to allow their broody
hens to incubate. Most of them were excited to see their hens hatching 100% eggs.
They like to see exotic chicken in the flock local chickens. However, predation
resulted in complete loss of hatched chicks.
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