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Message from the Vice-Chancellor

It is with great pleasure and pride that | present this Compilation of PhD Dissertation
Abstracts published by the Directorate of Postgraduate Studies, Agriculture and Forestry
University (AFU), Nepal. This volume reflects the University's enduring commitment to
academic excellence, research innovation, and the generation of knowledge that
contributes to national development and global sustainability.

The doctoral research showcased in this publication demonstrates the dedication and
scholarly excellence of our PhD graduates in addressing critical challenges across
agriculture, veterinary science, forestry, animal science, fisheries, and natural resource
management. The studies provide valuable evidence-based insights into sustainable
production systems, climate resilience, biodiversity conservation, animal health, food
safety, value chain development, digital innovation, and the socio-economic advancement
of rural communities.

Beyond advancing scientific knowledge, these research contributions offer practical
solutions and policy-relevant evidence to support informed decision-making and strengthen
Nepal's agricultural and natural resource sectors. The inclusion of abstracts in both English
and Nepali reflects our commitment to enhancing the accessibility and wider dissemination
of research findings.

| extend my heartfelt congratulations to all the PhD graduates whose work is featured in
this volume and express my sincere appreciation to their supervisors, faculty members,
researchers, and the Directorate of Postgraduate Studies for their invaluable contributions
to fostering a vibrant research culture at AFU.

| hope this compilation serves as a valuable resource for researchers, policymakers,
development practitioners, and students, inspiring continued innovation and collaboration
for the sustainable transformation of Nepal's agriculture, forestry, veterinary, and fisheries
sectors.

—7

Prof. Hom Bahadur Basnet, PhD
Vice-Chancellor

Tel No: 056-591655, 591777 Website: www.afu.edu.np Email: ve@afu.edu.np






Foreword

It is with great pride and satisfaction that I present this inaugural Book of Abstracts, a
compilation of doctoral research undertaken by the PhD scholars at Agriculture and Forestry
University (AFU), Rampur, Chitwan. As the first publication of its kind from the Directorate of
Postgraduate Program (DPGP), this volume marks a significant milestone in our commitment
to advancing research, innovation, and academic excellence. The abstracts presented
herein reflect the intellectual rigor, originality, and dedication of doctoral students, whose
scholarly contributions address critical issues in agriculture, livestock, veterinary science,
fisheries, forestry, natural resources, and related fields that are central to national progress.

As an agricultural university in Nepal, we recognize the pivotal role of research in supporting
the sustainable transformation of the national economy. Agriculture remains a cornerstone
of livelihoods, food security, and economic development in our country. In this context,
doctoral research serves as a vital source of scientific evidence, innovative technologies, and
policy insights that can help address emerging challenges such as climate change, resource
degradation, agricultural productivity, market competitiveness, and rural prosperity. The
content featured in this volume demonstrates the potential of advanced research to contribute
to resilient farming systems and the sustainable development of Nepal’s agricultural sector.

This Book of Abstracts serves as a valuable platform for disseminating contemporary research,
promoting knowledge exchange, and identifying priorities for future scientific inquiry. It also
provides policymakers with concise, evidence-based insights that can guide strategic planning,
resource allocation, and the formulation of effective policies for sustainable development. By
bringing together the work of our PhD scholars, we aim to showcase the breadth and depth
of doctoral studies at AFU while fostering interdisciplinary collaboration among researchers,
educators, policymakers, and development practitioners.

I extend my sincere appreciation to the PhD scholars for their perseverance and commitment,
and to the advisors, faculty members, and DPGP team whose guidance and support made this
publication possible. I hope that this Book of Abstracts will inspire further inquiry, strengthen
our research culture, and become a valued annual tradition that highlights the contributions of
doctoral research to agricultural advancement and national development.

Director
Directorate of Postgraduate Program
Agriculture and Forestry University
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Effect of Altitude and Various Pre and Postharvest Factors on
Quality and Shelf Life of Mandarin (Citrus reticulata Blanco)

Pradeep Raj Rokaya (HRT-01P-2012), PhD 2017
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Dilli Ram Baral, PhD)

Mandarin (Citrus reticulata Blanco), a premier fruit crop in Nepal, suffers from low productivity,
inferior quality, and higher postharvest losses. This research work on “Effect of altitude and various
pre and postharvest factors on quality and shelf life of mandarin (Citrus reticulata Blanco)” was
carried out during 2013-2015 to assess the effect of pre and postharvest factors and techniques
to improve the quality and shelf life of mandarin. Maturity and quality attributes of mandarin at
1300, 1000, and 700 masl altitudes in Lamjung district from 11th October to 30th November at
10 days interval were examined. Fruits at 100% green, 25% yellow, 50% yellow, 75% yellow,
and 100% yellow colour stage were harvested and evaluated regarding the quality and shelf
life for four weeks at ambient conditions. Pre-harvest spray of urea at 2% and micronutrient
(Agromin) at 0.4%, as well as a combination of both in May and September, was done to see
their effect on fruit quality. GA, at 10, 20, and 30 ppm concentrations were applied 20 and 35
days before harvest, and the fruit were harvested on November 20, December 5, and December
20, and subsequently stored in ambient conditions for 15 days and in the cellar for 90 days. Fruits
harvested by stick, direct pulling, twisting and pulling, and clipping were stored in the Cellar store
for 90 days. Fruit packed in bamboo baskets, wooden boxes, CFB boxes, plastic crates, along
with the loosely kept, were transported from Lamjung to Kathmandu (200 km) and then stored
in a room for four weeks to assess quality and shelf life. Fruits were treated with wax at 10%,
Bavistin at 0.1%, wax at 10% with Bavistin at 0.1%, calcium chloride at 1%, and Jeevatu at 5% to
see their performance on postharvest quality for four weeks in room conditions. Results showed
that maturity was advanced at lower altitude with a higher TSS/acid ratio (8.96); however, higher
altitude retained the continuous increase in TSS/acid ratio on later stage of maturity with superior
quality. Fruit weight and juice content were increased up to 10th November at lower altitude and
up to 20th November at higher altitude, and beyond this date, the fruit weight and juice were found
in a decreasing trend. The fruit weight (104.9 g) and juice percentage (55.23) were retained at
maximum at 1000 masl on 20th November. The altitude of 1000-1300 masl was found as the best,
and 10th-20th November as the optimum maturity stage regarding quality attributes. Maturity
stages at 50% yellow peel coloured fruit exhibited the minimum PLW (7.75%) and decay loss
(2.45%), but higher in firmness (3.15 kg/cm?) and juice recovery (46.84%) at ambient conditions.
Combined application of urea at 2% and micronutrients (Agromin) at 0.4% resulted in the highest
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number of fruits (489.55), yield (51.82 kg/tree), fruit weight (105.56 g), juice content (55.77%),
and ascorbic acid (35.67 mg/100 ml). Fruit treated with GA at 20 ppm retained higher fruit weight
(128.6 g), more firmness (3.54 kg/cm?), better juice recovery (57.75%), and greater TSS/acid ratio
(21.24), and then could be kept on-tree up to one month beyond the normal harvesting. PLW and
decay loss were minimal with GA, at 30 ppm in both ambient (5.17, 1.02%) and Cellar (6.69,
8.21%) conditions. Fruit harvested by clipper recorded the minimum PLW (3.15%), decay loss
(8.33%), along with higher fruit firmness (3.30 kg/cm?), juice percentage (49.69%), and vitamin
C (25.50 mg/100 ml) under Cellar condition, and can be stored safely up to three months. CFB
boxes resulted in minimum transportation loss (1.17%), PLW (7.08%), and decay loss (3.83%),
with higher firmness (3.54 kg/cm?) and juice recovery (46.37%) at ambient storage. Wax alone
and in combination with Bavistin was the most effective treatment in reducing the PLW (9.81%)),
decay loss (0.7%), and retaining maximum firmness (3.03 kg/cm?), juice percentage (43.81%), and
vitamin C content (64.65 mg/100 ml) up to four weeks of ambient storage.

AT TATAD] THE AR ATAl HT A FH Jcaahed, HHAA TR T ATASTT g AcATaF
ferfaes sTear faemm aweTewaTe ufad @ | q9d, aren faargaty qor 9iv=ed fafag qoesd! sTEves
T AP TURAR AT AISRY AR AHATHT IR T Alehel FratgeedTyd deqae T4 a= 2093 @
094 ¥ AT ATAATICHE HI THI TRUH f9aT | Fos1g fSeetter 9300 #1, 9000 #I. T oo
A ITETEAT FAfad aEEEHT 14 FHERaNg 30 AR (0 faTE HEHT s qRIwEdr
ORIl AAIT TRUHT (a7 | 997 2fedn, ¢ gfaera qear, Ko gfqerd ggdr, 9 gfqerd qear T
U7 qedl TS ATIRAT HeAdls (oA T AR FATH AISRIT FATIAT T[UER AAIT TRTH 2T |
R R AEATHT qeUaH % ANAT T 0.¥% IaeTd J&H @raded (THITHT) GErge ¥ Areasior sa6r
FTTHT FAFT ICATGHA T Fefeh! URATHT I AERIFI=AT AT TRUHT fr | aretr fawqsrwar 0 ¥ 3%
femrafar qo, R0 T 30 i drun. fafas ufae STeHT SFRY Herd! TURARHET T TS ATHER
R0, fedFar ¥ 7 fedwer R0 AT arell {ei¥ 4 fedd+H Ha™r qar 2o faqgqwH ofiq uAT HUeRuNTT
MUY JAT USR] AT STHATHT Gl HATH TRUHT 27 | Aifeepl G, weerrs fad e
AR, TefaTs ST TAT B=Thl FART T 6ol faiy offd o 20 fadaen queRer T Hershl o
HAIT TRUH 9T | FHSS SeaArare fafqd ATHTg AHAEs arasl ardh<d, FSH aTHhd, Fed T
FIHT FrAell TR, T BISHTISTETH AT T AFATGHT TUSRUHT g &7fd T VIR TATCHE
HeATSHA TRUHT FI2T | FeaaTeh! FefelTs Al S (40%), AT (0.9%), HAHT Hrer ¥ afafeaaer
afrsror, Fnferan FRTES (%) ¥ fa1d (W%) T HdgRT SU=R TR AR gl HISTHT JUSRI T
TR AT RUHT 2T | aearer AfqeaTar S9e ¥ el fad quger fafagdrer were
qRIERAT T TOARAT WA AT T | STIER, 00 WLl STHATGHT HAfEdd SETHT Heleh!
qivaeRdT fBar g A et T Afaerd g A 6% (5.%%) If@u i wifdedr & (9000 7
9300 WY .JHATE) T (AT TAT T ATATT THATRT AT (oY T8 SATBTATS THI TUAR FeaTe] TTEUehl
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ferdt | AT At T T g oAl SFAAT Q0 ATERETH T AT WRGT AT T R0 ATHFEREE g1 T
gl (e T Ul qrgueHT T | FaswaT Sel Herehl did (90%.% UT) T 8% Tl WA (94,33
9.) ATHFER R0 AT 000 W, STHATGHT HATEd S=THT ST {77 | AT HABTANT 000 g
9300 HI J=ME ¥ Al qRaFArE feqrae 0 fg 0 ATHwER IIIH F@uH 9T | g=rE gtdera
TEl TSR HAAT HH AT &f (994 %) T TS &l (¥4 %), I=add Tha (3.94%) & ST /
YY), T FAAT TG THRN TAqT (¥2.5¥%) USRI [ | T FTFR AfGATHT Teled ¥ % IRAT T
0.%¥% T&H WA FYeTgel ¥ faIor T diedT S 287 ARAT T GEHErT Joad! [arasure gersw
TET el T (Y5 U4% / T aTd), Terehl diet (QOX. Y& W.HY.), AfIehad THepr qiaerd (LL.59%), ¥
J=aaH Hartae 47 (3¢ .58 M7 /900 TH.UA.) qTeUa! {920 aTell fadre afa 90, 30 T 30 Mg fr uw @i
afearoraT fafdes ufag mae gal 0 .9 TH. T TANT Betdl did Ioad¥ (935.% .41, TEl ghdT
WY FSN. / A, ATETH THBT TITAT (10,94 %) T AT el TAdl T FAFAT GATR] A1
(R9.R¥%) 9TgUeT fom a¥ 30 GrdTUH. & TN et T gEST Afq g JUSRU SeRATHT FHT:
P (4.99% ¥ 9.03%) T 9T ORHAT (5.§2% T 5.39%) TAATCHSE FTHT FHH TEUH (920 feurger aiewee
FHHI: ATThl TANT TR, BeAATs (Gl BTqel AT, Herells aa? qu #=rhl JaNel ®el (a4l 20
feererem offd ST YUSRUT TR &&T F=Thl FARTS [STehT Her®T el FH TIhT (3.94%) T FH HETH
(5.33%), 8% THAT (3.3 F.901 / FHT), THRT AT TET (¥%,.52%) T &% fgartaa 41 (u.wo fwar /qo0
TH.U.) U fol e fearare fafay wrefas arades St aidet a6, FTSH a6, e
T AT FraXdT ATHTS T FTSHVSEF 00 b W T EHAT FATHT &7 FIITHAT ATHTS TR
FraTdl T FH &fd (9.99%) RaUhT 8T T qHUlegsd AR T HUSRU AAfdTdT HIETAT AT TS
TRTRT FrazdT BTl e (9.05%) TAT AT &fd (3.53%) 8 FH 0P (947 9 o7 difee
TIT TAAF FATFee THAT (3.¥Y HST / THHA) T IR AT (¥8.30%), FFAT G497 (0.29%),
frarfae 41 (R5.9% .31 /900 TH.UA.) T 3(a HeATEHA (¥.49) == AfieUs! faar 9o iersiet
HTAT (90.9% “fqaRr”) 7 U {2l Frazal weraTs Tl Il (10%), AT (0.9%), HAHT 9 T
fafeeaa farrso, Fnfeaad FREE (%) T NaTd (4%) & [IagRT STARIRETAT FIRAT USRI
TG HABT I[ACTCHT FATAFTT R AT 2T Greer F9ar A gar ¥ afafeadam fasor 78
ITER & i Jar gERed Gfq oY FH b AY BeAR! ThHT (3.03 B / TIAHT), TR
[T (¥3.59%) T Prarfaa & (¥.54 M7 /qo0 tH.Ud. ) IaawaT der ITgUen! {931 II=R bl HeTdl
M RV q=1 99 o el HUSRY AT Jig TTH qrgUHT forar |
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Survey and Management of Maize Weevil (Sitophilus Zeamais
Motschulsky) in the Mid Hills of Nepal

Ram Babu Paneru (ENT-02P-2014), PhD 2018
Department of Entomology
(Chairperson of the Advisory Committee: Prof. Resham Bahadur Thapa, PhD)

Maize is the second most important cereal crop after rice in Nepal. This crop suffers even after
harvest in storage. Therefore, farmers’ field survey, varietal screening, and botanical evaluation
with different containers were carried out to identify farmers’ practices, development of post-
harvest technology, and its verification in farmers’ storage conditions for the management
of maize weevil (Sitophilus zeamais Motschulsky). The survey was conducted in the mid and
far western mid-hills of Nepal, purposively sampling 120 household heads. Thirty-two maize
genotypes were screened against S. zeamais in no-choice and free-choice conditions, then rhizome
dust or flake and leaves of botanicals, i.e. 1) Corcuma domestica (Valot) rhizome flakes, ii) C.
domestica rhizome dust, iii) Acorus calamus (Hamilt) stolen dust, iv) Zingiber officinale (Roscoe)
rhizome flakes, v) Azadirachta indica (A. Juss) leaf dust, vi) Citrus limon (Burmann) leaf dust,
vil) Juglans nigra (L.) leaf dust, viii) Debregeasia saeneb (Forssk) leaf dust, ix) cattle dung ash,
x) Oryza sativa (L.) husk ash, xi) Agave americana (L.) leaf ash, and xii) untreated control, and
storage containers, i.e., aluminum bin, earthen pot, polythene pot and jute bag, each with botanicals
(A. calamus dust, A. indica leaf dust and O. sativa husk ash) evaluated against S. zeamais with
3 replications at laboratory conditions (Maximum 24-32°C and Minimum 18-27°C). Farmers’
survey estimated post-harvest maize loss of 20% caused by pests, of which the maize weevil (S.
zeamais) was the first priority serious pest of economic importance. An ordinary least squares
regression (OLS) used to identify the parameters associated with post-harvest maize losses due to
pests. Finding showed that farmers who harvested maize cobs before the first week of September
and stored shelled grains in jute bags (katto) suffered grains loss by 14% and 5%, respectively.
The findings clearly indicated 8%, 6%, 4% and 2% reduction of postharvest losses by growing
and storing maize below 800 masl, households with farming occupation, storing de-husked cobs in
bamboo basket (dokko) and storing husked cobs in vertical/horizontal wooden or bamboo frames
(thakro), respectively. The genotype screening results showed that the maize genotypes had
different response to maize weevil damage, ranging from susceptible to tolerant. The genotypes
Manakamana-3, Lumle White POP Corn, and Ganesh-2 showed their tolerance to S. zeamais as
evidenced by a lower number of weevil emerged/attracted, lower amount of grain debris release,
and lower proportion of bored grains, while the genotype ZM-627 was the most susceptible to
weevil damage in both tests. Botanicals and storage containers studies revealed that the extent of
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grain damage varied depending upon types of botanicals and storage containers. 4. calamus dust
@ 25g/kg was effective against S. zeamais for 230 days, which was 16 times better than control
in terms of bored grains. Regarding the storage containers with botanicals, aluminum container
with A. calamus treatment was 28 times better the han jute bag without botanical treatment
(82.5%) in term of grain damage. The effect of maize variety was prominent against the maize
weevil damage in farmers’ condition. The Manakamana-3 maize was superior to Poshilo
Makai-1 in all 3 containers. Hence, the storing of maize grains like Manakamana-3 in
An aluminum container with A. calamus rhizome dust treatment @ 25 g/kg grains can be
recommended under the farmers store condition for the storage of maize under mid-hill
condition. The findings are useful to aware farmers about the appropriate harvesting time,
storage structures and post-harvest handling practices to reduce pest loss in maize storage
to improve grain protection in storage and the varietal improvement/release program.

TTETHT Wk, aTAITSebT JT8T HEcaqul @rare aTell &1 | A7 STl JCaTaaToRT= JURHT 9i Jecte@rra
Afq g7 | 9 g9 awdrd yfafy g T IEead A AUSRUl HawaTI e d HUHEer
M ¥ FRIARHT aTer areH, ST WUSRYT Giafe faer T FuehT USRHAT JHIUIHRIT T AN
TATARICAT A& ARUeRT T | AOTARr HeT qAT R IRAH AR HATRTS! &AHT 430 T
SEYIHAF AREHI GG FAL TN F2T | geel Taqer Tirs T {1 ASE e 3% aar
HebehT STAET (STHITAC, STHTEHE) F HF AaEI9 grra TRuawr faar | fafaer swedfaepr e
AT TAT THT TAT ITAHT T, T §) FART AR THT, ) EAGT THTHT gl, 3) ST THTHT g, ¥)
AT TR T, ) TFT a1l ga, &) Hafa Jrael gar, ©) gTesar ardel gal, &) qURT 9rad!
gal, &) TMEas] Eel @A, 90) 919 TH D! @A, 19) Hde ITadl @1, %) Hrard, T USRI

~

IYFREE S Q) ATGHTIAT &, ) HIGTHT AT, 3) WAfeehebl TSN, 3) START BT T ¥) S[Eehl
ISAT EYFAT TTATTE TT (STRT ITHTHT T, I TEHT @A, (AF Tl gedl) e FARTLITATHT
(AT dTIRH: ¥ If@ 3R° FY. T FAGH ATTRA: 95 3@ I9° ) 3 TaF IERTS FhHl g
fawg TaTEEIRAT Fearee MRTHT 2T | FUF THAT ICATEATRI Heb AUGRHAT qTLSAad 0% Hb
&fd g TP SRAURT T, WY ATAF HEcAP! TPV ITATHBATERT ATRAT TASAHET Hebehl g
HE ST U G TYHT B | MASTEgRT SR Heb &[qHT Teag T (a0 FRbAaEEH
FediHied Tt~ TT TS qeATg (Geuo TRAT | FUhes, Tad QR Ufgell gar ama qeb
qTAT IvhTS TS ¥ Heb GISTR TIhl AT TS Ieehl Wb G HAd: 9¥% T 4% a6 g
ERT AT IEITH | T (FIATI, 500 WX I=F qval T Heb oG JUSR TT&T, BT TeTraT
FATAT TRHATHHT, @] HHIATHT BRI SIHMT HUSR T&[ ¥ @RS AAdH BRI ATHHT ITEET
FHA: %, &%, ¥% T % Hb &1 HH g I ATHST SM@UH G | Heb A °H [a6g TeAradarg
HAIGFTR] F¥F F¥eh AARNGRAY I@IUHT qTEAT | TIRETT TRUPT FhAT foefaa o Taiferr Fem,
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TR FART FEAT, ! [TSTHT AAT T ATATLH] ITATH] F@IT ATIHT HABTHAT-3, TFA AT TIHA T
TOTIT-R Heb TehT ATHHUAT TEATae ST T Teb AT T TH §9 GIH=T g Gaarraqel g4 |
qiveTor TRUHT HEAT TAPT ST TANT TUHT TALATTER a7 T TUSRY JHHRUTHT [THGH AR B
Yk TTSAT | STSRT TATHT gell L UTH Ui .S, Tebebl 37l ITATET STFRT BT UG T
30 feqam o favg gamasRT wgdn, SHfE faar IUeR afeusr we 9wt 9§ AT dafe THTERR
ferdi | STSRT ITATHT YAt ITAR TLHT Heb AHTAH SITHT TR & fodT SIAR @ FATHT AUER
TN =T I3 AT Al I fo6g TATawRT Teal | FHhed! HUSRHAT TRTH TREAT I ATHAT faeg
HE SATTH TAE 3 a¢ ITHVEE (ATHTAH I, weeF ATl T T GRT) AT I SRGUal arear |
T ATHAT (65 AAFHAT-3 Teb Gieasal Teb-q HT ShST ULAT | THHR, HeA TETST &A1 FIF
qUERUHT IAATE & &1fq ~IH TP AT HebelTs AeHITaH SAHT SATSRIPT AR @l Y T Iia
& ST HebehT T SUAR X ISR T FUFEEeATS AHIE g | Feb HUSRUHT gAaTT g afd =+
T Wb AT I HAET, JIIhH TSR IYH JAT BRATHATT, ¥ fowg Febebl S BT T+
HAITATE I A(TSEE BTeheb] ATNT JTANT T |
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Exploring End Uses of Commercially Important Medicinal
Plant Species in Nepal

Gandhiv Kafle (COE-03P-2015), PhD 2019
Department of Agri-Botany and Conservation Ecology
(Chairperson of the Advisory Committee: Prof. Indira Bhattarai Sharma, PhD)

Knowledge of end products of medicinal plants and their consumption can be useful for predicting
future demand and planning for sustainability. Neopicrorhiza scrophulariiflora (Pennell) D.
Y. Hong of the Scrophulariaceae family (hereinafter referred to as N. scrophulariiflora) has
medicinally important rhizomes with high levels of trade. Ophiocordyceps sinensis (Berk.) G.
H. Sung, J. M. Sung, Hywel-Jones & Spatafora (syn. Cordyceps sinensis Berk.) (hereinafter
referred to as O. sinensis) is a medicinal plant found in subalpine and alpine Himalayan pastures,
consisting of the fruiting body of a parasitic fungus and its host caterpillar, the alpine ghost moth
of the genus Thitarodes. Aconitum spicatum (Bruhl) Stapf (hereinafter referred to as A. spicatum),
belonging to the family Ranunculaceae, is a poisonous herb with tubers of medicinal value that
grows in moisture-retentive but well-draining soils of mountain meadows. This research was
carried out from July 2016 to July 2017 to explore the industrial demand of N. scrophulariiflora, A.
spicatum, and O. sinensis, the manufacturing of their end products, legal provisions for trade,
and conservation of N. scrophulariiflora and the consumption of its end products in Nepal. A
telephone interview was conducted with representatives of herbal manufacturing industries
using a structured questionnaire and checklist in November 2016 to find out the industries
that process N. scrophulariiflora, A. spicatum, and O. sinensis. A total of 2313 herbal products
were surveyed for N. scrophulariiflora, A. spicatum, and O. sinensis as ingredients in 38 retail
shops of Bharatpur and Kathmandu cities of Nepal to find out the end products containing these
species and their manufacturers. Then, processing industries of these species in Nepal were
interviewed using a structured questionnaire and a checklist. A consumer survey was conducted
among purchasers and consumers (patients) of end products (Ayurvedic medicines) containing N.
scrophulariiflora (n=513) in five different cities of Nepal using a structured questionnaire and
checklist to explore characteristics of consumers and consumption of its end products. An online
survey (n=58) was also administered using structured questionnaires to explore reasons for
choosing to consume Ayurvedic medicines by consumers in Nepal. It was found that four industries
processed ten kg O. sinensis in a year (2015/16) and produced four types of end products, such
as Ayurvedic tonic, food supplement, alcoholic beverage, and sex stimulant tea. The end products
containing O. sinensis were reported to have multiple benefits to the human body, including

enhancing immunity power, boosting stamina, inducing relaxation, providing energy and mental
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freshness, and healing several health disorders. There were 23 herbal industries manufacturing
45 types of Ayurvedic medicines as end products containing N. scrophulariiflora. The volume
and value of annual demand of its dry rhizomes in Nepal were found to be 6076 kg and NRs
8573236 (USD 83235.30) respectively in 2015/16, with an average of 264.17 kg/industry and
NRs 1410.87 (USD 13.69) per kg. No herbal manufacturing industries were found processing A.
spicatum to produce end products in Nepal in 2015/16. The utilization of Ayurvedic medicines
containing N. scrophulariiflora for the treatment of health disorders of human is prevalent in
Nepal. Men and women consumers of diverse ages and with different socio-economic profiles were
found to consume Ayurvedic medicines containing N. scrophulariiflora to treat health disorders
associated with different organ systems of the body. The consumers receiving Ayurvedic medicines
containing this species were children, adults, and elders ranging from 1 to 98 years old (average
37.6 years). Employed and unemployed, educated and illiterate consumers were found to consume
Ayurvedic medicines containing N. scrophulariiflora to treat their health disorders in Nepal.
Consumers receiving those medicines were from households having diverse annual cash income
levels. The purchase and consumption of Ayurvedic medicine containing N. scrophulariiflorawas
most often guided by a doctor’s prescription. Most of the respondents believed that the prices of
those Ayurvedic medicines were fairer than other types of medicines. Ayurvedic medicines are
believed to bring harmony and balance in the mind, body, spiritual well-being, and social welfare
of humans. The reasons for the preference for these medicines are of great interest for exploration.
Fewer or no side effects, preference to the natural way of healing, belief regarding the healing
of disease, ease of access (availability and cost), and advertisement and recommendation from
others were the major reasons that the consumers chose to consume Ayurvedic medicines for their
own’s healing. In case of Ayurvedic medicines containing N. scrophulariiflora, the majority of the
consumers believed that these medicines have fewer or no side effects, can cure illness, particularly
for long-term chronic diseases, are cheaper than allopathic medicines, are easily available to
purchase, and are recommended by family members. Healing was not successful in the past with
allopathic and other types of medicines for the majority of consumers who preferred to consume
Ayurvedic medicines containing N. scrophulariiflora. Despite changing legal regulations, trade
and consumption of N. scrophulariiflora exist in Nepal. The domestic industrial consumption of N.
scrophulariiflora and O. sinensis was found to be insignificant in comparison to their harvested
volume in trade, and should not be considered a major threat to this species. Diversification of end
products of the N. scrophulariiflora and O. sinensis is recommended to contribute to the national
economy while promoting consumer healthcare in Nepal. Similar studies are recommended in
other countries like India and China, where the N. scrophulariifiora and O. sinensis are used
from Nepal. Further scientific studies and interventions are recommended for concerned health
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authorities and nursing practitioners of Nepal to test and validate the safety and effectiveness of
the consumption of Ayurvedic medicines.
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o (Y o
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SR, Hablhl AR T HEWH AT FAA JEATA8E T TGH ATdH ITART THTAEGeh|
JTARTHT AT TH 1 09§ HI FAATE T 2099 H AT T AT AT TRUHT {927 |
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Value Chain Analysis of Maize Seed in Western Nepal

Rajendra Prasad Mishra (AEC-01P-2014), PhD 2019
Department of Agriculture Economics and Agribusiness Management
(Chairperson of the Advisory Committee: Ganesh Raj Joshi, PhD)

Maize is the second staple crop and focused by Agriculture Development Strategy to increase
production and productivity for meeting increasing domestic demand in Nepal. The availability
of improved quality seed in sufficient quantity at the right time in accessible places with sufficient
varietal options can greatly contribute to higher production and productivity of the crop in the
country. In this context, this study was conducted in western Nepal to analyze the value chain
of maize seed with special focus on structure, conduct, and performance; adoption of improved
varieties of maize seed production; and to assess farmers’ willingness to pay for improved varieties
of maize seed. Field and market survey, review, and participatory discussion approaches were used
to accomplish the objectives of the study. A total of 200 seed producers, 200 grain producers, and
200 seed users were randomly selected using simple random sampling techniques for collecting
primary data relevant to the study from Dadeldhura, Doti, Dailekh, and Surkhet. Group discussions
and key informants’ interviews were conducted among seed collectors, processors, dealers,
source seed producers, government, and non-government organizations for validating the primary
information and collecting the information required for the study. Logistic regression analysis;
structure, conduct and performance analysis, learner index, Herfindhal index, producers’ share,
marketing efficiency, gross margin, return on investment and Tobit model were employed using
Microsoft Excel, SPSS and Stata for getting the outputs of the study. The net return per hectare
from seed production was three times higher than that of grain producers in spite of 12 percent
higher cost incurred on seed production. The benefit-cost ratio for seed producer farmers was found
1.45 in comparison to 1.11 for grain producers. The results from logistic regression revealed that
the distance from road head and nearest market center, households with higher off farm income
and larger land holding size limits the adoption of improved variety maize seed production; and
the female headed households, household with higher number of full time farm workers and
households regularly participating in village collective actions, contact with extension worker,
linkage with seed processor and availability of source seed were more likely to adopt improved
variety maize seed production. The findings from structure, conduct, and performance have shown
that structurally maize seed value chain was operating in a competitive environment (Lerner index
0.37), alow level of market concentration for the overall chain (Herfindahl index 0.44), and a high
level of market concentration for source seed production. The characteristics found in the maize
seed value chain were cooperative to captive, independent ownership among value streams, lack
of any entry and exit barriers with few legal and technical requirements, fragmented business,
and a low level of market orientation and information flow among actors. Analysis of conduct
indicators showed price determination by market forces, a low level of product diversification, a
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low investment in promotion, a primary focus of actors in individual gain, no embedded services
and risk-sharing mechanism, poor horizontal linkages, and strong vertical linkages. The level of
trust was an important glue for the smooth functioning of the value chain, which was found to
be low among chain actors. The maize seed value chain was found performing well against set
objectives of food security, poverty reduction, social inclusion, local value addition, and distribution
of income among actors. The income from seed production was largely concentrated among small
producers, with a large proportion of value addition concentrated among farmers and a more or
less equitable distribution of net margin among value streams (Ginni Index 0.74). Farmers in the
study region preferred low soil fertility exhausting, low shading effect creating, and white gain
maize varieties to fit their cropping pattern and food habits. The results from the Tobit analysis
showed that the educational level of the household head, cultivated land holding size, availability
of agriculture training, frequency of contact with extension agent, and awareness about the market
price of the product were positively and significantly contributing to the probability of willingness
to pay for improved seed, whereas availability of farm workers and distance from the nearest
road head had a negative effect. To sum up, the current Structure, Conduct, and Performance of
open-pollinated maize varieties’ seed value chain was comparatively less competitive against the
imported hybrid maize seed value chain with respect to market orientation, information flow, and
product diversification. The increasing competition with external, more competent, coordinated,
and highly efficient integrated value chains demands upgrading programs for the current maize
seed value chain with respect to market orientation, product diversification, and development of
a cooperative and collaborative structure in place of a fragmented one. High concentration of the
source seed market needs higher participation of other agencies in source seed production and
distribution, equipped with enough room for participation of private seed enterprises. There is
still a need to develop a non-profit community-based seed production and distribution system,
along with a price subsidy on improved variety maize seed. Designing the policy and programs
for the development of new, improved varieties of maize with an aggressive and farmer-friendly
marketing strategy, and private sector involvement can reap the benefits of improved maize
varieties for food security, import substitution, and livelihood promotion of different value chain
actors in the country.

TATAHT AT THE @R ATl Hebebl ATARF ARTATS qRafd T Ffy fawr o aewr
JCAEH qAT ICAGHE TGS FIATE AT TWHT G | FIFEEA A URTTHT I SATAHT Hebebl
TR fager yaTd aiewr, Iugad HA T qAT SSHT SUASIAT G9THT Hebehl FodTad e
ICATHE TS Hecd Ul ANTAT T g, | I9 T HAT TRAH TIIEHT FHebebl Hedl S@eTehl T,
AT AT=RV] JAT FTAGATEA, FIFEEA ISATAb] Hebehl (a3 IATEAH AR 4T o3 @iRaehdr
FIFEEH! (3P HeA [ TogebeTehl faeeiavr T4 A7 sreaa TRUHT &1 | Jearad Ied qieafe et
AR T 99T qEE0, RIEEdd T GEHNIAcHd AR Jgdes AETEUHl AN SSAdRT,
SIEl, o, T [TedTehT 00 Hebehl fa3 IeITaH, 00 AR Heb IcUTIsH, 00 Hebehl {3 FANT
FAT FIFEE ST FIET T G THAT Gebelel TgATATE SIS T TAEI0 TRUPT 28T | I Fomreeet
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D 9.¥Y T 9.99 TERT TLAT | AR RGP IROmH FFER G€F T AR dewdld g9, IR g
g J=9 AT, AP W@HEd] TAT ATFRA (a9 IR TARIATS THRICHE T SRR Higarep!
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fataa #rAT T wifafas arames Yedl 9rgar | Hed @l Ao ATARewd (qeeuo &l e
STSUHT HATE®, SGHAT ATHHANT THUHI, FFAR @l G8ed T Adl Sel TFwd el Teal | o
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HUH aTSAT (A1 Trea 0.9%) | HHAT &TAH FUFHede HIGHl AR FH &3 T4, FH ST
T, AT ITATHRT 3T AUHT, T ATAT JOMAl T @I ATAHT ITTET Hebebl ATAes A TRIUHT IRal |
T, F9F JHR FAEAT FTH TS, T IHEHH TR Hd THE AR FIF [agh I=d
qeF a7 Fa Togspal aers a@dl He SRIRATRHT F1H ITH ASGRH! JTASdT T TEh ¥ TR SEIehl
RS TTAT ARCHE AT U A1GdT | THIAT T G=T TUTTHT, oo Tehl GaAT Afard Tebep
FAATH] AT T&TH, JCATIAR] (AR &THT FH GATTT Teahl qreal | TaeqdT &war aerger
AN IUH FHSN &FEEh] GIRE ATY TEhrl qAT Gehrd JET Geaara fasra T Aravas
TH G | AT G fa9Hl I qdT Ay faaeerr Sl &edT Fedrd aersd ATavad Wl B |
o Ui AT FYEF A AP AN THITAAT AT TR ATRT HoF, fag geared qor fadwor ¥
fargePT HeoHT AFGTHFT ATAVARAT TEHT G | HPHAT I ST (G T FTF Biega T[T
JATTFRT IUHIATATE Hirgd T AT AT FTHHEE ATST TBHT Hebehl I ATT@THI [qebTaaT
TR AT IR I T AT ITHT @ GRETHT R TAT Hebebl ATATAATE FH I Al
HAT TR T |
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Trade and Conservation of Medical Plants, Fungi, and Lichens in
Nepal: An Application of Global Production Network Theory

Dipesh Pyakurel (COE-01P-2014), PhD 2020
Department of Agri-Botany and Conservation Ecology
(Chairperson of the Advisory Committee: Prof. Indira Bhattarai Sharma, PhD)

Trade in Nepalese medicinal plants (including fungi and lichens) is a millennial-old practice
and is huge, yet there is limited information on several traded medicinal plants, their altitudinal
distribution, and vulnerability, impeding the development of appropriate conservation and
management interventions. These medicinal plants are traded in a well-organized production
network of harvesters, traders, and wholesalers, without visible lead firms. This thesis contributes to
the body of knowledge on trade and conservation of medicinal plants and enhances understanding
of the application of global production network theory in a sector without visible lead firms. The
study has four specific objectives: (i) enumerate the traded Nepalese medicinal plant species,
analyse their distribution pattern, and assess their vulnerability; (ii) quantify the annual volume and
value of traded medicinal plant species from far-western Nepal and its contribution to household-
level total cash income; (iii) analyse and explain the dynamics of the medicinal plant production
network over time, and identify the drivers of change; and (iv) analyse the production network
of yarsagumba (Ophiocordyceps sinensis) in far-western Nepal as well as its role in providing a
pathway out of poverty. The research was conducted in Darchula, Baitadi, and Kailali Districts of
the far-western development region (now Sudurpaschim Province). The survey data for the fiscal
year 2014—15 (17" July 2014 to 16™ July 2015) was collected from September 2015 to January
2017. A total of 246 quantitative data sets (83 harvesters, 117 traders, 25 central wholesalers,
and 21 regional wholesalers) and 115 individual qualitative interviews (78 traders, 25 central
wholesalers, and 12 regional wholesalers) were undertaken. Online databases and published
documents were referred to for secondary information. A total of 300 species of medicinal
plants, fungi, lichen, and shilajeet were traded in and from Nepal, almost double that of previous
estimates. Most of the high-value and high-volume medicinal plants are concentrated in upper
sub-tropical to lower temperate regions, indicating an economic potential for increased cultivation
and domestication at middle altitudes. About 39% of commercial species are formally protected,
including bans on the collection and trade of certain species, but this approach does not appear
to protect species from commercial harvesting, driven by increasing demand and higher prices.
The high-altitude species Jatamansi (Nardostachys jatamansi), Padamchal (Rheum australe),
and Kutki (Picrorhiza scrophulariiflora) are the most vulnerable traded species, warranting
the development of alternative protection mechanisms, e.g., transferring management rights to
local communities. A total of 1284 tons of medicinal plants worth NPR 587 million (USS$ 5.9
million) were traded from the three survey districts in FY 2014—15. Rittha (Sapindus mukorossi)
and Tejpat (Cinnamomum tamala) were respectively traded in 420.0 tons and 388.5 tons from
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the three survey districts, showing that cultivated products are important to meet international
demand. In Darchula, the top five products constituted 95.3% in terms of cumulative trade value
and are wild harvested from mid and highlands (> 2000 m), showing the trade pressure on selected
highland products, leading to serious conservation implications, further strengthening the need for
community management systems in highlands. Medicinal plants are substantially contributing to
total cash income in the far-western development region, ranging from almost 10% in the mid-
hills regions to 52% in the mountainous regions. A 2.3-fold increase in volume and a 17.2-fold
increase in the value of the medicinal plants trade were recorded from FY 1997-98 to FY 201415
in Darchula District. Twelve products were traded in both periods, while seven disappeared, and
11 products entered the trade. The three main drivers of change are: (i) rising incomes in China
and India expressed through demand for new products; (ii) expanding infrastructure (roads and
communications); and (iii) government interventions causing the disappearance of some products
from trade. Over the observed time period, harvesters and traders increased their margins at the
cost of central wholesalers, indicating that market changes favoured lower-tier actors, eroding the
previously identified passive central wholesaler oligopsony in Nepal. Average annual cash income
from Yarsagumba was US$ 2174/household, compared to an overall cash income of USD 2123
+ 1308/household in Darchula District. With a collector value of approximately US$ 4.7 million
(from 384.1 kg), Yarsagumba made up almost 80% of the cumulative medicinal plant trade value
from Darchula District. The Yarsagumba production network is operated by actors establishing
trust-based relationships that allow them to respond to market signals, enabling the flow of rural
and remote environmental resources to urban centres. This research successfully applies the global
production network theory and its three components— value, power, and embeddedness in the
trade of Nepalese medicinal plants. Value is created by harvesters, enhanced through primary and
secondary processing and product development, and captured by different firms (e.g., through net
margins) and non-firm actors (e.g., formal and informal taxes) in the production network. Territorial
embeddedness is described in relation to the location of actors, e.g., at road heads, and network
embeddedness refers to factors tying an actor to a particular network position, e.g., the functions of
a trader. Finally, bargaining power is described in relation to direct power exercised between actors
(e.g., the relationship between regional and central wholesalers), and institutional power refers to
the direct power exercised by formally organized collectives, such as government administrative
bodies (e.g. the Department of Customs, District Forest Office) or traders’ associations. With the
successful application of global production network theory to the trade of Nepalese medicinal
plants, this research opens a new perspective for the application of the theory to sectors without
visible lead firms. It also allows researchers around the globe to apply the theory to the trade of
environmental products, thereby helping to broaden the scope of the global production network.
The present research was only focused on generic suppliers. Future studies should look at other
actors (lead firms, strategic partners, specialized suppliers, and customers) to further enhance the
understanding of the application of global production network theory.
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I ATARET [T TeTesepT T SRR T qeie [guasn faadr | qrd, sarqre T geefeaa i
T2 FIAEEdE] THT FHET TRUFT 947 | T A9 TIdare 300 JTSMEel TSidesdl TR
g T TEIUH] @, S M ATATH TRUBTAET TAT 3ear Fel &l | JUrer T AR A1
qUHT SAEEHT FITwET TE ATINE Hecdebl TGSl TANTeeE Tgdl, Tl ATl o &
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STYIAT ATTHT SATTHRAT, ¥ (3) A [TAHHT TUH! BRaqel Teehl UfE=TT TRAT | I ALATTA TATa
TSHIA TEA% [GgT= T AHEHN A ATLROM: AT, FFISHH T ITERATS AT STSTedIehl SATIRHAT Thel
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7 I ®H THREET FTER T | SRIERAA SE g UaEsh! Miyeid TATTHT T8l Thgeh! aeaT
T qEdd TEISAA UHRIEEH ATIR ToSATAH g Thgh! aieHl ATl TRUHl § | TE, 55 qeH
THRIA &1 Ted [AURO TeBaTars aRiiag 96R ¥ R B TeResd Seladl SATIRET HAAT q@rs-
IR JATEATS Sre[=0aAd GTaveh! [edTaal Jud TS G | TAad JSad dddd (gl Tarell
TR TXHT G | A=A, TAEAA JSHT A2AF [AGIAehT 9 TAREHA AT ALAATA AT TETHTS
fTeeIour THT ANTHT ALATET TSEEl ATIRHAT Jelid IAT T H, I0HIAH TTHaR, [aRTS Avhar
T IUARIEEHT 9 ST T [FgTadrs araraxuia Scaadeh! TR [edrddl TR ST T
FEANT TG |
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Dynamics of Red Bloom Algae in Fish Ponds and
Management for Mitigation

Ram Bhajan Mandal (AQU-01P-2014), PhD 2020
Department of Aquaculture
(Chairperson of the Advisory Committee: Prof. Sunila Rai, PhD)

The present study was carried out to understand the overall phenomenon of red bloom in carp
ponds, its impacts on water quality, plankton, carp’s growth and production, and gross margin,
and to assess appropriate mitigation measures, from July 2015 to June 2018. The study consisted
of a field survey in the eastern, central, and western regions in Nepal and three experiments at the
Agriculture and Forestry University. In the field survey, carp farmers in Morang, Chitwan, and
Rupendehi districts were interviewed using a structured questionnaire to assess farmers’ perception
of red bloom and water quality, soil, and plankton from their ponds. Farmer’s response was mixed;
around 28% respondents reported fish mortality, and 33% respondents observed gasping in red
bloom ponds. Red bloom was found in ponds where Euglena sanguinea was abundant, and
its population varied seasonally depending on temperature and nutrient content. Water quality
parameters such as total phosphorus (TP), total Kjeldal nitrogen (TKN), total dissolved solids
(TDS), and conductivity were significantly higher (p<0.05) in red bloom ponds than in non-red
bloom ponds indicated that red bloom algae have a direct relationship with nutrients in pond water.
Dissolved oxygen (DO) was found to be lower (p<0.05) in red bloom ponds, probably due to the
non-photosynthetic activity of E. sanguinea. The first experiment was conducted to assess the
dynamics of red bloom algae in ponds without fish. The experiment included three treatments, 1)
non-red bloom pond with sunlight, ii), red bloom pond with sunlight and iii) red bloom pond without
sunlight (black plastic sheet covered the red bloom pond to check sunlight) and two factors i) two
different water depths (10 cm and 50 cm) and ii) three different time periods: morning (6.00 to 7.00
h), afternoon (13:00 to 14:00 h) and evening (17:00 to 18:00 h). Result showed that the density
of euglenophytes, including E. sanguinea, was significantly higher (p<0.05) in the red bloom
pond with sunlight than in the non-red bloom pond and red bloom pond without sunlight. Light
intensity and nutrient enrichment played an important role in the blooming of E. sanguinea. Higher
density of E. sanguinea in the afternoon and lower density in the evening at 10 cm showed that
it exhibits surface and downward migration with sunlight intensity. The maximum red blooming
was observed during 12.00 to 13.00 hours, when light intensity was higher (1928 Lux to 1988
Lux). The second experiment was conducted to assess the effects of red bloom algae on growth
and production of carps using two treatments with three replicates: i) carp polyculture in a non-red
bloom pond and ii) carp polyculture in a red bloom pond. Result showed that red bloom algae did
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not affect (p>0.05) the overall production of carp. However, survival of rohu (85+1%), bighead
(95+£1%), and mrigal (88+8%) was significantly (p<0.05) higher in non-red bloom ponds than red
bloom ponds, which could be due to low DO. The third experiment was conducted to evaluate the
effectiveness of mitigation measures for red bloom algae in carp ponds. The experiment included
four treatments with three replicates: 1) no mitigation (control), ii) skimming, iii) fertilization with
urea and DAP, and iv) liming. Results showed that urea, DAP, and agricultural lime decreased the
density of E. sanguinea significantly (p<0.05) and maintained DO optimal, but could not improve
carp production. Gut content analysis showed that all carps ate E. sanguinea, but its density was
higher in the guts of silver carp and rohu than in other carps. There were no differences (p>0.05) in
gross margin among treatments in the second and third experiments due to similar fish production
in all treatments. Intense red bloom needs mitigation for achieving better fish production by using
urea and DAP with an N:P ratio of 4:1, while a modest red bloom is acceptable and does not need
mitigation. The present study clears up the concept of farmers on red bloom and guides them to
culture carp in red bloom pond confidently. However, farmers should be able to differentiate the
source of red colour of water because water becomes red not only by E. sanguinea but also due to

iron content and soil run off.
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Quality and Shelf-life Enhancement in Dried Fish
Products of Nepal

Neeta Pradhan (AQU-03P-2014), PhD 2020
Department of Aquaculture and Fisheries
(Chairperson of the Advisory Committee: Prof. Madhav Kumar Shrestha, PhD)

Dried fish consumption has increased recently in Nepal to supplement other sources of animal
protein. However, the quality of the dried-fish products available in the markets has been a major
concern. A market survey (Expt. 1) followed by a series of four experiments was carried out: (1)
exploratory survey of dried fish products in Nepal; (2) Expt. 2: biochemical assessment of dried-
fish products of Nepal; (3) Expt. 3: quality assessment of dried Chhari fish from different market
outlets of Nepal; (4) Expt 4: evaluation of preservatives and drying methods on quality and shelf
life duration of dried fish; (5) Expt 5: validation of preservatives and fish drying methods. A
survey was carried out in 2013-2016 at different marketplaces to identify the available dried fish
products in Nepal. Samples collected from different marketplaces were analyzed for their quality.
Mrigal (Cirrhinus mrigala) chhari fish samples from different market outlets were analyzed for
their quality. An experiment on drying methods with three different preservatives was conducted
for the quality and shelf-life of dried fish, and the two best methods based on drying methods
were further tested for validation at high hill markets (Jumla and Rasuwa) at ambient temperature.
During the survey, a total of 27 sun-dried and 32 smoked fish species were observed. Among the
32 fish species, only 10 species were found whole smoked, and the others were in pieces. Survey
results showed that exotic species such as Harpodon nehereus, Penaeus spp., Stolephorus spp.
imported from several Asian countries, shares approximately 70 percent of the dried fish market
of the country. The dried fish products available in the market were in the form of sun-dried,
smoke-dried, spicy instant fish, and fish pickle. The marketing channel of sun-dried fish products
imported from foreign countries was shorter than the marketing channel of domestic origin of
dried fish. The study conducted to determine the hygiene of sun-dried and smoked fish samples
available in the markets of Nepal showed that the overall mean of total plate count (TPC) was 1.4
X 10° £ 7.2 x 10*> with a minimum of 5.3 x 10? + 2.3 x 10? in Pothia (Puntius conconius) and a
maximum of 4.2 X 10°+ 3.9 x 10% in Kechaki (Stolephorus spp.), and the values were within the
permissable range (1.0 x 10° cfuzg). Mean mold content was 3.0 x 10% + 2.0 x 10> with a minimum
of 0.1 x 102+ 0.1 x 10? in Shrimp (Penaeus spp.) and a maximum of 8.6 x 10+ 6.9 x 10? in Nathali
(Stolephorus commersonnii). The value of mold was also within the permissable range (1.0 x 10*
cfu/g). Whereas smoked fish samples were heavily contaminated with bacteria and mold, which
exceeded the permissible limit. The overall mean of TPC content was 1.2 x 107 + 4.6 x 10° with
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a minimum of 0.1 x 10* + 0.0 X 10* in rohu (Labeo rohita) and a maximum of 3.7 x 107 £ 3.2 x
107 in Sahar (Tor putitora). Mean mold content was 6.2 x 10? £ 3.6 x 10*> with a minimum of 0.9
x 102 £ 0.1 x 10% in Asala (Schizothorax spp.) and a maximum of 2.3 x 10* £ 0.1 x 10? in Naini
(C. mrigala).The study carried out to access quality of cured and uncured dried Chhari fish in
commercial fish processing centers, in wholesale and retail markets, showed that the TPC ranged
from 1.5 X 10°£8.3 x10%to 1.2 x 107+1.3x107 cfu/g in cured dried fish and from 4.2x10°+2.0x10°to
2.4x10°+1.3x10° in uncured dried fish. Mold content ranged from 0.7 x 10°+0.1x10° to 3.5 x
10°+1.2 X103 in cured dried fish and from 1.4x10*+7.7 x 103 to 1.3 x 10°+1.5 x 10° in uncured dried
fish. Though the fish preservation through the curing method was comparatively better than that of
uncured in terms of processing, preservation, and storage, the quality of both cured and uncured
dried Chhari fish in commercial fish processing centers, wholesale, and retail markets was less
hygienic. Visualizing the need for improvement in fish processing and preservation, four different
drying methods: sun-drying, smoke-drying, solar drying, and hybrid-solar drying methods were
evaluated for dried fish shelf-life quality. Charri fish (50-60 g-sized) samples, collected from the
market, were cleaned, pretreated with 10% salt, 1% turmeric, 10% salt + 1% turmeric, and control
(without any preservative), dried by four different methods, and stored for 30 days. The drying
times required were 60, 13, 74, and 49 hours for sun-drying, smoke-drying, solar-drying, and
hybrid-solar drying, respectively. Moisture content increased from 5.6 + 0.4%, 4.2 + 0.4%, 4.0
+0.7%,4.2+£0.2% to 7.2 £ 0.3%, 5.7 = 0.3%, 6.7 = 0.6% and 6.0 £ 0.3%; crude protein content
decreased from 60.8 + 1.1%, 63.3 = 0.9%, 60.0+ 2.2% and 60.3 = 0.9% to 58.9 = 1.4%, 62.2+
1.0%, 58.6+1.3% and 58.3 + 1.4%; fat content decreased from 2.9 + 0.4%, 2.5+0.3%, 3.6+0.6%
and 4.440.8% to 2.2+0.2%, 2.3 = 0.3%, 2.3 + 0.2%, and 2.3 + 0.3%; peroxide value (mEq O,/kg
of fat) increased from 39.5+1.7,2.5+0.1,35.7+2.1and 3.5+ 1.4t080.3£6.2,2.8£0.2,61.3
21.2 and 8.3 + 6.6.; free fatty acid (as oleic acid) increased from 1.0 +0.5,0.4+0.1, 0.6 £ 0.1 and
0.31+0.0t0 1.4+0.3,0.4+0.1, 0.8 £ 0.1 and 0.4+ 0.1; mean pH value increased from 5.5, 5.6,
5.3and5.5t05.7,5.8, 5.5 and 5.8; total plate count (cfu/g) increased from 2.3x10*+ 1.3 x 10% 2.3
x 10253 x10,2.2x10°+1.4x10% and 1.2 x 10°£ 1.6 x 10°to 4.4 x 10°£ 1.9 x 10%, 3.0 x 10>+
8.2x10',5.0x 10°+7.5x 10"and 3.4 x 10>+ 9.9 x 10'; in sun-dried, smoke-dried, solar-dried, and
hybrid solar-dried samples, respectively, during the 30 days of storage. Mold was found only at
30 days in sun-dried (504 87cfu/g) and solar-dried fish (25+5 cfu/g), and no mold was developed
during the whole storage period in smoke-dried and hybrid solar-dried fish. Smoke and hybrid
solar drying methods showed better results in all aspects compared to sun drying and solar drying.
Smoke-drying and hybrid solar-drying methods were selected for a verification experiment and
subjected to 90 days of storage in the high hill regions of the country. Similar results to those
observed in the first experiment were obtained in the second experiment, which involved smoke-
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dried and hybrid solar-dried fish, during a 90-day storage period. Moisture content increased from
9.5+ 0.3% and 7.6 £ 0.3% to 11.6 £ 0.4% and 10.2 + 0.6%; crude protein content decreased from
63.2 £ 0.4% and 63.9 £ 0.2% to 60.8 + 0.5% and 62.0 = 0.5%; fat content decreased from 5.0 +
0.3% and 5.0 £ 0.3% to 3.1+ 0.2% and 3.4 + 0.2%; peroxide value (mEq O,/kg of fat) increased
from 0.0 = 0.0 and 0.0 = 0.0 to 18.5 £ 1.1 and 19.6 + 0.6; free fatty acid (as oleic acid) increased
from 0.4 +£ 0.0 and 0.3 £ 0.0 to 1.2 £ 0.1 and 1.0 = 0.1; pH value increased from 6.2 and 6.2 to
6.7 and 6.8; total plate count (cfu/g) increased from 1.0 x 10>+ 1.0 x 10'and 2.0 x 10>+ 1.2 x 10!
t03.7x 10> £2.9x 10'and 1.1 x 10°+ 3.9 x 10% in smoke-dried and hybrid solar-dried samples,
respectively, during the 90 days of storage. Present study suggests that Chhari-sized mrigal fish
dried by smoking and hybrid solar
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Evaluation of Conservation Agriculture Practices on Maize Based
Cropping System in Far Western Hills of Nepal

Hari Kumar Prasai (AGR-01P-2014), PhD 2020
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Shrawan Kumar Sah, PhD)

This experiment was carried out at the Regional Agricultural Research Station, Dipayal, Doti, from
June 2014 to July 2016 with the objectives of identifying appropriate conservation agricultural
technology for hybrid and open-pollinated maize under maize based cropping system in the river
basin agro-environment of far western Nepal. The experiment was set up in a split-split plot design
with four replications and three factors. Maize-wheat-mungbean and maize-lentil-mungbean
cropping systems were taken as main plot factor, conservation and conventional agriculture were
applied as sub-plot factor, and hybrid variety Rajkumar and open pollinated variety Arun 2 of
maize, Dhaulagiri and WK 1204 varieties of wheat, Shimal and Khajural varieties of lentil, and
Pratikshya and Kalyan varieties of mungbean were taken as sub-sub plot factor. The system grain
yield, maize equivalent yield (MEY), and net return increased by the maize-wheat-mungbean
cropping system were found 46% (11.29 tha' yr'), 6% (15.35 t ha'yr'), and 2% (Rs. 110300 ha'!
yr') higher than the maize-lentil-mungbean cropping system, respectively. Similarly, the system
grain yield, MEY, net benefit, benefit to cost ratio, soil moisture, rate of water infiltration and ratio
of soil organic carbon increment influenced by conservation agriculture was found 12% (10.04 t ha-
lyr!), 7% (15.60 t ha'yr'), 131% (Rs.152200 ha' yr'), 37% (1.48), 9% (11.41%), 43% (1.53 mm
min™') and 11.6% higher than conventional agriculture respectively. The system grain yield, maize
equivalent yield, net benefit, and benefit-to-cost ratio produced from the interaction effect of maize-
wheat-mungbean cropping system, conservation agriculture, and varietal sequence Rajkumar-WK
1204-Pratikshya were found 10.87% (12.85 t ha' yr'), 7.76% (17.08 t ha! yr'), 84% (Rs. 181000
ha''yr'), and 38% higher than their conventional agriculture counterparts, respectively. Similarly,
the interaction effect of maize-lentil-mungbean cropping system, conservation agriculture, and
varietal sequence Rajkumar-Khajural-Pratikshya produced 19.62% (9.39 t ha'! yr'), 12.70%
(16.50 t ha'yr'), 139% (Rs. 186000 ha'yr"), and 44% (1.85) higher system grain yield, MEY, net
return, and B:C ratio than their conventional agriculture, respectively. So, farmers are advised to
adopt the maize-wheat-mungbean cropping system, conservation agriculture, and varietal sequence
Rajkumar-WK 1204-Pratikhsya for high productivity and profitability in the irrigated river basin
agro-environment of far western and the maize-lentil-mungbean cropping system, conservation
agriculture, and varietal sequence Rajkumar-Khajural-Pratikshya to achieve high productivity

and profitability in the rain-fed river basin agro-environment of far western. Improvement in soil
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organic carbon, rate of water infiltration, and soil moisture was found to be higher in conservation
agriculture, and farmers are suggested to apply conservation agriculture for improvement in soil
quality.

IT AT TR &A1 B AT g, [T, ST 09 (w5 3@ 3093 JARTHH ULl
T el WETEEE g Hebebl STAEeHT ATeTiea afera wi gfafy afe=ma w7 Sgeaer d=mam e
feram =7 arerer feete-femre e fesred™T = 9o IEMATEURT fOaT | HE-TE-H T Hp-HE-H
ATAT SHALATATE HET WA, FTT ¥ TFRETT Hi Gfafeis 39 we T 997 97T Hbehl A ITSTRHAR
T GedT WIS Heb 1 ST 6 R, ST ¥ oA, . 40 TEHT SAqes, AT T GoRT  THRH
SAEe T YAEr T FeAam JIH Aaee ds 59 S9 e adTs GHTae TRUH 937 | FEa &
I FoaATeAT TRUHT G0 s AT AAl 3@ IA18 @Il AT el (HATS ATAT bl
AT S1d TS (a9 AUH! f9a7 ¥ afereal areilel da9uesars qeals (a3 A4l bqls, e qiy
THEIATS RRSITEUT faT 99 TRFRTTd B Avaiid G TRUHT e g eells Afec] aTeiiel
HANTETATS EaTS [ Taeh ST Hel [HATE FITHl AT ATeH aTE forg ARTUert foaar | /eb-wael-
T ATl RN A= AHTT TRTHT FUMRT Tehebl AT ITTBHR, Geoll TINATAT Hebebl ST
o3, T T GORT q AT AR T GAET ¥ FeATT ATABT HITHT A0 AR I (9. 0% T
gfq B ufq aW), T SRTER IAATET (9%.53 T Yiq g qiq a9) ¥ & AR (3. 409500 Uid g
gfq o) qRRT Heb-TE-HIT aTell Ha=T v AR TTHT Wllg Hebehl ATAEE, AT T Sod,
%, 9R0% SIAH g ¥ Wife TATAHT FIAHN AM6F ATT IR ¥ raerd ol (99.%% a7 9fd gda?
gfq @) & gfqerd ad A SRTER SATEA (44.3¢ 2 ufq &Fex i aw) T R gfqera afe gz AR (=
990300 Ylq &da¥ Uiq W) TEUHT AT | TRERRTT HT Al A=Ia dTeadd TRUH TTEAR T A0
R STAT Heb, SN T o, . R0 STAHT g, A T @1 § SAbT HHA T GIAET T Fearor
STAhT FATHT AT A9 IJead (5.%% I Ufd g9ex 9iq o), A avTeR Scamed (1% 4% aF gfq
gHX 9fq a9), G ATHRT (¥, §4%00 Uiq &Hex qfq aW) ¥ AR @ I (1.33) W=7 AFeqd i
gfafe dvaTd g TRURT FIET ATAHT T&, Heb, AT T HIHT AT Iearas 4R Fraerd (90.0% A
i ey 9fd a), Wb aRTeR SAEA © Fiaerd (14.80 a7 9fd #4ex ufd o), g a6 93.9 gfaea
(®. Q4300 Yfq FHR Ifq a¥) T ATRME GHAHT ATITT 390 Giqerd (9.%¥5) F FE qTEUHT o |
Hep-TE-HT ATl <, FROTT FT T FAMTT FH ATEAT-ToA, . §0¥-TITETHT TRETEEF HThT
ERATE U JeATGH, Heb ARTAR JTATGH, GT AT T AT Gelehl FTe JRFIRIT B STvaT 9T
90.5% YT (QR.54 a7 id gaex Uid a9), . 9% Giqerd (99,05 I+ Yid gaex qfq aw), 5% giaera
(. 959000 gfq FFaz gfq aw) T 35 Gfqerd (4.95) o aEr qrEATR AT | S d i weh-HERr-H aredy
T, WL HT T AT HH AARAR-GRT - FTETR TRENE PAHE AR AR IATEA
b ST ICATIH, @& ATRT T ATFITAT @eiebl AT IRFIRITT BT q=aT FHT © 92,53 Taerd (3%
T gia g9ex gfa au), 9.0 yfqerd (95.40 I qid g4aY Iid a9), 93% Ferd (F. 455000 yiq g4z

~

@fd ad) ¥ ¥¥ gfaerd (9.54) o FEr qTSUH fI3T | TERETT HiT G W@aesHT ITEUHl HIard!
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e (0. %3 iqerd) WeaT HETd BT TRET0T Teg@ AT HIEh! (=T . %0 iqerae aar (99.%¥9%)
TETHT FIaT | ool IRAGTST  Hebebl ST 6V R AAAT TTHT TR0 EEEHT qTUHT AT
foreaT (40,94 %) W=aT FAUNHER Wehehl ST ATHAR HLAAT TSN T TTIEEHT R 4% o el
AT AT (99.03%) TEUeRT foar | Sifae i ot fge o @) Heb-qERI-HA aTell SaaRdr Téva
(q.%9 fafafuer ufq famre) awar wo-TE-HT aTel soa=an qRiervmHT & iaerae afe (9.3 fafafaer gfa
fare) aroer foelt | e B sEea afeerer Steer oo fee @ (. fafafeer ufq
fAve) e TR H AEeaTT TeTTAT Y3 gfaerde aar (9.43 Afataer afq faee) Jrsuer for |
HIEMAT Afqeh ®TET TG & Hb- TE-HT ATl AGATIH GLIET0MET w37 (.3%) Heb-FEA-HT ATl
FARATIT G 9.4 IqTqe qer (4.35) TEUHT 07 | RERETT B qeqvesd T AEH S
FEAT FqGT &Y (1.j4) =T FRied v afeeorr 9.5 gfderaer s€r (%) argue | s,
AT B0 AT g, fqurae, ST 09 WS fg 2003 HHR FF FE(AT TRbl ATHATH]
Afeetrare qay afvemer fafad ad émer arfit 7e-TE-HT ATl rawn, ¥ F T saa R
TTFAR-S, &. 40% -GfTel qEN ITATE T HATRIH FEIFITETT IIATH STGUHT T, | LT (TS
AT TUHT TR TIYIHPBT TS ST SATNT Heb-HIRI-HIT ATeAT T, TR BT T S we
AAFHAR-GSRT -TITeAT TEl IcATahd T HATRIH AN ITIH <MGUH B | AT ATTATHR] AlTSITare
TRILTT T IRILTTHT HIETRT ST HTEH, HIGHT T fgd &% T WIETHT @ (e AT 3fausl qemr
QRFIRTTT BT TRIETUTHT HwaT Ioof UTSUbIel GIRANTHF! AT AT FUFEEeATs HIGTh! HifeTeh
TUTHT IR ATs ITIHAE derSd A& T Jiatd dIAe] Iq9 &7 |
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Performance and Stability Analysis of Elite Wheat Lines in
Irrigated, Drought, and Heat Stress Environments and Diversity
Assessment Using Stress Linked SSR Markers

Mukti Ram Poudel (PLB-04P-2015), PhD 2020
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Surya Kant Ghimire, PhD)

Wheat is a major cereal crop in Nepal, important for human nutrition, and plays a vital role in
food security. Climate adversities resulting in rising air temperatures and frequent droughts are
the emerging wheat production challenges in Nepal. The objective of the present study was to
identify high-yielding, drought and heat-adapted wheat lines and understand the variation of yield-
attributing characters thereof. The twenty elite wheat lines and check varieties were evaluated
under irrigated, heat stress, and drought conditions during the 2016-2017 and 2017-2018 wheat
seasons. The field experiments followed an alpha-lattice design, treatments replicated twice.
Genotypes were assessed for diversity and relatedness using drought and heat-stress-linked SSR
markers. The wheat genotypes varied significantly among them for all the studied characters
under irrigated, drought, and heat-stressed environments individually and in pooled analysis over
the environments, suggesting variation of these traits among them. The genotype x environment
interaction analysis with AMMI model revealed genotype responded differently to the stress
environments, and stability analyses with AMMI and GGE biplot methods identified genotypes
adapted to specific environments and stable across the three test environments. Heat and drought
stressed crop had earlier heading by 22 and 1% days, and earlier maturity by 14 and 4% days,
respectively, with reference to the irrigated optimum environment. There was a reduction of grain
yield by 46% due to heat stress and 57% due to drought stress. Heat stress had a higher effect on
days to heading, days to maturity, and 1000-grain weight; drought had a greater effect on yield,
plant height, and spike/m?. Drought and heat stress had a similar effect on the number of grains
per spike. Under irrigated optimum conditions, BL4708 had the highest mean yield (3731 kg/ha),
whereas NL1325 (3714 kg/ha) was the most stable genotype adapted to this environment. Under
heat stress, BL4699 was the highest yielder (2226 kg/ha), and NL 1326 (2173 kg/ha) was the most
stable genotype. Similarly, in drought condition NL1327 had the highest mean yield (2005 kg/ha),
and NL 1244 (1714 kg/ha) was the most stable genotype. NL1202 (2386 kg/ha) and NL1253 (2285
kg/ha) were the most stable genotypes across the three test environments over the years, at par
with the check varieties Bhrikuti (2426 kg/ha) and Gautam (2106 kg/ha). The genotypes adapted
to specific stress environments and stable across the environments mentioned above can be further
evaluated and promoted as candidate varieties. The drought and heat stress tolerance linked SSR
were polymorphic on the studied genotypes, and cluster analysis showed distinct groups with
some relevance to stress adaptation.
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T TATAHT HET GATTATA &7 | @I e/ ¥ TCehaTehl ATITHT Teells Heedqul AUl & | Jrad
AR AATATHT FRU Tl Iod qIHH I ARFR q@@l g Ta ICAETdhl ANl IaT3al qHeT
2| I [AFEHl AT Ie9T TR Iche TSAEeH I=d IUalhed, qeal T I=d T e d
HAIT T JATIAGT qeafedd Ve Idl ATS (937 | R0 FT TEHN It TTiesedls R09% /2098
7 3099/309c HT JhT ATtaa festrear e T fafaa, ara geaiTe 7 gear ardaraRe 4w
TR ATETH 94T | TEHT ISTiesH T Aqaiferes fafagdr oaqr aRmeael anl qear ¥ arg deqanra
TAUHAR HIHY TART TRUH 27 | I (AahedT SHeqas TRUHT TG99 TEehl TSTdesed! [UaeHT
fa=ms, Tear ¥ A GeARTd ATdrERITHT THRACHR ¥ FUh F9AT Aitacaqul faerar sfauer fo |
gfee ATATARITHT ATl ¥ ATATARITR] Heh (HeIdrars TFl AlSdare Aead TReH faar 97 faem
¥ feR ATarERee T q YA &9 STaeedl dieard ftssare st faar | arar gwre famewr fataa
FTATARITET AT T&T I=o AT T FEET AATATHT FHHAM I3% T 9% TS AT THUHT (937 A FHAT:
Q¥% T 9% IFTST ATAT UTebebl 3T | FIVRT faferd STaeareii qefr &l S ard fdehel aamar
¥%% ¥ GEET ATLATHT L 9% IcaTed FH (997 | I=o a1T FedTd arararorehl aral THrg &, are
qreF {6 T BWR STHT ATl ¥ J@@r aTdraRvTehl Icara, faearer =ms ¥ aren e gtd faeear fafaa
ATATERORAT AT TET oo FATT AGUHT FT | & g Ficqieeel ATarawerel T "ear e arefrar
U 9x Sfaue faar | fataa ardmERor faue-veos #1 Se G SAEA (393w gfd
gFX) ot w9 TATA-93R% (3%9Y H.S. 9T HY) I ATAraRyl (€ad qeirar  faEr | T geAnTe
gfded ATATERUHT fqUa-¥5%% &1 I=o IcdEd (RIR& .50, Uiq gaey) fOdr 99 I ATaraRorH
TATA-933% (193 .51, 9fq &aa®) gawwar fead goirelr fam | =R g araraiurET Taue-4339
P I=H I (R00Y & ST, Jid &) [aar 9+ ITh ATAERordT TATA-9R% % (199% & ST, Iid &)
qasTeaT feur geiTelr faa | THUE-qR0R (R35% . Ui &) T TAUA-RU3 (R35Y F.S 9fT FH)
FT TTT JRLTRT (Y% &9, I g9e?) ¥ AAH (90% F.571. Ui &%) T ATATaROEEHT I feaw
ToTTcirEs fT | Jif Jeer@ TRTHT Tdesarsg Afasrr o5k e qeqaq T faermerd 1= e fausr
T | gEaT ¥ a1 FEARTa HIhesd AT ARUHT Teehl TSies T AT qeaaaeradt a@r
WH 9T | T faereoT e el 9fded JEadTHT TANT g9 IS del FHT ST JanTeharn
sfguer faam |
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Genetic Variability on High Concentration of Grain Iron
(Fe) and Zinc (Zn) in Lentil (Lenc culianaris Medikus Subsp.
Culinaris) Accession in Terai Agro-Demains of Nepal

Rajendra Darai (PLB-03P-2015), PhD 2020
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Krishna Hari Dhakal, PhD)

Iron (Fe) and Zinc (Zn) are essential micronutrients for human health. Peoples especially women
and children, are directly affected by the micronutrient malnutrition called hidden hunger, which
is a serious problem in developing countries. Nepalese lentils are rich sources of Fe, Zn, as well
as protein, and straws are valuable animal feed, thus playing a great role in the nutritional well-
being of low-income people. Breeding for improved nutritional quality in lentil is a new research
thrust across the world. The objectives of this study were to determine the phenotypic and genetic
variability of pre-selected 25 high Fe and Zn concentration lentil accessions of diverse origin
and analyze genotype by environment (G x E) interaction for Fe, Zn, grain yield, and important
agronomic traits. Field experiments were carried out in a simple lattice design with three
replications and at three distinct locations for two consecutive lentil seasons of 2016 and 2017.
Fe and Zn concentrations were analyzed with Atomic Absorption Spectrophotometry, and 40 SSR
markers were used for genetic diversity analysis. Highly significant differences in genotypes,
environment, and G x E interaction were observed for yield, which indicated that there is a
possibility of selection for high yield and yield stability among the accessions. Lentil accessions
WBL-77, RL-79, and PL-4 were the best performers and well-adapted across the environments.
Analysis of variance indicated highly significant differences in genotypes, environment, and G
x E interaction were observed for grain Zn concentration. Similarly, for Fe concentration, the
genotypes and environment components were highly significant, but the G x E interaction was not
significant. Large variation was observed for grain Fe (82.53 to 133.49 ppm) and Zn concentration
(54.03 to 75.34 ppm). Both Fe and Zn concentrations were influenced by the environment. Grain
Fe was more sensitive to environmental effects compared to the grain Zn concentration. Significant
phenotypic variations among the accessions were observed for most of the studied traits. Molecular
characterization revealed that 23 SSR markers were found polymorphic producing a total of 584
alleles. Based on the alleles, five clusters were grouped. Among the clusters, I had four accessions
that mostly originated from Bangladesh, Nepal, and ICARDA. Cluster II contained the largest
number of accessions that originated from ICARDA and India. Cluster III was the second largest
group that contained six accessions representing from India, Nepal, and ICARDA origin. Cluster
IV contained three accessions belonging to the USA and Nepal. The Cluster V contained five
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accessions of ICARDA, Pakistan, and Indian origin. The identification of yield stable lentil
accessions and the information on genetic and phenotypic variability thereof will be helpful to
develop biofortified lentils varieties in Nepal.

AT @ @D AN AqTeeA, e &1 qeH Teaee AATaYdd Tagr | @Rl Aigdr qar ghal
AAATARTEE G&H GI0F Jcaale g HAN TEqdrs [afged | T TG | STae AR S
THHT AgHE [THEHE IMEFAT (A GHEATH! TTAT TEhl & | 7Tl AYIAT THET AEATHT &
Jeage  ATeed, S qar difed qrew g9 HHa Siqens @ T@d T 99 AIIes Sabt ATERIR
FIHT GANT T FfeheT TP qfed GREATHT T Hecaqul AN Wl B | FER AREFT JoFes
HEIT AR ATATEEHT Tl FTATH] HEAHATE Gifeaeh TUMHT FLTRHT AN ATTTHT Afets B |
A JeAeTars fFaTes, AT ATERIE HOT Sevd HALHT AMVFTT [F9T9dT T ATaravurel save sfa
TUEE ¥ Feafd qwafv urewer! Sitad fafaaar ¥ aonfa qor araraRred Sy TEwaE R HeaT T
21 | T TohTEehT AAT T TATAHT STUHT ST T TAHT oATHT fafT=T gTarq=rar Scafa et qeq I
YT AUHT Y T TSI Aehl A dRIeH a8 ST [ Arfed fesrear d e
qfeEToT, I AT ATATAROTR] A=Y T, FEIH! JATAT & TS, TSiTTeh! AT 9T ATaRAT STl
T FAB! ATIRHAT ANHT T, T T ATHRB! ATRAF ATAT AT AT TATAR] ATTATCETT
Frerd et it ¥ aEEueT fot | WEET AT 9rge ared, e ArArAr /vy faeerwor T Atomic
Absorption Spectrophotometer (Agilent 200) T dfteT ¥ 20 F¥afear Afaek fafqear sreaaserr =T
¥0 FIT THUAAR HFeeH! TAN TRUH bl T Ieares sarars A iR &l geifa qar
ATATARVIH] AR T HT TS, ATATER0 AT FATq q9T aTdqraueh] Ay qeaeadl qdqu faerar
AfGUE TTSH HGI TSTAT STk fafaeren @ T T yeei T g9 sdee WBL-77,
RL-79 ¥ PL-4 a9 aTe rardrie! | I99eh T Sle 4 Afb=s | AMMI Biplot #T faeesor wraf
FTATARURT AT 50,999, Tl AT 5.35% T TANd qIT ATATAROTH] AvdR qHwIdhl JTX 0.0
% IMGURT T | AR AT e ATeA, FF AEATHT AT Faeeir 77 goiiid, aTareRordT g9 doaes
FAYOT e OIS dR HHRT AT GTEA STSRA HIATHT TSI a7 aTaraRore] ey =l ard
f=Tar 9SS | ISITqee AT HERT I dTed STERA (5R.43-933. ¥R faftuH) ¥ E (Wv 03-9y 3%
faftraw) ATTAT FEAT faeTT et If@ET | g9 TeaEeHT ATATERIHT THE SRgar JArdr wERr T
e AR fHE TR ATAERT IR ASTA &4l SATET HAANTA @Al | R 9 T ATHRHT
=P TUEEed! weae Tl g fafaaar arguet @ | AvETEi Aea TE 33 TIUGHAR AThesd
GIfeAlh e TSl THH Fd U5 ¥ dAfdd Tl (9T T JHY TUard 9%, TaUTAR ¥, TAUIAR 4§,
THUHAR 93, TAUHAR 35 T TICHAR Q09 of F&T TeAAither I@ITHA SAfaeh v Teer fafaear
Ff@usr g ¥ A1 fafqadrare ardThRIhize HERE Aaee gl T "ed T g T HIATaREr 9|
TATelTe%epT diftad TREATHT TEdT T 3 |
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Impact Study of The Farmers' Managed Shardikhola
-Puranchaur Irrigation System in Kaski, Nepal

Kapil Khanal (AEC-01P-2016), PhD 2020
Department of Agricultural Economics and Agribusiness Management
(Chairperson of the Advisory Committee: Prof. Kalika Bahadur Adhikari, PhD)

Irrigation is an important strategic input for the farmers of Nepal. This study aims to study the
impact of the irrigation system on the socio-economic dimensions of water users, the technical
efficiency of production of three major crops, the water use efficiency of the irrigated agriculture,
and factors affecting the strength of access to and creating incentives for collective management
of the irrigation system. The study was conducted in the Shardikhola Puranchaur Irrigation Project
located in the Pokhara Metropolitan City (Ward Number 19) and Machhapuchre Rural Municipality
(Ward Number 2) of the Kaski district of Nepal. The data for the study were collected in 2019.
A sample size of 184 farmers was determined using Slovin’s formula and selected randomly, and
a similar number of farmers were selected randomly from the surrounding area without access
to the irrigation project, with and without comparison. Among the 184 respondent HHs from the
users of the irrigation system, 147 respondent HHs were in the locality before the development of
the irrigation system, and those farmers were used for before and after comparison. Econometric
models, such as stochastic frontier analysis, Logit, Tobit, and descriptive and inferential statistics,
were used to analyze the data. Results showed a significant rise in the living standard of water
users, as shown by the increase in the use of cemented houses, gas as fuel, private source of
drinking water, and ownership of consumer accessories by 46.94 percent, 82.31 percent, 74.15
percent, and 29.93 percent, respectively, as compared to before irrigation. After the development
of the irrigation project, there was a significant increase in farm income, farm employment,
agricultural activities, cropping intensity, and crop diversity by NPR. 3,98,462, 98.236 man-days,
67.35 percent, 0.534, and 816.998, respectively, as compared to before irrigation, leading to better
socio-economic transformation. Rice farmers under the irrigation project were operating at a
higher production frontier with lower technical efficiency of 54.8 percent, whereas rice farmers
without the irrigation project were operating at a lower production frontier with higher technical
efficiency of 92.3 percent. Maize farmers in areas with an irrigation project were operating at a
higher frontier with a higher average technical efficiency of 88.7 percent in comparison to 54.4
percent of maize farmers in areas without an irrigation project. Wheat was grown at a lower
technical efficiency of 39 percent, whereas farmers with an irrigation project were growing naked
barley at a higher frontier with a higher technical efficiency of 95.5 percent. In areas without an
irrigation project, labor was overutilized in the case of rice and wheat production, organic manure
was overutilized in the case of maize and wheat production, whereas seed was underutilized in
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the case of rice and maize production but overutilized in the case of wheat production. Similarly,
in areas with irrigation project labor was overutilized and seed was underutilized for rice, organic
manure was overutilized in the case of rice and wheat, and bullock labor was underutilized for
wheat. The presence of sound technical agricultural knowledge, a high level of trust among the
farmers, and the North-South gradient of the canal significantly increased the farmers’ strength of
access to the irrigation system by 14.9 percent, 11.6 percent, and 15.4 percent, respectively, and
the location of the household at the head of the canal decreased strength of access by 34.8 percent.
An increase in the age of the household head, increase in schooling years of the household head,
presence of penalty in monetary terms, a higher number of farmers in a branch of the irrigation
system positively motivated farmers for the collective management of the irrigation system by 0.6
percent, 2.6 percent, 24 percent and 22.3 percent, respectively whereas receiving of agricultural
training decreased the motivation by 30.4 percent. The study concluded that irrigation had a
significant positive impact on the living standard of the water users, with increased employment
and income from the farm. The study suggests that rice production should be further increased
in areas under the irrigation project by providing farmers with training on various aspects of
irrigated rice production, whereas maize and wheat farmers in the areas without the irrigation
project should be provided with proper technologies and knowledge to increase their production.
Further, the farmers should be made aware of the irrigated agricultural practices and negative
impacts of mismanagement of the irrigation system, and the rules and regulations of the irrigation
system should be implemented properly so that there is increased access to the irrigation system
and motivation for the management of the irrigation system.

fg=g TR (FATEES AT HEdAqu I0HIaE AR & | Y HFAAA [HAT STHRIEER
AT — AT ATATHAT [6=TE JuTeliesl 991d, 19 TH@ aTellhl IcAad SHdTH Tiialdd erdl,
fefara frer oy I Fear ¥ e el ufq wgEe s aeR T ¥ fHETE qomete
e AALATIAR! AT FICHTET TH FREFEEH AFAT T AT T@H G | AT AATA AATAD]
P! [STodATehl GIERT HETARANAH (ATS TFR %) T AISITwe TSR (AT TFR ) AT Aaread
T qRA=R fa=mg gorrelrar Tfeuer fat | et | STer 098, | Fehed AR o | 73|
HATTHT AT (5% FHUFEED THAT ATHR TATHFH] T TART TN (el TRUHT 9217 T Aehieds
T fafare = wiveer foar @ @fa 7 der feames avawe afatad fare sretered THaT
faferare @rte i, & T S qomTer it <A g faar | faerg gl i T 95 Y wudeeded
Q¥ FHuF fa=TE quITelrerT fahrer g Afoafa 5 @9 ATHEMT e, w4 ¥ 9 JeTHIeiT O 9%
fFaTTe®drs il MRUH! 997 | gpmAldE Aieaes QIR s Bigaw fqyemo e, dfae, ¥
JUATCHE T ATHAICHE TATHES STETh! (a0 T TART RS 927 | aRumTHeE (6= 9amT
A& STAAEIHT J@Ad 18 @D B A BT ldh BT, T &TH T, GIAITAIR (91
AT T a9 IUHRT AR T@fHEHT d@E YIRS SEIUH B T (FErs qEel qAdrEr HEeT
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¥%. ¥ giaerd, 5.3 Fiqerd, ©¥.9Y Fiaed ¥ 39,43 FIqUrad d¢hl @l B | g ArarsTrs
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QTL Mapping and Genomic Selection for Heat Tolerance
in Tropical Maize (Zea mays L.)

Mahendra Prasad Tripathi (PLB-01P-2013), PhD 2020
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Surya Kant Ghimire, PhD)

An increase in frequency and magnitude of global warming is one of the emerging abiotic threats,
which might cause considerable adverse effects on maize yield and food security in South Asia.
However, there is little information on QTLs influencing the expression of key secondary traits
associated with heat tolerance, and estimation of marker effects and GEBVs from different cycles
of genomic selection in tropical maize. Here we evaluated two populations (pop-1 and pop-2) of
double haploid (DH) maize inbred lines for QTL mapping at International Crop Research Institute
for Semi-Arid Tropics (ICRISAT), Hyderabad, and Orrisa University of Agriculture and Technology
(OUAT), Odisha, during the spring season of 2016. Similarly, four multi-parent synthetic (MPS)
test cross populations (pop-3, pop-4, pop-5, and pop-6) were evaluated for genomic selection
during the spring season of 2015 in natural heat and/or optimal conditions at different parts of India,
Nepal, Bangladesh, and Pakistan. Further intermating of a selected fraction of these populations
was made during the spring season of 2016, and a subset of the base population was assessed at
ICRISAT, Hyderabad, in the winter season of 2017. Genotype data were generated through two
platforms, LGC Genomics, UK, for the MPS population, and Genotype by Sequencing (GBS) on
an [llumina Infinium at the Institute for Genomic Diversity, Cornell University, Ithaca, NY, USA,
for the DH population. The analysis of variance revealed differences among the tested genotypes
in DH populations, where yield reduction was associated with the direct effect of heat stress. A
total of nine QTLs for grain yield, eight each for plant height, anthesis and silking days, six each
for ear height, anthesis-silking interval and SPAD, five for senescence, and three for internode
length, two for leaf firing, and one each for tassel blasting and ears per plant were identified in
two DH populations. An overlapping QTL hot spot was also identified on maize chr-9, chr-2,
and chr-5. A common QTL identified for leaf firing and tassel blasting on chr-9. Around 60%
of detected QTLs displayed positive additive effects contributed by the heat tolerance parent.
Interrelationships among a large number of complex traits were confirmed by pleotropic effect
of QTL for multiple traits under natural heat stress. Grain yield was genetically associated with
anthesis days, anthesis silking interval, plant height, internode length, senescence, SPAD index,
and ears per plant under natural heat stress. Likewise, analysis of variance for all four multi-
parent synthetic populations revealed genotypic differences for grain yield, days to anthesis, and
anthesis-silking interval under both natural heat stress and optimal conditions. Heritability was
variable among the traits, ranging from 0.0 to 0.77 for days to anthesis, 0.0 to 0.39 for anthesis-
silking interval, and 0.12 to 0.91 for grain yield in all four populations. For MPS, 18.88 and 2.18%
grain yield advantage, MPS,22.39 and 3.07% grain yield advantage of the selected fraction in heat
and optimal conditions, respectively. Similarly, MPS and MPS respectively, showed 46.96% and
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74.16% yield advantage in comparison with the base population in the first round of phenotypic
selection. MPS, ., ., MPS, . ,, MPS_ ., and MPS_ , correspondingly showed 6.29%, 2.99%,
16.61%, and 13.40% higher grain yield than the population means at 10% of selection in the

second round based on marker effects and genomic estimated breeding values.
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Food Security Governance and Right to Food: Understanding
State-People Relationship in Nepal

Yamuna Ghale (DES-01P-2015), PhD 2020
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Kailash Nath Pyakuryal, PhD)

Food security is not only becoming a major global, national, and local agenda over time but also
posing numerous questions and concerns about its governance. There are still gaps between the
holistic understanding of food security, right to food, food sovereignty, and their actual translation
into practices, even when different conceptual, legal, and policy frameworks have been developed
and debated over the years. This situation is even worse in the developing countries, especially
because of a poor understanding of food governance and a weak realization of the importance of
state-people relations. Food security encompasses the broad areas of a) availability, b) accessibility,
c) affordability, d) stability, and e) utilization, whereas the right to food deals with the fundamental
issues of a) respect, b) fulfilment, and c) protection; and finally, food sovereignty deals with local
autonomy and alternative options towards food security. Similarly, accountability and people’s
participation in food security policy and planning are fundamental elements of food governance.
However, these concepts are not getting enough attention in research, policy, and practice in
Nepal. In this context, this study aims to address some of these concerns and better understand
the importance of ‘holistic food security governance’ in the spirit of the Constitution of Nepal,
2015. The general objective of the study is to analyze the state of food security governance with
specific reference to Food Security (FS), Right to Food (RtF), and Food Sovereignty in Nepal.
The specific research objectives are to a) assess the ‘state of the art’ of food security in Nepal; b)
examine the major regulatory provisions and policies, and strategies related to Food Security, the
Right to Food, and Food Sovereignty in Nepal; and c¢) analyze the 'food security governance' with
specific reference to accountability and participation. The main research methods used to collect
data for this study were Focused Group Discussion (FGDs), Content Analysis, Key Informant
Interview (KII), and Direct Observation in the field. The literature review was an important part
of the study. Further, the Agriculture Development Strategy (ADS) was the candidate for the
‘case-based analysis’ that enhanced in the better understanding of the governance dynamics. The
triangulation was used for validation of the findings. This study applied analytical concepts from
different theories. While analyzing the findings, indicative logic within the qualitative approach
was used. This study was conducted from January 2016 to June 2017. The major findings are
presented in line with the research objectives. Regarding the objective of assessment of the ‘state
of the art’ of food security in Nepal, the general production situation of major cereals, horticultural
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crops, and animal products was improving. The overall food insecurity situation in terms of
availability, accessibility, affordability, stability, and utilization had also improved over time in
Nepal. However, the situation of improved food security was not able to fully address the socio-
cultural dimensions (food according to cultural preferences) of production and consumption of
food. Similarly, regarding the assessment of major regulatory provisions and policies & strategies
related to Food Security, the Right to Food and Food Sovereignty in Nepal, the study showed
that remarkable achievements have been made in constitutional and legal provisions [e.g., the
Constitution (2015), the Right to Food and Food Sovereignty Act (2075 B.S.) was far ahead of
policies. Policy aspects are comparatively weak, especially in internalizing the responsibility of
concerned stakeholders, leaving the improvement of food security as the sole responsibility of
the Ministry of Agriculture and Livestock Development. Though the ADS was a comprehensive
strategy of agricultural development, its translation into action became challenging mainly
because of a change in the context, as it was developed before the federalization of the country,
and there existed a lack of cooperation among the key stakeholders. Coordination, collaboration,
and concerted actions were weak to translate constitutional and regulatory provisions, policy
frameworks into practices in both horizontal (among the ministries, among the departments,
etc.) and vertical (all 3 tiers of government) levels, without which achieving the constitutional
objective was extremely difficult. In the objective of the analysis of 'food security governance',
the study had focused specifically on the situation of accountability and people’s participation.
In terms of accountability, four important elements (transparency, answerability or justification,
compliance, and enforcement or sanction) were examined. Even though some progress had been
made in these four provisions, there is still a need for major efforts from the government and all
concerned stakeholders to ensure a transparent process, for key actors to be more answerable for
their activities and fulfilled compliance, and for the state to be more stringent in enforcing the
legal provisions related to food system management. The ADS formulation process was taken
for an in-depth case study to examine people’s participation, especially focusing on a) gender
dimension of participation, b) geographical representation, and c) thematic representation. The
situation of participation in the ADS formulation process was satisfactory. However, the entire
process was started at the time of the unitary system, and once the ADS was finalized, the political
context drastically changed due to the federalization of the country. Hence, its translation into
action became challenging. In conclusion, all five components of food security, in general, and
availability and affordability, in particular, have increased and developed over time in Nepal.
Legal provisions related to Food Security, the Right to Food, and Food Sovereignty are becoming
far stronger due to constitutional provisions and the Right to Food and Food Sovereignty Act
2075 BS. However, the situation of policy provisions remains weak mainly because of a) lack of
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proper understanding of the holistic nature of the food system, b) policies are not properly guided
by specific theories, ¢) inadequate levels of coordination, cooperation, and collaboration, and d)
progressions not in the spirit of the federal Constitution. In a nutshell, progress in realizing food
security, the right to food, and food sovereignty in Nepal is headed in the right direction, but there
is still a long way to go.
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Evaluation of Different Phenogenetic Groups of Chicken Aiming
at Developing Dual Purpose Sakini Crossbred in Nepal

Saroj Sapkota (ANB-01P-2017), PhD 2020
Department of Animal Breeding and Biotechnology
(Chairperson of the Advisory Committee: Prof. Manaraj Kolakshyapati, PhD)

Indigenous chickens are popular in the Family Poultry Production System (FPPS) in Nepal;
however, they are least prioritised, as expected mainly because of their low productive performance.
This study began in 2014 with the collection of indigenous Sakini chickens, representing three
agro-ecological zones (AEZs) of Central Nepal, and continued until 2018. The study was carried
out mainly aiming at improving the livelihood system of rural farmers through enhancing the
productivity of backyard chicken by developing dual-purpose Sakini crossbred chickens suitable
for the Nepalese context. For this, evaluation of indigenous Sakini and trans-boundary dual-purpose
breeds and their filial generations (F1 & F2) was carried out in terms of growth, production,
and egg biometric traits, along with genetic parameter estimation and genetic diversity study.
Dual-purpose breeds such as New Hampshire, Black Australorp, and Giriraja were collected
from government research farms for the production and evaluation of crossbred populations.
Base population (G0) was developed for each pure breed, and evaluation was done to select best
performing individuals for crossing. Data were analysed employing C.R. Henderson’s Fixed
Effect and Random Effect (Sire model) Models using Mixed Model Least Squares and Maximum
Likelihood Computer Program PC-2 developed by W.R. Harvey. Generations, genotypes, AEZs,
and sex were the important sources of variation with respect to body weight, morphometric
traits, egg biometric traits, and production traits. Variation in 24 different morphometric traits
in relation to the sex of Indigenous Sakini chicken was analysed, and found that traits were
significant (p<0.05). Sakini lines from different AEZs had a significant effect (p<0.001) on the
body weight (BW) from 12 weeks up to 24 weeks of age. Males were heavier (p<0.001) than
females in all age groups. Selective breeding on the base population (G0) was used to produce
first (G1), second (G2), and third (G3) generations of Sakini chickens. Generations (GO to G3)
and sexes had a significant (p<0.001) effect on body weight from hatching to 24 weeks. Likewise,
there was significant (p<0.05) improvement in egg production (per hen per year); age at first
lay (days), body weight at sexual maturity, egg number, and egg weight at 90 days of laying in
progressive generations. Fertility, hatchability, and survivability significantly (p<0.05) improved
in the consequently selected generations compared to those of the base population. External and
internal egg biometric traits were also significantly influenced by AEZs for different lines of Sakini
Chicken. The results showed that the Sakini from the high hills can be selected with consideration
for improving genetic potential. Generations and sex also influenced the body weights of chickens
at all stages of growth. Results indicated that crossing of Sakini with other purebreds improves
overall egg biometric traits in both filial generations; however, it is at par with results from
selective breeding of Sakini. Likewise, positive and significant correlations (r=0.44-0.92**) were
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found between egg weight and other egg biometric traits. Besides, hen housed egg production and
hen day egg production percent were increased and reached a peak at 57 and 93 percent on 58 and
59 weeks, respectively. Higher heritability (h?) values for the three-way crosses suggested that
improvement in body weight can be achieved in the three-way crosses faster than the purebred and
two-way cross chicken population whereas strong positive genetic and phenotypic correlation of
egg weight and other egg biometric traits reflected that these traits seemed to have common genes
and thus egg weight as a selection criterion to improve both egg weight and other egg biometric
traits. Molecular characterization in indigenous Sakini chicken indicated that Red Jungle Fowl
(RJF) from the Indian subcontinent could be the progenitor of the Nepalese Sakini chicken, and
Sakini were more genetically close to Gallus gallus gallus in comparison to Gallus gallus bankiva
(South East Asia). Thus, the results of the present study will serve as the scientific basis for the
development of rational policies supporting conservation efforts and provide directions for future
research for developing sustainable genetic improvement approaches.
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Performance of Late Season Cauliflower Varieties with
Nitrogen and Pesticide Management in Nepal

Hom Nath Giri (HRT-02P-2015), PhD 2021
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Moha Dutta Sharma, PhD)

Cauliflower (Brassica oleracea var. botrytis L.) is a popular winter season vegetable crop grown
throughout the country. Low yield, early bolting, and production of poor-quality curds were the
main problems faced by the farmers in the inner Terai and mid-hill region of Nepal due to the
increase in temperature during the late winter season. In order to identify the appropriate varieties
of cauliflower during the late winter season, along with the management of nitrogen and safer
insecticides, three different experiments were conducted. To identify the suitable short-duration
cauliflower varieties along with their growth, yield, and postharvest quality, an experiment was
conducted in Rampur, Chitwan (256 masl) to represent the inner Terai and in Puranchaur, Kaski
(900 masl) to represent mid hill condition of Nepal from November 2016 to March 2018 for two
consecutive years. The introduced late-season varieties, viz. Freedom, Titan, Ravella, Amazing,
Artica, Bishop, Casper, Indam 9803, NS 106, Snow Mystique, and Snowball 16 were arranged in
an RCBD with four replications in both locations. In the study, Titan, Bishop, NS 106, and Snow
Mystique showed comparatively higher growth in both locations. NS 106 and Freedom found
an early mature variety (78 days) for final curd maturity in Rampur, while NS 106, Bishop, and
Amazing performed as a short-duration variety (88 days) for final curd maturity in Puranchaur.
In Rampur, significantly higher curd yield was produced by Bishop (53.5 mt/ha) and NS 106
(52.5 mt/ha) than other varieties. Similarly, Bishop (50 mt/ha) and NS 106 (47.5 mt/ha) also
produced significantly higher curd yield than other varieties in Puranchaur. Snowball 16 recorded
the highest TSS value of 5.7° Brix in Rampur and 5.5° Brix in Puranchaur. Similarly, the lowest
physiological loss in weight was recorded in Snowball 16 in both locations. Significantly, better
taste of cauliflower curd was found in Snowball 16, followed by Amazing in both locations. The
shelf-life of cauliflower was significantly longer in Artica than in other varieties in both locations.
Similarly, the highest gross return, net return, and benefit cost ratio was found in Bishop, followed
by NS 106 among the varieties in both locations. In this study, Bishop and NS 106 found the
best varieties in both locations based on the matrix ranking from different traits of the varieties
and economic analysis of cauliffower production, while Amazing was superior to Snowball 16
between the two OP varieties. As these are newly introduced varieties in Nepal, proper nutrient
management practices for these varieties were also lacking. In order to address these problems, a
separate four-times-replicated field experiment was conducted in a split-plot design in Rampur,
Chitwan, to determine the appropriate dose of nitrogen and the combined effect of urea and poultry
manure on the growth and yield of the cauliflower. The study was carried out in nine treatment
combinations from two different factors on the best-performing variety, Bishop, from November
2017 to March 2019 for two successive years. The first factor's three treatments were 260 kg N/
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ha, 200 kg N/ha, and 140 kg N/ha, while the second factor's three treatments were 100 % N from
urea; 50% N from urea and 50% N from poultry manure, and 100% N from poultry manure. The
study suggested that plant growth was significantly higher in 200 kg N/ha and 260 kg N/ha at 55
DAT and final harvest. At all growth stages, these growth parameters were significantly higher
in the combination of 50% N from urea and 50% N from poultry manure. Significantly, higher
curd diameter, biological yield, and curd yield were produced by 200 kg Nzha and 260 kg N/ha.
Significantly higher curd height (13.2 cm), curd diameter (20.1 cm), and curd yield (44.1 mt/ha)
were recorded in 50% N from urea and 50% N from poultry manure than in other treatments.
Similarly, higher curd yield (49.4 mt/ha) was produced by the interactions of 200 kg N/ha or 260
kg Nzha with 50% N from urea and 50% N from poultry. Significantly higher residual soil nitrogen
and nitrogen uptake were found in 260 kg N/ha. Similarly, higher residual soil nitrogen was found
in 100% N from poultry manure, while higher nitrogen uptake was found in 50% N from urea and
50% N from poultry manure than in other treatments. The highest net return and benefit cost ratio
was found in 200 kg N/ha; 50% N from urea and 50% N from poultry manure; and a combination
of these two factors. In this study, 200 kg N/ha with a combination of 50% N from organic and
50% N from inorganic fertilizer achieved higher nitrogen uptake by the crop as a result of better
growth and higher yield of cauliflower than the sole use of either organic or inorganic fertilizer. In
the late winter season, cabbage butterfly (Pieris brassicae nepalensis) is an important pest in late
maturity varieties of cauliflower in Nepal. To identify the safer pesticides for effective control of
cabbage butterfly, a field experiment was conducted in a RCBD with four replications. Altogether,
six safer insecticides namely, Mahashakti (Bz. based), Neemix (Azadirachtin based), Spinosad
(bacteria based), Liquid manure (mixture of succulent plants, cow urine, fresh cow dung and
ash), Cypermethrin (Superkiller-10), and control were used as treatments in late season variety of
cauliflower, Snow Mystique in Rampur, Chitwan from November 2017 to March 2018. The study
suggested that the highest number of larvae population of cabbage butterfly along with damaged
plants, leaves, curds, and holes were recorded in the control plot, while the lowest larvae population
of cabbage butterfly and damages were recorded in the Cypermethrin and Spinosad treated plots.
Similarly, the lowest aphid population was counted in Cypermethrin and Liquid manure-treated
plots. Significantly, the highest curd yield (42.3 mt/ha) was produced by Cypermethrin, followed
by Spinosad-treated plots. A biological pesticide named Spinosad was superior for the effective
control of cabbage butterfly in cauliflower, which is important to develop an IPM protocol for
crucifers. Finally, it has been concluded that Bishop and NS 106 were the best-performing
cauliflower varieties for the late winter season. Similarly, 200 kg N/ha with 50% N from urea
and 50% N from poultry manure was found appropriate combination to uptake higher nitrogen
for better growth and higher yield of cauliflower. Biological pesticide like Spinosad was able to
control the cabbage butterfly in caulifiower, which would be an alternative to Cypermethrin.
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FISAT TSI HIGHAT g7 Hecaqu Uk JEHNT aATell &, STl ATerHl JuHey 5 AN Weiewg | Hed
ATIHHET FRU FTSEHAT (Gl dlfeat] g ¥ TR I3 IATET gaare 5 A | fegaerr awasn
U TEl SCATEHT TUHT FTIEATHT (AT SATqes e TeHT A1 qrgarer T feranrerss faurdy
SFRATIAHT SATNT F¥eh ek AT g2 AATTEE AT | HTSeiTel GIal AATTHT 8¢ IATE T IR
TSl JCATETHT dlg TIT U U qfe=r 9 AR 09§ 3@ A= 095 ¥F 35
FERT ATNT 94 FAT FISWATHT AT ATAE® TRSH, aTaTH, AT, THINAT, ATfderT, faema, wmR, gvery
%503, T T 0%, T fHftcd T Fiaed 9% T THR Fodawdr Taededl aergars yfdtitae 78 ¥
RAER, FHET T GeTSdTs HAHidcd e ARTATSTHT FRAaT SAFHT 6T AL TITHT
fordt | g TATHT RUST AHEATHT qAATCHE fe@Tae agar, faerd, u ug qos ¥ w1 fAfedHr
fawareh! qig [T d70 ATTeedhl TATTH a6l TRl | AHREH AT TF TH 0%, a9 ¥ R
IFTE® 95 [T afedda WUFT I 99 WASRET AT T TH q0%, {4977 ¥ SHITATH q3e% oo
ferar afvgaa TUr arEdr | THGET AT fTTIRT IATET A HAwRT TN AATT U3 Hidh T/ EHI
(H.2./%.) T UF UH 0% HT YR W.T /& TUH T | T, 7T SATAEEh! JoTTHT TRA=HT qiT
faeTq (Lo T /%) T UA TH Q0% (YO U T /F) T qI AR T¢I IATEH (4T | T TATHEEHT AT
T T 9% /T o g1 i & U9 U9, @, dawer qaqRar ¥ fedlt o 7 aresar kg
feait foorr argar | 39 THewHT, IS, T fAde, TEe 9% ¥ faeraen faarfes A @ Aem a7
qTEAT | T TATHEHT, FTIell JF7 (fqaehaieg Trea 98 A7 T 9waT ¥ qd g1d qTHI G |
T TAEEHT Tad 1% qfeg THNSHT FISATHT A7 FTAeeH! JeAATHT AT T8 AT qrear | «ATHT
HUSRY &HqT T arell 31 Aezed [ae9dr dw= Saesel JAATHT ATidebT SATTHT Jeed@nrd &9HT
TEHT IIEAT | T T I TWTFEEHT G AAes WA {977 T TF TH Q0% AAeehl g AT T ATFT]
AN AT T TvaT dfg AUST GIEAT | TH ALIATHT, 9 LAFeeHT W ATSfhg T s
fareeiooTepT ATaTeHT faeTd ¥ UF U q0% WIawe 7 @ AT SOH TUHN GTSAT AT AT ATTEEH qAAT
el TEd 9% AwaT FAANAT 5 T THT TUHT qEAT | TIAT A7 q@? FAETHT Fr3eiied Aaese
HUHT FRI (bl G0 SIRITIAHT I THLT AUHT 3@ | TqF YT 91 J&T TR qAT5e e
AR FHLT FHTAE TH HET FeITAHT AT HIIATH AU ATAeeH 1§ T ICAGTHT AT
T FEITH AAB] FIH TAE &1 AR 3090 IRg ATE R09% HF g8 AUST ATRT IHIY FEAaaeH
TefTa-wra fesIgeAT Argdrorar 3fad A fAuier T g W 9@ IR AR TE@ERT s v |
7et fafaeT Her T WeTaF Wiege T Al (HaHET AT ©WidgT FAH TRUHT AT | ATgITATRT
fafae=r |maT 7 g%l fafa Sidewdrs SR AT ATSarSd! faeqd deqd" TRuH faar | Jfear qer
AT weesHT, %0 &SI, ATgeS /8., 00 &S, ATgareq/8. ¥ 9%¥0 &SI, Argarad /2. faar 9=
T A e WaeeHl dledl giATere 100 Jiqerd ATgered, 8l gRATare Lo giaerd Argaret_
T FHEIHI HAATE YO A ATGeS T &l FGIAH HAGE 00 FIqeTd Argared (937 | qead=el
TQITRT GROTH ATER, FTIATD! 1 [FHTeTHT M@ FHT 00 H.S. q9T %0 %1, ATZEISA /3. A
afe garasRT IfEAT | T TR FISAHT qTg [FHMH TRUEE q7 TANEE Tra] HEH TAAE YO
gfeerd Argdree ¥ AfeEmEre Yo Iiaerd ATgdreTd afe TETEhedr S@reT ahd AT | T ard,
300 & S, ATEESA /8. TIT R0 &SI, AT /8. TART HUH WEHH qAAIcHS FTHT afE HIATHT
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FIIATHT IFTHT AT, A IATET ¥ IR ICAGH (ohS TRUHT 2T | 7% i Fgfearare yo gfaerd
ATEEISA T HEIH AAATE YO TTAAT ATSEISAAH! (AT TRUHT @idqaTe HEqaqo ®THT IFTH 3915
(93.% F=THEY), TFTHN BeATGE (0.9 F=EITHER), T 3T IATET (¥¥ 4 H.E./8.) The TRTHT faT |
H=THT, RGO % ST, ATSAIST /8. TUT 00 &, 51, ATZEISA /. T IRATATE L0 HAT AT T FH@H
AASTE YO Aed ATSeSTdl AT qAAICHE THH] FISAR] TR IAEA (¥R.¥ HT /T
SATEA G TUHT AT | TET TR, 00 & ST AL /7. T IRATATE L0 IqeTed AT T FHERTH
HAATE %O YA AT eTedl TAT A T3 RATHIETH FATSTAA I T =T T GF ATRT T
TR AR ATATT I T AR BT | 4O TIAeTd ATgars YTFiie 7l T %0 Jiqerd Argrst
AYTETE HAART (HHHT ATIAT T HaX 00 [FAUTH ATIEST BTe’l HIIell IATETHl ATNT aTel
JATFFIT SRGAT | AITETHT FwaThl Tacl FRT FETE], FTIEAN T A I FRITHET ATeileedrs qa T+
T HEdTUT HRT T | HIEATNF [UTEre! FART TATART ATAT TIT ST ol @Il T FATHT AT 8ol
PR FITITIART ATHGT s 87 | PR gaearadet A aaraes (98 g w@re, Stqe fafaea
T ATATARIRAT SSUHT G | TSRHAT ITA bie HISATE [quTale® ararayel ¥ q1dd WEd AT
& ETHIPRE T T Hie T TH{TH G | ATHFER 3099 @ A 095 TEH TEF GUHT AT TG
SATAHT FISAT TAT FHEETFAT AT FeITwaT T FRT TwaTHl TAATRT THEAHNT (Hae=aurer aifir griere
FreATeTF faurdles qfe=r THHr A AR qed R Y ARMEESHT 787 Hererfth (s iamr
amentea), fafeem (e emanfea), foammTe (@mRRamET i), $ia g9 (Fidaar ae fqeames,
A, H= A6 T GRAANH (HH), FRUHTIT (FURiFay 0) ¥ =7 T ¥ Fa1 A dHredrers
faurdie® YT R AHGR, FrdaTHT Hae RS (927 | ATl GHRTd T ATER awalehl Tl
AT TAGCITATS FTICATH] LTI dA12es, &fqued U T Helg® Hrald WAl di¢ FEATH Ihe
AUHT TISAT A FAT FH AT FIH@r ¥ afqes Aty 7 FqEre SU=R qUHl ©eesHl
Y TAT | & FAT=T HH RSl TAGET AETHAT T hid A JUAR TUH gl qrgar |
UL, FeA@HT ETHT BTITAR] ITAAH Bl FeqTe (¥3.3 H.E. /8.) AIUTHIITHT TANT MU WIEHT
T gHIfEH T IATEA HAAETE IU=R TRUBT @Al Sf@al | A=A, (i~ GeIhaeHT AT
U H=II&T HIIATH] IAH ST (6979 ¥ TAUH Q0% fIu T =reafs AT wdl faws | afarare
Yo e ATZarS T FERIH AAGTE L0 JIAd ATSEISAH A Tid g9 R00 &S ATSalsTadh!
HIATS FTIEH] THT Fig (b ¥ Ieaadsl AT Sk afaws; | a1d, fas Freamers fommare
FTIAl FCATGTHT A7RTh TAATH] THATARRI TS AT IAH (94T, T[T FISAl ST ATATGEHT HIRT
SAATATIAHT AT ATEUTH G (g T Heedql g |
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Maize Insect Diversity with Climatic Altitudinal Variabilities and
Eco-friendly Management of Maize, Stem Borers in Nepal
Ghana Shyam Bhandari (ENT-01P-2015), PhD 2021

Department of Entomology
(Chairperson of the Advisory Committee: Prof. Resham Bahadur Thapa, PhD)

Survey and field experiments were carried out to understand farmers’ perception of pest incidence
in relation to climate and evaluate different treatments for the management of maize stem borers.
A household survey with randomly selected 148 respondents and a crop-based survey at 60
farmers’ maize fields were carried out in three districts at different altitudes- inner terai (Chitwan),
mid (Kaski), and high (Mustang) hills, focusing on maize growing areas and including newly
constructed black light traps (BLT) for the monitoring of insects in 2017 and 2018. Studies on the
effect of different sowing dates and genotypes of maize on the infestation of maize stem borers
were carried out at Rampur, Chitwan, Nepal, in 2016/17 and 2017/18. Two maize genotypes (OPV:
SO3TLY-FM and hybrid: RML-95/RML-96) were sown at every 10-day interval throughout the
year in a randomized complete block (RCB) design with a factorial combination of treatments,
each replicated three times. For the management of maize stem borers, seven treatments: 1)
Trichogramma chilonis @100,000 eggs/ha, ii) nimbicidine 0.03% @ 3.0 mlzliter, iii) spinosad
45% SC @ 0.5 ml/liter, iv), Bacillus thurengiensis 108 cfu/ml @ 2 ml/liter, v) chlorpyrifos 20%
EC @ 2 ml/liter of water, vi) maize-cowpea intercropping (1:1 ratio), and vii) (maize without
treatment) were tested in Rampur composite (OPV) in RCB design with four replication under field
conditions during spring season at Rampur, Chitwan for two consecutive years, 2017 and 2018. In
the household survey, most of the respondent farmers (69%) experienced increased temperature,
whereas about one-third (36%) also experienced erratic rainfall patterns. Analysis of the 38 years
(1980-2018) weather data recorded in the study areas revealed that an increment of temperature
was 0.02-0.07°C per year and precipitation increment by 24.6 mm per year, and these facts match
well with the perception of respondent farmers. About three-fifths of the respondent farmers felt
that the emergence of insect pests in the last decade, and they related this fact as the result of
climate change, resulting in decreased maize production over the years. Nearly half of the farmers
(44%) responded that stem borers were the most prevalent pest in all ecological domains, causing
significant damage to maize and a 14-43 percent reduction in yield. Similarly, in a crop-based
survey, the study found that two borers, Chilo partellus (Swinhoe) and Sesamia inferens (Walker),
were the major problems in all study areas. The highest foliage damage due to borers was observed
in the lower elevation (20.2%) followed by the mid hill (7.9%) and the high hill (3.0%). This study
also clearly indicated that infestation by stem borers was higher with higher temperatures. Insect
monitoring through light trap showed that adults of white grubs had the highest abundance (600)
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followed by stem borers (268), red ants (238), and armyworms (212/year) across the study area.
The highest trapped insects were recorded in the month of May (392), followed by April (297) and
March (228), respectively, in a combined analysis where the mean temperatures ranged 18-25°C.
This study clearly indicated that C. partellus is mostly active in the summer season (February
to July) and S. inferens is generally active in the winter season (September to November) in all
ecological regions. Different planting dates of maize showed that borer incidence varied with
planting dates and genotypes. The crop planted from January to February reached the knee height
stage, when the mean temperature ranged 20-25°C during February to March, which was more
favorable for the growth and development of borers. We concluded that farmers can benefit by
planting maize during September and November for the winter season, the second week of March
to the first week of April for the spring season, and the first week of June to the second week
of June for the summer season to acquire a higher grain yield due to lower maize stem borer
damage under Chitwan conditions. Total fifty-four insect pests belonging to eight insect orders
and forty-two natural enemies were identified in the maize field. All the treatments significantly
reduced leaf and stem injuries and increased grain yield over the untreated check (p<0.05) in the
management experiment. The plot showed the significant result with the highest grain yield (4.66
mtzha) followed by chlorpyrifos (4.59 mt/ha) and cowpea + maize intercropping (4.23 mt/ha) as
compared to the untreated control (2.91 mt/ha). Cowpea + maize intercropping and release of
Trichogramma chilonis were very effective for natural enemies’ protection because the highest
mean rove beetle, spider and coccinellid populations (8.3, 5.9 and 4.9/10 plants) were recorded
in cowpea + maize intercropping followed by T chilonis treated plot (7.2, 2.8 and 3.3/10 plants),
respectively as compared to chemical insecticides (0.5, 0.8 and 0.7/10 plants). Similarly, the
highest benefit-cost ratio (1.85 and 1.47) was found in cowpea + maize intercropping and the 7
chilonis released plot. In conclusion, augmented release of 7. chilonis at the appropriate time and
maize + cowpea intercropping are better management options for maize stem borers. If a spray of
chemical insecticides is needed, spinosad 45% SC @ 0.5 ml/liter of water is recommended.

FAAT UATTPT BV T Hebebl ITATGT T bIXTehT [ATATTHOTHT YT AT FUFETH! AT
JAT A AAT TH T Heb ST SAbT AN Iog ATAR ARISHT fordae, HeAl TeTSHT FIehl
T 3=9 UETSHT WEATE T SIFT ¥5 ST Heb oIS FUFET ¥ SO AT HUHesh Wk [hoghl
ALV AR AY FAAH qfeedl q2ah fobra TRUT F ATge AP ITHERT PREEH AATHA
T 098 ¥ 095 AT TRUHT foaT | TS HT T AR Fihe HbATATHT TARIBRIS I &fd
FAHT AT TR, FaqaTar a9 2098 /98 T 3098/95 AT RSN T AT g8 AT AHEw
(AT JFAT-THATCTAATE-THTH T FOTERT- AR TH. UA QY /AR TH.UA &%) AT 90 faeapl sreazraran
AT TRUeRT 97 | TR A9 R099/3095 ATART FE HIGHAT AR FHFAL ATAHT Heb
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ftad FebaTell AT FARTRF! AT hegHT oS, TARIPRIER HALATITEH AN ot
FATATAROTEAT fadies: q) ITFHMETHAT ATEATHl AUST 900,000 G gz, ) =TT 0.003% *7 3
fafafeaer afq fae, 3) TWEMETE ¥4% TH.TA.F oY fAfafaer afq faez, ¥) =nfaad qeeiiara
joc M.UR I R MHialaer 9iq fqex, K1) FRIEART 0% .41 &1 R fAfdider gfd faey qrre
T, ) Hb-+ETSIhT A=ATarell (19) T 9) [T ST=RE! TART TR 2T | I THeves ASHEss
FAfTE sob fSATSTHT IRYTE T AR, Q%[GR FFHAT, 3 ITHATH IUAR ARUHRT {937 |
FAETT TRUHT &THT FF <2 GANT FTHA ATTHA d¢hl Hedqd T A7 3% Gfqerae a1 97 61
HTATITTAT LT FRT SATh X | T TITET &FHT 35 T (T 4250-095) HT ETEATATHIH] TATHATS
faecior TaT = qTIHRA i a9 0.0%-0. 090 =T T AGT qUMT Fiqay ¥ & fafafwar aay
TMTET qTSAT, A7 FIhA TATCHT TATRIT FRE BT AA G5 | TATT Hid Y Fqerd BThe
STeaTd IRAAHHT FROT HFAT HRT TGHHT ATIATY TT-TAT TANTHT FRIEE THT SMGTHT AT |
FRE ¥ GITITT FTFEE TART BT HBGATRT AT TS BTTHRE TTHT T Heb FATETAT (14 -¥3%)
2T SATI Thl adU | ST AT &7 qaequel] AaATare "ol Heb oNTg— de & 2
fepfareepT AR PRTEE STRHAT Hebebl b AR (Ferel qrderd) T TATar TART (FRATHAT Thewd) FelsTeaT
TEN BTFbRep HURT UTSAT | &7 SYAT HLAIA &[T TARIPT &fq FersTeal F¢ awrg &7 (0.3%),
T TETSHT (9.8%) T 3= TeTSHT (3.0%) HHT: UTLAT | AT ALAHT AqT AAR qATTHT TG STar
TART FRTET TehTT T TG TTHT ITGAT | AT ek TaRT THT HIGEAT T AT TEGRT TS HHAT
TET AERT TEHT AFAT | AT FAATA T FTHT TART FRIETATS AT TEGGIQT ATATERIT Aohel
Z Ul afd adr T qTAT | SATE ATIE Afhel UTETHT AT SETH =T ael £00 FaT
GUHRTF AISET T TATE FHAM: (TH+I[ATAl) TARIEBT ATSET (I55), AT HAATHI AISe (:35), T
ISIERTET ATSEE (R43) T2T TFT TLehl UTAT | IR HITGE ATATHT FaTwaT Tel 323 F9m@ Y4
3G STe3 QU TEHAT, TS T QU 3G TG Y TEHAT (39) T BRI QU 3@ =T 9% TEAT (35)
FaT FRIET ITh el TTETHT YT fIU | < Fafrdr drad dTah| q5-340 T=1iIS el fa | 7eb
TG THIF! AFTAT TART FRIEEHT G AR ATI=ATTHT q9wT, aF ¥ 697 ThAT TARTHIRTH
&fq b T HT ATeT FAT | TUHETIH] AfqlTel forda T faaamal Sl dragdl JUHE SSeoHl faea
T W&l QU 3RE AT QU FEH T FMiAE QY 3G AET QY G, 99T A RIS Afead qrar st
AT ST BT T T A Heb S QY Sfg G qTEel ERATHEH ATSUHTAT AR BRIl &id &H
T Hebehl AT el HUHT UTSAT | AR TH ATTAATE Y T BTAbIRE HRTEE T ¥R FLIeHT
HTEETTH HREE b derdl fafae wRugedr afgar i | TR #RTb! SAa€arq= qLreorar
FHTALT FH AR FaT ITAR [FdE% Jeot@d AEATHT TAEHRT 9130 | 9T J97 SISAT TAUH afddrs &af
FeTwaT B &Nd FARIEAIRT 0% .47 3 fafafaer gfq faex arirer e gat argar | a9 fader
AT %.%9% &fd T STSHT 9.5%% A &fd bl Al | FAII] T TFEMEIE ¥U% THEL 0%
frfaferes 9fq ferex aTAT ¥ THMHET TERI SRTET ATSTHN TRISTAT a1l (STFHUTHT [FalTd) 400,000
HUST UIq TFIHT XA 3 Tah TANT & TART BRI TATAH (AT TUH qSAT | JcATEAH
feareael HarvaweT TdT IATET ¥ S5 T/ E9Y WHETE ¥4 % TH.AT of IUER THMET qIeal | cqqqey
FARITGRE 0% A IJTAR TP ¥ 4R TH/FHT, T HP+ATSIHN FwazdTell (19 H1 AIH)
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FRITTRHT ¥ 33 /2R T ATSHIUTHT [ ATl BISH WEHT ¥.00 T /g4 HH qedl S
Tt fearae I& arg | ITER ARCHET FATwaT FH .29 I/ FFT JcATaT AT | Ty
Ah+aTST AraeaTell TaH TAwaT a7 TARIBRT @ fAasiiaes TaqT Megeda J8or T4 @uies,
HTHIET T T THTH @Idee HAM 5.3 L2, ¥.% 9 90 [awar T dA=erehl TReilig areal (TShRTHT
Forefif ) 92T YT WeEHT HH: 9.}, 3.5 T 3.3 Ui 9o fg=ar urguert faar | a9 g Al
fafr ¥ srveTepr WXSlifa ATEATRr TANT TRTHT waAT FHASiTa AR gHl AT ATERTAT AT AT
FAT=2T TEI FHI 9.54 T 9. ¥\ UTSUHT RO el (ISR [Feheqer FTAT TART HRT AGLaT T
fo fadies TART &l T9TEHRT g9 TSAT | AAATE (qUTererl ghdT TS ¥Y % T i faurd
0.y fafafees gfa faee qrereT a3er YART &7 TART HRIHT SHALIT T Afh qrgaT |
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Global Value Chain Analysis of Nepalese Large Cardamom in
Eastern Himalayan Road Corridor of Nepal

Rishi Ram Kattel (AEC-03P-2017), PhD 2021
Department of Agricultural Economics and Agri-business Management
(Chairperson of the Advisory Committee: Prof. Punya Prasad Regmi, PhD)

The agro-ecological settings in the eastern Himalayan Road corridors provide a unique opportunity
for farmers to produce large cardamom as an export commodity for the global niche markets.
Upgrading and quality enhancements are major bottlenecks of this commodity from the global
market competitiveness point of view. This study was done to analyze the global value chain
analysis of large cardamom (Amomum subulatum Roxb.) from governance and trade aspects,
focusing on the chain map, adoption of major post-harvest practices, technology upgrading,
consumers' preference, and willingness to pay. Farm-level information was collected representing
the eastern Himalayan Road corridor of Taplejung, Jhapa, and Morang districts using structured
personal schedule interviews for the cross-sectional household level data from 300 farmers using a
simple random sampling technique. The other methods used in collecting information included the
use of focus group discussions, key informant interviews, and rapid market appraisal of business
enablers and traders. Besides, a 255-consumer survey was conducted using the KoBo Toolbox
online survey from 2018 to 2020. Descriptive and comparative analysis for both primary and
secondary data were used; the Probit model, income regression model, and instrumental variable
(IV) model were used. Further, a SUR logit model was used to examine the factors influencing
the adoption of five major post-harvest practices, such as an improved method of drying, curing,
cleaning, tail cutting, and grading based on size and color. The contingent valuation method was
used to assess the WTP of Nepalese large cardamom. The study revealed that about one-third
of the sampled households were commercial large cardamom producing farmers, and a similar
proportion of households also used the improved dryer for curing and drying of large cardamom
with better quality, whereas about three-fifths followed the traditional dryer that hampers the quality
of cardamom with a low price. Less than one-tenth of households had adopted the tail-cutting
practice. The cost of the production of one kg of cardamom was estimated at NRs. 656, and the
recent selling price was NRs. 1000/kg with NRs. 344 profit margins from a kg of large cardamom
at the farm gate during the surveyed period. The B:C ratio of large cardamom production was 1.4.
The findings revealed that the value chain development of large cardamom is not well structured
at function, actors, and business enablers. More than 95 percent of large cardamom was exported
to India from Nepal. Nepalese traders have a poor capacity and governance to export products to
countries other than India due to high entry barriers to the global market and a lack of standards to
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be met for export. The findings from the Probit model revealed that the adoption of an improved
method of large cardamom drying was mostly driven by access to credit while controlling for other
explanatory variables. The adoption of an improved method of large cardamom drying resulted in
an increase in household income by more than twofold. The instrumental variable approach was
used to check the robustness of the findings. The findings revealed that household income from
large cardamom, risk-averse of the farmer, access to credit, and access to technical services were
positively significant on the adoption of an improved method of curing and drying. Whereas the
improved method of drying and house type has had a positive impact on annual household income
from large cardamom. The impact of the adoption of an improved method of large cardamom
curing and drying resulted in a 432 percent increase in house income in comparison to the
traditional method, which gave only a 34.3 percent increase in OLS regression. A few, less than
five percent of households, reported that they had been adopting the tail (calyx) cutting practice.
Likewise, only about one-fifth of households adopted grading of large cardamom based on size
and color at the farm level. The adoption of major post-harvest practices of large cardamom at the
farm level has also increased household income by double. Results from an adoption model using
a SUR logit identified experience, household income, the commercial scale of production, risk-
averse, access to credit, and access to technical services as positive contributors to the adoption of
major post-harvest handling practices of large cardamom. The average age of the consumers was
29.21 years, and 16.70 years of schooling. The average family size was 4.87 members. Two-thirds
of respondents were male, and service was the main occupation of 39 percent of respondents.
About 92 percent of respondents from consumer surveys belonged to Asia, whereas 38 percent
belonged to urban city origins. One-fourth of respondents had US$ 5000 and above annual income.
Consumers were willing to pay a price premium of 34.56 percent for Nepalese large cardamom,
while about 33 percent expressed additional WTP for organically certified once. About 40 percent
of respondents expressed their willingness to pay for Nepalese large cardamom, whereas 65
percent expressed their additional WTP for organic certified. The average price paid for cardamom
was US$ 19.6 per kg, whereas the WTP additional amount for Nepalese cardamom was US$ 6.92
per kg and US$ 6.6 per kg additional for organic certified once. The major determining factors on
the WTP of Nepalese cardamom were color, size, household income, and knowledge. Based on
findings, it is suggested that the potential of global value chain development alliance, financing,
and upgrading strategies would be pivotal for large cardamom with key intervention strategies for
improving value chain function in the eastern Himalayan Road corridor of Nepal. The adoption
model of improved drying method and its impact on farm income suggested that promotion of an
improved method of curing and drying would be needed at the farm level to increase farm income
and to capture the competitiveness of large cardamom, especially in the global markets. Results
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from the adoption behavior of major post-harvest handling practices of large cardamom clearly
showed that promotion of major post-harvest practices, such as the improved method of drying,
curing, cleaning, tail cutting, and grading, would be needed at the farm level to increase farmers'
income and also to become competitive in the global market. Having the largest share of the global
export amount, the production of large cardamom in the eastern Himalayan Road corridors of
Nepal is the most profitable commodity, which has great prospects and significance in the global
markets.
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Analyzing Sustainability of Decentralized Electrification from
Renewable Energy Technologies in Nepal

Rana Bahadur Thapa (DES-01P-2017), PhD 2021
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Bishnu Raj Upreti, PhD)

Access to electricity from Decentralized Renewable Energy (DRE) technologies is a vital
factor for the socio-economic development of rural society and the country. The advancement
of human societies and economies seeks a higher amount of energy. This ultimately results in
rising concerns on (i) an increase in energy demand, (ii) limitations of fossil fuel reserves, (iii)
greenhouse gas (GHG) emission, and (iv) consequently impact on global warming and climate
change that has induced challenges for policy-makers to debate about energy security, energy-mix,
and diversification of their energy policies. However, providing reliable, affordable, and modern
energy in rural settlements is a major challenge in developing countries like Nepal. Because of
mountainous/hilly geography and scattered settlements, providing energy service through DRE
technologies is an effective complement to grid-based power. Nevertheless, these technologies are
perceived to operate either below standard or in a less sustainable manner, which motivated the
author to analyze the performance of existing DRE technologies from a sustainability perspective.
This study analyzes the sustainability aspects of 84 DRE technologies based on 19 indicators and
mostly used four-sustainability pillars. We used household data collected from three provinces
of Nepal based on a stratified random sample method. Similarly, the researcher performed a
survey of local experts’ opinions for ranking existing DRE technology options and prioritizing
the sustainability dimensions and indicators with respect to sustainability aspects. The field-
based performance results reveal that technical criteria seem to be the best pursued by social,
environmental, and economic. Comparing the province-wise performance of projects, Province-1
shows the strongest performance among the three provinces. Gandaki and Far Western provinces
are performing nearly at the same level. However, Nepalese DRE projects are performing at a
medium to a high level, which shows ample area of improvements in the sustainable supply of
electricity. Additionally, the sustainability of DRE technologies depends on their sizes, but there
is no significant influence of turbine types or the age of the projects. Similarly, as per experts’
survey, Micro-hydropower is mostly preferred technology pursued by Solar home system, Solar
mini-grid, Wind-solar hybrid, and Biomass for providing sustainable electricity services to the
rural areas of Nepal. Likewise, the local experts favor the technical and economic dimensions
to be the most crucial for the sustainability of DRE technologies in developing countries like
Nepal. Then, social and environmental dimensions appear with lower priority for contributing
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sustainability performance of DRE technologies in rural contexts. Although local experts suggest
focusing on improvements mainly on technical and economic criteria for achieving a higher level
of sustainability scores, it is important to look after each of the interdependent indicators together
to have a synergy effect on overall performance. Furthermore, correlation analysis implies that
economic criteria are the most crucial as it influences to other three dimensions, namely social,
economic, and environmental. The access to electricity induces substantial welfare gains, which
tend to be relatively skewed towards women and children. An increase in economic activities,
improvements in economic status, contributing to environmental conservation, enhancing social
cohesion, and improvements in the living standards of rural people are the key determinants of
development effects from electrification from DRE technologies in rural areas. However, due to
inherent characteristics of renewable energy systems such as high investment cost, low utilization,
and lack of commercial operation has been the major issues that policy-makers have to trade off
with the benefits and challenges of energy systems to provide modern energy to rural people who
have been deprived of electricity for years. In conclusion, the sustainability of the technologies
entirely depends on the performance of indicators and the inter-linkage between the indicators
and dimensions with respect to the sustainability of the technologies. Therefore, the concerned
authorities need to focus on maximizing and minimizing the performance of the sustainability
indicators as per “decision criteria and goal” as mentioned in Appendix 3 because they are
contextual and project-specific, in which priority should be given to improve each indicator from
project inception to post-installation phases.
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Public Investment in Rice Research and Its Impact on
Food Availability in Nepal

Rajendra Pandit (DES-01P-2016), PhD 2021
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Durga Devkota, PhD)

This study focused on assessing the public investment in rice research and its impact on food
availability in Nepal, with the main objective to understand how the improved rice varieties are
developed by the research organizations using public funds and how it has contributed to increasing
rice production and food availability. To this effect, the rice research-related situation was analyzed
using the data from 1965 to 2020. In addition, a household survey (n=405; 255 from Morang and
150 from Kaski) was done during 2019 to determine the impact of rice research at the farmers’
level. The secondary data were also collected, covering policy documents, books, and journal
articles. The findings revealed underinvestment in agricultural R&D, including rice research for
technology generation and food security issues. The overall public investment in agricultural R&D
was found to increase per annum by about 12%, compared to 11% in agricultural research and 14%
in rice research. The public investment in agricultural research should be around 2% of AGDP,
but it ranges from 0.14 to 0.35% in Nepal, with the highest priority in crop sector research (31%).
During 1991 to 2020, a total of NRs. 1304.459 million has been spent on rice research, with the
outcome of releasing more than 69 improved rice varieties. Likewise, the productivity of rice has
also been increased by about 65% during the last 29 years, and it has been doubled as compared to
the base year of 1961, yet several challenges exist to develop this sector as expected. Nevertheless,
the level of adoption of improved rice varieties was around 90% in both the districts, with the major
determining factors of the age of the household head, consultation with a technician, and size of
rice cultivated land, whereas adoption of improved rice varieties, family size, and remittance had
a significant effect on the Partial Rice Availability (PRA). The average PRA in both districts for
adopters and non-adopters of improved rice varieties was 7105.22 and 4864.27 calories/day/ha/
household, respectively. The significant contribution of the adoption of improved rice varieties on
PRA showed the importance and need of increment in rice research investment by the concerned

stakeholders.
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Evaluation Of Weed Management Practices
in Dry Direct Seeded Rice

Pradeep Shah (AGR-01P-2014), PhD 2021
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Shrawan Kumar Sah, PhD)

Weed is one of the most important constraints limiting the productivity of dry direct-seeded rice
(DDSR). Two field experiments were carried out for two consecutive years during the rainy season
of 2015 to 2017 on sandy clay loam soil to evaluate the effect of weed management practices
on weed dynamics, yield, and economics of DDSR at the Regional Agricultural Research Station
(RARS), Parwanipur, Bara, Nepal. In the first experiment, four levels of Sesbania knockdown days
as a horizontal factor and four seed rates of rice as the vertical factors were tested in a strip-plot
design with four replications. In the second experiment, nine levels of weed management practices
were used as a horizontal factor. Two levels of seedbed preparation methods, as the vertical
factors, were tested in a strip-plot design with four replications for two years. Research results
of the first experiment revealed that total weed density and dry matter decreased significantly
as the knockdown days were delayed from 21 to 42 DAS, and the seed rate of DDSR increased
from 25 to 100 kg ha'. In general, grain yields were higher in Sesbania knockdown days of 35
and 42 DAS and seed rates of 75 and 100 kg ha'. Similarly, results of the second experiment
revealed that the total weed density and dry matter recorded in the weedy check were significantly
higher, while it was lower in weed free treatment during both years at all the growth stages of rice.
Among the herbicide applied treatments, Pendimethalin fb tank mixture of Bispyribac Sodium and
Ethoxysulfuron was found significantly superior over the rest of the treatments with respect to
reduction in weed density and dry weight at all the growth stages of rice during both years. Among
the herbicide applied treatments, significantly higher grain yield was recorded in Pendimethalin
/b tank mixture of Bispyribac Sodium and Ethoxysulfuron during both years, while economic
analysis revealed that B: C ratio was higher in Pendimethalin fb tank mixture of Bispyribac Sodium
and Ethoxysulfuron which was statistically similar with Pendimethalin fb Bispyribac Sodium,
Pendimethalin fb Ethoxysulfuron, and tank mixture of Bispyribac Sodium and Ethoxysulfuron.
The effect of seedbed preparation methods on weeds, growth parameters, yield, and yield attributes
of rice was non-significant. Therefore, Sesbania knockdown days of 35 DAS with seed rates of 75
kg ha'! were found suitable for controlling weeds and producing higher grain yield in DDSR. In
addition, Pendimethalin /b tank mixture of Bispyribac Sodium and Ethoxysulfuron proved effective
against diverse weed flora and for producing higher grain yield in DDSR, and Pendimethalin fb
Bispyribac Sodium, Pendimethalin /b Ethoxysulfuron, and tank mixture of Bispyribac Sodium and
Ethoxysulfuron were next better treatments for controlling weeds in DDSR.

Directorate of Postgraduate Program, AFU 59



Compendium of PhD Research Abstracts

BRAT TPl IATGHA TGl AT SHRUTT TIT THG AT 8T | Feal aTTdT FHIRaTd g0y
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Identification of QTLs Associated with Dry Direct Seeding
in Rice Using a Multiparent Mapping Population

Shushil Raj Subedi (PLB-01P-2014), PhD 2021
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Surya Kant Ghimire, PhD)

Rice is the major source of people’s livelihood, food security, income, and employment in Nepal.
The transplanted puddled system of rice cultivation, despite having several benefits, is a highly
labour-intensive, water and energy-intensive system. In the face of changing climatic conditions,
a successful transition from puddled to dry direct-seeded rice (DDSR) cultivation system looks
promising for the future. But the varietal development for dry direct-seeded rice has been neglected,
and the quest for short-duration, short-statured, long-rooted, resistant to lodging, and early vigor
varieties remains. A complex mapping population developed from five diverse parents was used
to study the genetic basis of DDSR-related important traits. Phenotyping of the populations
was done in the 2015 Wet Season (2015 WS) and 2016 Dry Season (2016 DS) in the upland
farm field at the IRRI. Randomly sampled 450 F2 plants along with five parents and five checks
were seeded directly in the dry field in 2015 WS. From 450 plants, 300 lines were selected and
planted in 2016 DS along with parents and checks in an augmented design with two replications.
Each line was phenotyped for roots and nutrient uptake traits (n=14), plant morphological traits
(n=5), lodging resistance related traits (n=4), and yield and yield attributing traits (n=7). A total
of 275586 SNPs were called from the GBS genotyping with a call rate of 80%, and minor allele
frequency (MAF) of >5% (24306 SNPs) were used to estimate the genetic relationship. A genome-
wide association study was performed to identify significant marker-trait associations (MTAs)
for traits enhancing rice adaptability to the dry direct-seeded rice (dry-DSR) system. The kinship
values showed all the progenies are divided into two distinct major groups (aus and indica) and
further subdivided into subgroups. The study identified 37 highly significant MTAs. The percent
phenotypic variance explained by SNPs ranged from 9-92%. Among the 37 identified SNPs, 12
were associated with the root morphological (nodal root, root hair length, root length density) and
nutrients (N, P, Fe & Zn) uptake traits, 5 were associated with grain yield and yield attributing, and
5 MTAs with lodging-related traits. Similarly, 5 SNPs were associated with morphological traits,
and 9 were associated with seedling establishment traits. The SNPs associated with the seedling
establishment traits identified in this study are in proximity to earlier identified candidate genes.
A SNP on chromosome-2 was tightly associated with the SPAD (surrogate for leaf chlorophyll
content). Significant phenotypic variations were found in the population and parents in both

years. The significant positive correlation of grain-yield with seedling establishment traits, root
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morphological and nutrient-uptake related traits, lodging related traits, and grain yield attributing
traits pointed out the possibility of combining these traits to increase rice yield and adaptability
under DDSR. The percentage difference of each trait between the pooled 30 high-yielding and
30 low-yielding lines found a positive to negative range of difference, which determines that the
large variation of traits showed importance in determining the yield, along with traits having larger
differences. Seven promising progenies with better root morphology, nutrient-uptake, and higher
grain yield were identified that can further be used along with the identified SNPs in genomics-
assisted breeding for DDSR.

T TATART THE GTT aTeiTehl AT, fAfaeprarsia, AW ¥ ATRTHIR! FTde! TTdT Tl B | 919
TS @R, AATS T GAT T JUMATHT FTZET TCIAT, T GUNATHT &TH, qT1, AT ¥ 97feh o o
TG, | Afectel Tefaal aud T A" IRFqTo T2 G fGedTuy A8 Jordiare Sear Jomerar ar g
qfeaae g 3fevg | aY AfeeaTE gRar g JuTclTl ITATh ATl SITcehl Ii ferehre Tt B STt
TTAT TR AT =ATle faueT Uree (ST I, Srel IaTs, ATHI ST, AEe, FTel SHRIh T JRIFE
ST A1fd | FEET AT arehl [T qUEwen! ATANRTE ATIR qAqT ASH (afered T AUHT & qaT Fgl
T ITATE ATHTETETE Afae ATATA G TG faehra T &7 TAGCATH FArareag 094 #
T FEH T 09% T @@l HIGHAT, A=ARIET I AT braehl T GAHT (AT | 09%, T 6T
AT 19T TEAThT ¥Y0 F7 ddald FArd TR dleTs SedT (dfeee qear Taar iear Saar
% SaT ATHTEET ¥ =R 921 ATl gTeRl F1d qi AT TEAT | & 09% T qe@aT HIgaar ¥40
AT AT 300 FaT Frle TEUX R09%, ST e HT Fr=rehl &7 ¥ a1e A7 Aed ATALE Feorg=ar
T5 MAFIAHT TLAT | SIAWA FgT Fg AAIAAE @@l G IR qUEe TTH] SR T AAER
[ &Har (¥ TUES), ATAdE (4 UE%), Torl FAETHE (¥ T[UES), IAEAT T IAeF el
(9 TUIEE) HT faerepl f=Tar ¥ Fedaue! deqae T Hecdqul 01 fafa9 ¥4 (Marker-trait association)
1 9feard TR el BRA aTH AR TN T Ehl S | TRE TS gITAT ATqrehl AR &al
T2 Y@ THE (ATSH T Sreehl) AT T GeTH! qTedT T Tel % ITAHEHT [orwiiad WUl qrear |
TH HAAFAATE R0 Tl UEHH 39 F&T Hecaqul 0 [o9d FY qeal ARl & STHAT Td @Il a7
(false discovery rate) 094 F@@T ATHHAT 0.3%¥ T@I 3.5 X 07 ¥, R09% O[ ATHAT ©0.0330 @[
Q.34 X 407 FEH T I FUR! AAAHT 0.043¥ I ¥.§0 X QO T TEH! UTZAT | FqF T At
FTIR hATEread =T & @I %3 % el arsar | aRkfead "ecqur o7 faeiy Fy v, 9% e
feTy UrEE SRIHT ATHATET T GM6F dcd (ALERI, FAH T S&ql) S qeiegd, Y 9a7 a9 [uee
STTEA T IATEA FEd Nl [UEe J Fea(=ad, 4 FT (a9 UEe sie Torl IR Frieaa e,
Y T foreTy UEE Sle AHAT VRS (fad arqeh! Hiol, o Irael &k T dredhl =% ), § Tl
faers [ur araer fed (SPAD) FFfeId ¥ & FeT fa9 UEe drgshl SHR ik T SHR €I &9
FrITeId TUTES &l TSR 3 | AT JTgUeHT faTae e Fees gl 9 AT SFHEAR S\
fAeFaAT TUHT ITEUHT G | TT ATHT TRITHT GRETHT BAIQNTF TIEEHT SATATIET I AR FrieTd
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AEcaqul =TT 9TSUsl g | IRETR AlqeT AR IAEHH Fedvawd, q13 I [0es, ST
HTHAT T G Teahl UES, Aee TUEE ¥ IJAed Gerddh Ues FI hRIcAE T Heea ol qredl | T
4T UETH] FRICHE Gearardele qeal Geal aidd SATTH] IcaTed dig & I Fodl AqhAdl Ter3
AT AGUET B | 3= IATEA HUHTAT Beob HEcaqul [UEe Gf 3= Teehl IT3AT 1 q5 quepl GREvere
AT FT Fldes STEAT ST AT, 00 qed T 3= IATed HUHT T qedl aeUer! & 39 qear
TEAT JUITCATRT ITehl ST [T T IIART 9 Al |
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Maximizing Productivity of Winter Maize through
Improved Agro-Techniques

Nav Raj Acharya (AGR-03P-2014), PhD 2021
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Shrawan Kumar Sah, PhD)

The productivity of maize is very low in western Nepal because of poor crop management. The
agronomic management practices, such as date of planting, suitable varieties, appropriate plant
densities, irrigation scheduling, and fertilizer management, were manipulated to improve the
productivity of the winter maize. Three experiments were carried out from 2014 to 2016. In the
first experiment, three planting dates, four maize hybrids, and three plant densities were tested
in a strip-split plot design with three replications. In the second experiment, nutrient omission
and irrigation levels were tested in split plot design with three replications to determine the site-
specific nutrient management dose and the effect of irrigation level on the productivity of winter
maize. In the third experiment, site-specific nutrient management was compared with conventional
methods of fertilizer management in the randomized complete block design with four replications.
The data on growth, yield attributes, and yield were taken, analysed, and presented. The research
results revealed that earlier planting on 20™ October yielded higher than later planting on 5" and
20" November. The maize hybrids Rampur Hybrid-2 performed better than Rampur Hybrid-4
and Nutan (KH 101) but similar to maize hybrid Rajkumar. Similarly, higher plant densities, 8.3
plants m? and 6.6 plants m™ gave higher grain yield than 5.5 plants m™. The result from the second
experiment revealed that providing irrigation three times at the active vegetative (30-35 DAP),
tasseling, and grain filling stage significantly increased the grain yield of maize as compared with
only one irrigation at tasseling and two irrigations, one at the active vegetative stage and another
at the tasseling stage. The nitrogen, phosphorus, and potassium uptake were significantly higher
at three levels of irrigation than at single and two levels of irrigation. The grain yield was similar
to the national recommended dose of fertilizer and 50% above the national recommended dose
of fertilizer. The third experiment result revealed that site-specific nutrient management produced
significantly higher yields than farmer fertilizer practices. The gross return, net return, and benefit
cost ratio were better in site-specific nutrient management than the national recommended dose of
fertilizer. In the western terai of Nepal, the variety Rampur Hybrid-2 with a plant density of 6.6
plants m?, planting in 20 October, produced higher grain yield. Similarly, irrigation at the active
vegetative phase, tasseling and grain filling stage, and site-specific nutrient management improved
nutrient uptake and grain yield.

64 Directorate of Postgraduate Program, AFU



Compendium of PhD Research Abstracts

Farerep! Gfy =T TRISHT Febeh! FH IATET gl THE RV Heb YATHT JIIhH HARATIT 78 &l | aredl
HEALATTAHT AXHBES ST&T: a1l I+ Ao, S, foearet uved, fa=re qar Ifera Aer@rs raedm=
T f6ST b IATGHAHT qig T A9 AATTH HEA F¢9T &1 | Wbl JcATahed TGIITHI oATHT
3 9T YALUEE 3 AT TEH GORT, ATl [FATAR! G/ ARMAT FaTad AT | gfeell qRIerH T qb
A ¥ T THia, HebepT ¥ G FUHT STE% T [a%arel faiqe=T 3 Theh Tcaas 3 Y SRS
feay-T=ite fewmgarar wdieror wivwer faar a= sl adreror fa=mg fa 3 @er dfvesr ¥ Tramatae Aee]
& a1 HIATATS 3 9eF alalATs T e [SAeTHl 4T [99T Aa@ls SFa@drdd qa aursae! T
T TRUePT Py | AT TG A ATTHT T (4979 He@Te SaaTaaeTg IRERNETT JEHare
T A AAETIAET A T ¥ Gah 261ATs 07 &b [SSSAHT TIeTqT Ry foar | afear
HATTAT =TS TPl b (0 FFTaY) AT faedl T AYHT (L T R0 AIHFER) AT Iwal Jeoled STA
& IATEA Tl | AULFR ATqAee AT THATR BIe(ge-R T ATEHARG] IATEA A Bleiae THR
ETEfae-¥ ¥ qaT (F.UH.909) P =T oo TG4l | A& TFAH a1 FEIT (5.3 T &.& Ufd A fHaw)
AT TIMSUHT HbATE FH TATAT AMSTRT Heb (.Y Fieq a9 fHe2) 7 qwa1 9T Joaes Ay | qaTey
FTGT ARATTHT Heb 0T 30-34 fa ufig, o == feher @7 7 amer afed awa T80 3 9ak fauar
fa=emger a9 =\Y fH=p qWawr T qed T Heb ARl 30-34 faq ufg ¥ am =wwr e gweran
T2 e QU Toemed AT Habdhl ICAIET Soi® ¢l HUH! UTSal | ATsared, FEhRd T qaiadd
fo @ AT afe foe=mg U qe@ T g% gah T 9T i 9ed el del sf@dr | fawife | ¥
faeTiea AT swaT Lo T & el IEET Hebebl IATEH aRTaR UTedl | J9T S adTaT fFarae
qor@re Faea fafa gwe1 T 999 Hol Sqaedqe el HbHT IR ool HIATHT ] AUH!
qrSAT | AMLA (AR AA@IEH! AT AT 79 (999 7l qadq9= Ta & 9d®wd, qg Faha
T AT AN FAATT ET AU GEAT | AT ARt Wl fa dfeedr ¥ 9 WEREG AddTs
SHFLATIAHT JEATHT AT (F9T9 Fe@rg Faearq=l WY giqerd A faar aft Al Ieameq Iwiawd
qUEAT | qUTAPT TR TRIEAT 6% Heb FIfciopepl Tlgel gl 97 Tl A1 THIR ETE(a8-R SATAH
%% @21 foear uiq a1 fHey «rser Seate deraT |ikg | A9 3 9eH fa=re ug T {9 "ere
FETATIT FHAR! IR &1 IATEAAT A1 575 |
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Enhancing Nitrogen Use Efficiency and Productivity of Lowland
Rice (Oryza sativa L.) Under Rainfed Condition in Nepal

Bandhu Raj Baral (SSC-01P-2016), PhD 2021
Department of Soil Science and Agri-engineering
(Chairperson of the Advisory Committee: Prof. Keshab Raj Pande, PhD)

Nitrogen use efficiency (NUE) and productivity of rice under rainfed condition is very low in
Nepal. Both NUE and productivity could be affected by fertilizer and crop management practices,
soil types, and climatic conditions. In general, farmers’ fertilizer application in Nepal is low and
imbalanced compared to other South Asian countries. Household survey research was conducted
using a semi-structured questionnaire and focus group discussions to know the farmers’ fertilizer
management practices. Survey confirmed that farmers’ fertilizer application was imbalanced
with a higher amount of phosphorus (P,O,) fertilizer and a lower amount of nitrogen (N) and
potassium (K,0) compared to the recommended practice. In this context, two field experiments
were conducted to increase NUE and yields using an improved placement method and the right
timing of application for different rice varieties under rainfed conditions. The first field experiment
was conducted from 2017 to 2019 at Khajura, Banke, Nepal, to determine the effective method of
N fertilizer application across rice varieties. The experiment was conducted in a split-plot design
with three replications. Treatments were three rice varieties (Arize 6444, Radha-4, and Sukkha
Dhan-3) as main plots and five N fertilizer treatments (control, broadcast prilled urea at 78 kg N
ha'!, deep placement of prilled urea at 78 kg N ha™', urea briquette deep placement at 78 kg N ha™":
and recommended rate of prilled urea at 100 kg N ha! with broadcast application) as subplots.
Grain yield was affected by both rice variety and N fertilizer treatments. Arize 6444 produced a
higher grain yield (6.0 t ha', 22% higher) than Sukkha Dhan-3(4.9 t ha'). Urea briquette deep
placement produced a higher yield (6.7 t ha', 5% and 22% higher) than recommended prilled urea
100 kg N ha! broadcasted and prilled urea deep placement at 78 kg N ha'!. The urea briquette
deep placement increased apparent N recovery (44%), agronomic NUE (40%), partial factor
productivity of N (34%), and N utilization efficiency (50%) compared to the recommended
practice. Higher residual soil N was observed in the urea briquette deep-placed treatment, and
that increased the grain yields of the succeeding wheat crop. These results confirmed that UBDP
is the better N management treatment. The second field experiment was conducted to determine
the right time of N application and precision N management technologies on increasing NUE and
yields. Nine fertilizer treatments, including Green Seeker optical Sensor (GS), Soil Plant Analysis
Development (SPAD), Leaf Color Chart (LCC), and their combinations with basal application of N
at 25 kg ha'', urea briquette deep placement (UBDP), the recommended practice (RP), and control,
were arranged in a RCB design with three replications. Among the treatments, UBDP produced
the highest grain yield (6.80 t ha'). GS, UBDP, and LCC treatments reduced N rate by 54 %,

Directorate of Postgraduate Program, AFU



Compendium of PhD Research Abstracts

22%, and 21%, respectively, compared to RP. Similarly, GS treatment produced higher agronomic
NUE (93%), partial factor productivity of N (117%), and apparent N recovery (45%) compared
to RP. This study suggests that the application of N, either by urea briquette deep placement or by
using GS as a decision support tool save more N without compromising grain yields of rice under
rainfed conditions.

HTHTY FAUTHT AIHT QAT XA GT ATATR] TATTAT IcAEhcd TS FH 8ehl @ | ScaTahed dls AAT
T FRUEEHT AT ARG, @rEaded HaedTId, gardl, qTel Ay gq ¥ 41 7 gradd
FAXITI THE &1 | HIFeoh] AW TaedTI AL ALATAR] ATNT AATAb] dATeb [STeaA [/ TIATATAT
FeARATAl [afg T MRS b BRELT FATT AT ATAR FUFHESA ITAATATHT HEhRATR HA
T AT 9T o q¥ ATgarsd ¥ Geargdcadch Al AAT [GHIE AT 9wal &7 TART T
qTEAT | ATHIIT AUTRT THT GAT T GTT ATATRT ATRT ATSEISTHDT el FATFRRI (Al IdqT A=
T 209 Ifg 09, FFH TATAR! aTeh [STeatlehl GSRT 1 T f=argal arHe AT A1 aar aTehl
SAET (RIS ¥ ¥, AAT-¥ T RN IT-3) A5 HEF AT T Y=l ASEoA Aer@re ITARES
(ATEEISA ARTelehl, IERR AT Swar falad T 9z & 51 a1 9fq & T 900 &S a1 9fd &, e<rn
AT e g ARG IERR IRATAE 95 HS5. AT Giq &, T ARAT Feebl e e fatdgare
Oz %90, AT 9iq §.) FAdHT G R goe feSeAATr dF Udeh I@ATTR ARUERT Gaqar] Jieefo
IAR G QIS §¥¥Y STAHl g T g1 dfg ST (9,00 I Wid ¥.) fawsr qrgar a=
AAGTEAT AT b7 (e W AGHIA o SvaT dfg IcaTaT (5.9 a9 9ieq &) fauspr qrgar | ==eh
IRAT TEIHT TEHMAT ATZErSTT RBEd (¥¥%), ATl ATSerod TART GHAT (¥0%), AT ATH
19T IATERA (3¥%) T ATZITT FATT &HAT (L0%) W&TWW&F@W@WW
HIEHET TEhT ATIT TEAT  ATGTSTHT HIAT T AT afG I aTTHT ARAT =ebl eI TPl I aT
AT T TAA lSecl ATl Tgehl IATET AT qTSAT | T ATHATATHT B THAAT Bl ATGrIA fa
T IdT TISH, SFITI=El fMiaeq fafaes arg IU=Ress! 99T FHM: WA R siftesda =
.0, WA W TATATS AT SHATTHE (TATS), I a1 =1 (TA G AT.) ¥ foeirgsarr amerdm ¢
% S, A1 9fq & 9 fauet, AT FehT MR T@H 9o F 5. A1 9fq 7. @7, fawred fafa qoo
.51, AT, 9fd &, T AT FETARl  oATE I AT AEATS ArSTHISS Todb [golTgr T TRUHT eardy
qiveToTHT AT TAbT ERHT GHT fafqare Faq=T afe IR (R.50 I G §.) 9EAr | U,
AT =fepl e<AT e 3 Ut fo {9, 1 et faotied faty @ qammar Argdrs Aoy ¥ %, 3%
T 9% AT T TRITH qTSAT | SIL.TH. BT FANTA ATAT ATSEISTT FANT AT (33%), AT AMeTeh
9T JAATEHA (99%) T ATZAST RPE (¥4 %) TARIeE fafael qoamar aergdr argar | e,
qTeb STl BUFEEA ATl Al [ARINE bl AT FH BTelehl IIZAT | ATHTY TH] HAT Gl
i ot arelrer i Ffear =@ wfeRrar e fafy e 9reEr 7 AEde we e A qeEnt
JUHIUTHT FOHT S(T.TH. 4T ITEAT |
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Productivity and Profitability of Rice-Wheat Cropping System under
Conservation Agriculture Practices in Western Terai of Nepal

Himal Prasad Timilsina (AGR-01P-2017), PhD 2022
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Santosh Marahatta, PhD)

The sustainability of the rice-wheat system is under threat because of deteriorating soil health and
declining profitability. To evaluate the productivity and profitability of rice-wheat cropping systems
under conservation agriculture and conventional agriculture, field experiments were conducted
at the National Wheat Research Program, Bhairahawa, Rupandehi, Nepal, during 2018/19 and
2019/20. In wheat, three levels of tillage method (Surface seeding, Zero tillage, Conventional
tillage) as vertical factor, two levels of residue management (Residue removed, Residue retention)
as horizontal factor and three levels of N: P,O.: K O dose [National recommended dose (NRD)
100:50:50 kg ha'', 25% higher than NRD, and farmer’s practice dose (80:40:15 kg ha™") as sub-
plot factor were experimented in strip-split-plot design with three replications. Similarly, in rice,
three levels of crop establishment methods (Unpuddled transplanting, Zero-till direct seeding,
Puddled transplanting) as a vertical factor and two levels of residue management practice (Residue
removal, Residue retention) as a horizontal factor were experimented in strip plot design with
nine replications. Surface-seeded wheat was followed by (fb) unpuddled transplanted rice,
zero-till wheat was fb zero-till direct-seeded rice, and conventionally till wheat was fb puddled
transplanted rice. The data on crop growth, yield attributes, yield, economics, soil properties,
and soil nutrients were collected. The research results showed that the system productivity was
not significantly affected by tillage methods and residue management, but nutrient management
practices significantly affected the system yield. The 25% higher NRD of wheat fb NRD of rice
(100:30:30 kg ha' N: P,O_:K O) produced significantly higher system yield (6231 kg ha') than
NRD of wheat fb NRD of rice, whereas the farmer’s practice dose of wheat fb NRD of rice
produced the least yield. The system cost of production was higher in conventionally till wheat
fb puddled transplanted rice (NRs. 155417 ha''), which was 25.93% higher than surface-seeded
wheat fb unpuddled transplanted rice and 59.36% higher than zero-till wheat fb zero-till direct-
seeded rice. The system gross income was not significantly affected by tillage methods, but the
net income was significantly higher (NRs. 113908 ha™) in zero-till wheat fb zero-till direct seeded
rice than conventionally till wheat fb transplanted rice. The zero-till wheat fb zero-till direct-
seeded rice produced significantly higher B:C ratio (2.16) than surface-seeded wheat fb unpuddled
transplanted rice (1.71) and conventionally till wheat fb puddled transplanted rice (1.27), where
surface-seeded wheat fb unpuddled transplanted rice also produced significantly higher B:C ratio
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than conventionally till wheat fb puddled transplanted rice. The residue management had no
significant effect on system gross income, net income, and B:C ratio. The 25% higher than NRD
of wheat fb NRD of rice had produced significantly higher system gross income, and net income
than NRD and farmer’s practice dose of wheat fb NRD of rice, whereas the B:C ratio was not
significantly affected by nutrient management. The soil bulk density significantly increased in
conventional practices as compared to conservation practices, but there were non-significant effect
of crop establishment methods, residue, and nutrient management on soil moisture, organic matter,
and available soil nutrients. These results revealed that the conventional tillage practices can be
replaced with CA-based practices without significant yield loss in the rice-wheat cropping system.
The addition of 25% higher than the nationally recommended dose of N: P,O.: K O in wheat can
increase the system yield. The zero-tillage wheat followed by zero till direct seeded rice helps to
increase the profitability of the rice-wheat cropping system, as it decreases the cost of production
significantly as compared to conventional practices.

fe@lt T %7 ATRTAE g3 TEREw | WA FOHT A w97 T A @) ¥ IRERET
HEATH (AET @A) o a7 TG ATAT TUTATR] IATGhcd T ATRTATSIAAT I THTEATS HedTeh bl
fafer aiftger 78 Tl dE=aTT FAHE, REdT, TAE], TUHT 5.8, 3095 /9% T R09% /30 AT Giqa
afeerore® TR T | TEAT 3 dEer @S fata (@qear 8, e fod Sfaw g T, que @),
R TEHN R HAXATIA (RTA §aT3H, TR &) T 3 TeHT Aer@rs aedqmaq (fawifea wfewar Aman
TSR ThREATTETE Q004040 &9, .8, [awiiea TiRusr awar W% T QRUSLEY .5,
9. 2., [Famer g T AT 0w 0y F. YR TS WY T W SAEedT At 3 aar
feetba g T AR AT | IR, aTTHT, 3 qEhT Arell 2raer fafy (e qurde aer e,
for foer Afaw o T fagr 9 o, feedt 91R2 597 AS) T R TR GATAT AL (FATST 82T,
FATAT &) ATE T T AT faterer =1 aar fecrdbad g T @edr i | gear fafa g
U AT fedl qaTgda ardel aar Afar, R fea #faT 7R TR T8 g @A JfEauanT
TR aTTRT 13 fad AT, TEA @S T T AT T Gl FAIR et SAr AT | ArelieRT
gig, STAET FATHee, IATaH, JCATEAR! AT faecrerdr, qie qeaep! ITAear T AEH! TR Y
TATFET Fbeld TRUH! (94T | FTAATHH TRUTHA @I, [, ITTE ATell GOl IcaTEhedals
G gfaly ¥ IR/ GATl AT TATNRITTHT F¥eh TRA | X AAGTH FTEIIAA g
ATl JUITCATR] JATEHAH] TAMFTFTAT FXeh Tl qT3dT | TEHT [ARIeE AT weal W% dal ¥
aTHT FaRTRE AT (q00:30:30 & 5. T8 ATE.°1.) TART T&T 1 T8 JOrTetrel Icama (339 fob W
9.8.) g ¥ GIAT [AORTRE |7 q9r TEHT [FaTesl eqrd /AT 3 ST (RTRE AT G TR
q=3T TLATRT FAHT F&I If@AT | Tet 91 ¥ g |7 (o1l AT YT 77 TEaT fharer g
HTAT T AT FHRTRE ATAT TANT TERIAT FeaT TAHAETHT JUTAT] I debl TT3AT | TRFRETT
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ARITHAT TG, JUMIh] JATEA @ (7%, 44 ¥99.00 Y.8.) TEAT e [afy ¥ fEell Terge arehl
AT ATPETHRT W83 % T&T ARAT A9 Foer foet Afaw gRr g a1 T T8 TSaT W4T 4R 8% qE
ARAT | GASIT (Al BXehel dTTa TUTCATh] el ATRTATHT TATEIETHT Fiieh qIA | AT GEATRIA
forr fear Afam g1 g9 919 T T AMSET (7.7, 993%05.00 TF) TANFIETH TERRTT AATHERT
TATSURAT a1 F&r qrear | forr foar AfamgrT o 7 T8 g9 FFTesT FAATRT T ARSI 9T
(R9%) & TEar fafaAr T a9 fedl FadATedd aqr AARHET (§.99) T RERRTT ARE AEUH
g1 T TEAT (1.39) AT TAMFT MTHIH] & TSl | TR/ BATAl AALATITA ATATE TUITeATeh!
FAATRTA, GIATH T FAATRN T ARTAH] ATATTHT TATFT NEH0 Tk bl 2M@UA | TEHT
TLE AT BT ARIE AT % T T ITFAT [RIRE A& GART &l JOTeliehl R arearl I
GEATHT T T TTE THT (BT /AT T TEAT FFQTeRT 12y |7 T AT | (qwRTiea | FHRT TehTHT
q=aT JATMFTETH Tl ITAT | A BAATRTAT ¥ ANTAR] AATTHT FeA@T AT T BAETHT
TATNEIFTAT SE AUH UTSAT | TR @A (A, TR/ GATAT LTI T HAQTd FALTIAA HIaTh
Ferea, grmiees TTdeT AT ¥ AT JUaed GIacadl qeifhd SRashiore hid qIal faud | AT
e I AL BT AT AATEeel Taeamdd T Ifebess; | TEAT faqohticar Afewer @
AT Y% TG ATH. AT JANT TR T8, Tl U] Jcaraadls aersd arhes | vy fee #faegmr
g1 ¥ TE TRMSATA GO ATRIATSAATS dTErad TeanT e [hAfh THHT IS AN TTFIRT
TETHT TeaT TAFITTH FH &7 |
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Improving the Seed Yield and Quality of Egyptian Clover (Trifolium alexandrinum
L.) through Varied Management Practices in Mid-Western Terai of Nepal

Ram Prasad Ghimire (ANU-01P-2015), PhD 2022
Department of Animal Nutrition and Fodder Production
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

Low level of productivity and substandard quality indicators are the major problems of Egyptian
clover seed production in Nepal. To deal with this situation, scientific studies were done, including
a social survey, in order to identify the major problems at the farm level to generate appropriate
technologies. Experiments were done at the Regional Agricultural Research Station (RARS),
Khajura, Banke, Nepal, with the objectives to identify the most tangible factors associated with
the seed production and determine their contribution that were also simultaneously conducted at
the farmers’ field. The experiment in the first year was conducted by using three factors (date of
sowing, irrigation application, and sprays of plant bio-regulators) using Randomized Complete
Block Design (RCBD) in a factorial arrangement with four replications for each treatment. The
second-year experiments were executed at the station and also at the farmer’s field, with the use
of four irrigation schemes, three levels of foliar sprays of plant bio-regulators. The first year’s
results had confirmed November 10 as the better sowing date in terms of seed yield (0.809 t ha''),
biological yield (8.32 t ha!), and number of inflorescence m™ along with better seed quality. The
results from the second-year experiments revealed three and four irrigations, the most appropriate
for higher seed yield (0.99 and 0.93 t ha! at on-station, respectively, and 0.87 and 0.85 t ha' at
on-farm, respectively). Likewise, the seed yield of 0.89 and 0.94 t ha'! at on-station and 0.79 and
0.85 tha' at on-farm were obtained by two and three sprays of plant bio-regulators, respectively,
without significant alteration in days taken to seed maturity and biological yield. The results of
these experiments thus clearly revealed that the November 10 could be the appropriate date of
sowing compared to November 25, and three times irrigations (@ 666.67 kilolitres of water ha)
at 15 days intervals after taking one cut at 60 days after sowing along with three times foliar sprays
of plant bio-regulators (P,O, @ 2 kg ha' + KNO, @ 4 kg ha™) at 7 days interval in pre-flowering
stage could significantly improve the seed yield and quality of Egyptian clover.

drepl I T VAR A g F ATEHT SEaT Fele Y (AR FA9R) Tiepl dra SeaTaeTe
e HEAEEEH] TTHT Tehel THH] T THH AT HYHHT AT HEATES TqT s Jiat faera
T LT THHT Tobd GAEEH Feg TTH ITHINAF AT T SAfefeh AT TREAEE Teht
fer | afeer avwT At ¥ afedr NeaeeAT ArATTSTd-ide® qeaaT qe=d &rad FH AT &g,
GRT, Al ATAATT TAAHT AT TR T THAT T JHAE I FRBAAEHH GAlg T
FHAT A1 B (i, fa=rg rawarT ¥ e araaee? (fawarer Sfas fraraes @) geer afver
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TewesT T | ST AT AT aETu =iie (GrgdT AR WHee (THIdH, 5 9eH, Aid 9e& T a1
9eF) T WA ATARA[AER BRIghl I RE% (THIeH, g5 Tadh ¥ dF Tash) T Tl reHrgse
FFeTe AF (SR FATFSTT AILIIAH A qeeh [ARERT T TS 2T | qfear aee
FAFAT TRATEEH] ATATATS ol ATHFER Q0 ATREH Ad GaT aldiebl IcEdhe (0.50% & gfd
£FeY) AR ATTSES TGN TLUHT 94T | STET aURT AT TREAH] =AM ATTH T Fels are,
A a7 TR TIFH GAET ArFP IATEGHA AT H7g T HUHH GAaNTHT T4 JSH Feeled
IHT gig gAH A1 SAfqeF IJearad, drepl VAR, q000-3HH! dre, Gfed av fHevwr wasr T,
gfq e drFTAR TR 9 Ieled FUR AU GTEAT | IR, TR AT SRS gl
TZ A1 A TSFF] B T AT TIACTHT ool @ ITHT AT ATSAT | TG TIRETITRT Tt
qfasare & U geg 9 arH "igeHl drg ArdFEy 0 AIRaHT BaT, ard @il <0 [aTHT THudE
U FaTs [Aedadig $&&.& fhalaer ofd gdea ave qu-1% fame®r ®Far dF Jes 6= a1 ¥
H Fe AT 5% ATaaRg 9- faderl TYHT 3 Tadh Wive araRIelel Sal araHeH argehl IcaTashed
T VAR TAHT Jod=T FAR T Afehess; |
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Production Performance of Sakini and Giriraj Chickens
through Supplement of Poultry Biosa as Feed Additive

Damodar Neupane (LPM-01P-2016), PhD 2022
Department of Livestock Production and Management
(Chairperson of the Advisory Committee: Prof. Dainik Bahadur Nepali Karki, PhD)

The research was conducted at the Swine and Avian Research Program of Nepal Agricultural
Research Council, Khumaltar, Lalitpur, Nepal. The research was conducted from September 2016
to June 2019 using a Randomized Complete Block Design (RCBD). There were § treatments, each
with 4 replications, with 14 chickens in each replication. The main objective of the research was to
evaluate the effect of supplementary probiotics (Poultry Biosa) on the productive performance of
Sakini and Giriraja breeds of chickens, aiming to recommend a comprehensive probiotic feeding
protocol as a feed additive. The probiotics (Poultry Biosa) were used with the dose levels of 0, 5, 10,
and 15 ml/kg feed in different treatment groups in Sakini and Giriraja breeds of Chickens. Findings
revealed that compared to different age groups and probiotic use groups, probiotic treatment
groups had lower feed intake, higher weight gain, and a higher rate of conversion of feed to meat
(FCR). Similarly, the disease resistance (with the decreased presence of Salmonella enteritidis in
the case of use of poultry biosa) and the quality of eggs and meat were also improved. Likewise,
treatments using poultry biosa had 22 to 30 percent less cholesterol in the blood whereas10-15 ml
probiotic/kg mixed in the feed was most effective compared to the other doses. Therefore, it can be
concluded that using the probiotic as a feed additive could be more suitable for Sakini and Giriraja
breeds in terms of enhancing productive performance through sound health and effective use of
feeds, so as to make this farming more profitable.

T ATA AAA F ATIeATT TRUE AT bl R q9T @I ATIA FAHH, GHACR,
ATATIR FATAHT TRTHT BT | AT T R09% BT FLFRATE T 2092 F A AlEAT ¥ ATUSATSSS
FFATE sk [SMre (AR AL ST o1 TRYHT 81 | ATHATTAT ATS THRBT GATATEIbeR! IR (47
T gAF ITAR fadTHT REaar T ad GHTE AR ¥ JeAF ATIITT THEHT  qraadl {9 T
FraEar qrehl W ST ¥ Fe FEEE AGURT (AT | AT ATATAR 7T 3e9d Arebial T NIRRT
TART I AT 90 fadeer fadwii T @ O | A SEeara AT Sl AT iedl fardrEr
FEHT 0490 T U AT /& F1 R Fear-ged THeH TAN TRUHT 037 | A1 dgeaare
qEATCHE ETHT AT @IF FH, A1 Jgay SATET ¥ IATATE HIEHT FT=A0T T §¢ SATaT gl | o
TR AT GIARIET ST (dreel [Tl AR ATHIAAT Sraiiargerd &l HIAT Udehl) T FERH AU
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feraTamerT AT ARIRUHT FEITHT Tw_T IR TG 30 YAT AT BIARTA FH TEh! TEAT | A T
FAFTAETE Ureal fordm @ 0-9% TA.UA. / [ 1. F@RIHT IAMAT (HATS GaATIaT IATAT 7 HIEATH
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Intergenerational Mobility in Occupations of
People in Rural Nepal

Badri Aryal (RUS-02P-2015), PhD 2022
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Durga Devkota, PhD)

Intergenerational occupational mobility is one of the important areas of scientific investigation due
to the recent trends of youths leaving parental occupations to take non-farm employment. This is
one of the important and interesting research topics in the world context. However, such kind of
research in Nepal is scanty. The main objective of this study was to examine whether fathers and
sons have been adopting the same or different kinds of occupations, and what kind of attributes
define such continuity and/or change in occupations across the generations. The next objective
was to explain what father, son, and household characteristics influence the adoption of non-farm
occupations of individuals from farming to non-farming activities. A semi-structured questionnaire
was used to collect information from a total of 385 father-son pairs in Gajuri Rural Municipality,
Dhading District, using face to face personal interview method. Binary logistic regression was the
main multivariate analytical method used to test research hypotheses. The findings showed that
with reference to farming fathers, the sons of fathers having salaried jobs, business, trade, and
wage labour work were less likely to adopt different occupations than their fathers. The findings
also revealed that compared to the sons of non-farming farmers, the sons of farming fathers were
more likely to pursue different occupations than their fathers. Son’s attributes, such as level of
education and migration experience, had more powerful effects in determining his own occupation.
Hence, the findings of the present study can help design policies for managing the labour force
in rural agriculture as well as suggest in promoting opportunities in non-farm related sectors of
the economy. The findings also suggest that promotion of attributes of socio-economic equality,
including education and rural infrastructure facilities become instrumental to keep up occupational
mobility across the generations.

ATSTohel JATESHT T F T9T BISY 37 T BT T977 1 gafd age TReehTer srvaedear JeTRTa afead=
IAMF AAATF! TIeT Weed ol a7 AGanal fawreasd & | aufy Taawr Jeaards dea"es ard
qUHT I | T JSAHAT AT AATTEHN a2 HEA SL9TET B | STAHH Tleedl Iged Al FaT T
BRI T FH ATAT Tk GTAT & HAT Feoed A9 & TeS | 39T, @ T R B Agar
TR BT TR T S FITATS FA-BA PRUEEA TG AT TE@ T &7 | T8 AAATHN AT
USR] ATVHAT FILT A TTS(ET TS UTABTHT FTEHATT T SAThesedTs JeATaiaas Aergar 2m |
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afsitasd RIgT = FFgar gheda? fafagrr fqeewor Wy iqsn Heiauer &1 | A=l [
HAIR T T T FATH GRIETH JAATHT STRTY, SATAR AT T AGAT SATATR HTH T FATH
BRIET AT FATH T FH SIS AT | BRIES BT T GEA FaHAT 2aT BT T T JaATHT
BRI =T Y BT TN T FATHN GRIET a6 BT T STSHT ASAT | ARTITHT TF AT o g@TaT

a9 ATE AT GIAIITHT T P A (T SRIEES FATS TN T qRATT TS X AT T
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TN AU ATHFRES Hed GRTET I HITFES ST&d IHH! T8 T THSHSA bl Y foyeieor
T FRHHT df¢ FEcd TUHT LAl | T TATAH! ATTSATH ATIRHAT F SFF] TR AT
TIT X FT &HT TSR AAERET HoT T JIAH a5, | TATFR FaT ¥ [T gRreed 9=
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Genome-Wide Association Mapping of Foliar Diseases and Grain
Nutrient Concentration in the Global Collection of Barley

Bhanu Bhakta Pokhrel (PLB-02P-2014), PhD 2022
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Madhav Prasad Pandey, PhD)

Barley (Hordeum vulgare L.) is one of the founder crops of modern agriculture, and it is important
for human nutrition, livestock feed, and the production of malt and other value-added products.
Amongst the various barley production constraints, biotic stresses cause significant loss globally,
of which stripe rust caused by Puccinia striiformis f. sp. hordei, and spot blotch (SB) caused
by Bipolaris sorokiniana (teleomorph: Cochliobolus sativus) are important for the cool-wet and
warm- humid production areas, respectively. A global set of 336 barley germplasm was evaluated
for stripe rust, spot blotch resistance, and grain nutrient concentration during the 2016, 2017,
and 2018 crop seasons. For stripe rust screening, two disease hotspot locations in the mid-hills
(Dailekh and Dolakha, 1350-1740 m msl), and for spot blotch screening, a warm-humid location
(Rampur, 228 m msl) were used. In all the locations, disease screening was performed under the
natural epiphytotic condition standardized with susceptible and resistant checks. Grain protein,
starch, Fe, and Zn concentrations were analyzed using samples from the Dailekh and Rampur
locations in 2016. Genome-wide association mapping was performed to identify the significant
marker-trait association of stripe rust, spot blotch resistance, and higher grain Zn, Fe, starch, and
protein concentration. The disease screening results revealed that 49 genotypes at Dailekh and
45 at Dolakha have stable stripe rust resistance (R-reaction). Across the years and locations, 11
genotypes (AM-90, AM-146, AM-182, AM-192, AM-200, AM-202, AM-203, AM-250, AM-263,
AM-264, and check- Bonus) were resistant to stripe rust (R-reaction). Three genotypes, AM-128,
AM-188, and AM-321, showed a high level of resistance (R-MR reaction) to spot blotch across
the years, and 34 genotypes consistently showed a moderately resistant reaction (MR-reaction).
Regarding the grain nutrient concentration, 10 genotypes at Dailekh and 6 at Rampur had high
Zn concentrations (>60 mg/kg). Thirty genotypes at Dailekh and five at Rampur had high Fe
(>70 mg/kg) concentrations. Forty genotypes at Dailekh and 23 genotypes at Rampur had high
protein concentrations (>14%). Two genotypes at Dailekh and three at Rampur were identified
with high starch concentration (>60%). A genome-wide association study (GWAS) is a research
approach to identify genomic variants statistically associated with a particular trait. GWAS for
stripe rust resistance, spot blotch resistance, and grain nutrient concentration based on 6,519
SNP markers uniformly covering the barley genome identified several significant marker-trait
associations (MTAs). For stripe rust resistance evaluated at Dailekh, 9, 11, and 9 significant MTAs
were detected in 2016, 2017, and 2018, respectively, and pooled across the years, seven significant
MTASs were detected. The associated markers for individual years accounted for 3.4 to 9.1 % (R’
value) of the disease variation and 3.3 to 8.9 % of the variation across the years. Of the MTAs
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for individual years and pooled across the years, SNP marker BOPA1 7302-240 was identified
consistently and accounted for 4.1-10.1 (%) of the disease variation. Similarly, at Dolakha, 10, 15,
and 6 MTAs were detected in 2016, 2017, and 2018, respectively, and pooled across the years, 8
MTAs were detected. The associated markers for individual years accounted for 3.3 to 14.0 % of
the disease variation and 3.3 to 6.7 % of the variation across the years. Of the MTAs identified in
the individual years, SNP marker BOPA1 6833-658 was consistent across the years and explained
3.6 t0 5.9 % of the disease variation. For spot blotch resistance, 12 MTAs were detected in each
year (2016, 2017, and 2018), and when pooled across the years, 9 MTAs were detected. The R’
value of the associated markers for the individual years ranged from 3.4 to 5.9 (%) and across
the years from 3.5 to 4.9 (%). Regarding the grain nutrient concentration, at Dailekh, 2, 3, 4, and
8 MTAs were identified for Fe, Zn, protein, and starch concentration, respectively. At Rampur,
2,5, and 4 MTAs were identified for Fe, Zn, protein, and starch concentration, respectively. The
MTAs identified for Fe concentration accounted for 3.4-5.1 (%), for Zn concentration 3.4-4.5 (%),
for protein 3.2-4.6 (%), and for starch concentration 3.8-14.2 (%) of the variation. The barley
germplasm used in the present study harbors a good level of stripe rust and spot blotch resistance,
and the resistant genotypes identified in this study can be utilized for barley improvement in Nepal
or other countries with similar growing environments. Similarly, the germplasm is useful for grain
nutrient improvement, especially for Zn and Fe concentration. The genomic regions (MTAs)
associated with the stripe rust and spot blotch resistance against the prevalent Nepalese races and
those with the grain nutrient concentration can be used to identify candidate genes or QTLs. The
significant SNPs can be used for marker-assisted and genomic selection after validation.

ST TS WA Gl T TPT GASTwaT AT ATeldl T e ¥ T9aTs el HTHl T
HTERRTEATRT FTHT T &g | @rar=, qeaeiieT g, fafa=r diftes qeg @™ uaw 99 gardes
AT AT P! TANT Feored HATHT 8w, | S aTedl IeATad &l AgeARe fafae seicewars farer
fareaeamdt FUAT 7 3@ 9T HET X R q2T AEE, TETST SATHIAT T qAT 16 HIOHAT A1 &9 {2
I (FRF G- LR FARIE 8SE) U7 aRISH Al 9T qTE WA qR AT
T (FRF TAT-ATSAATRE AR, SAATHE Flaaararad erdd) drs /e =g | fagaem
fafq=1 TerEware Fham TRUHT 335 T2 AAeeATs AATA H ATHA qRUEG AIdb] JA=
HTIATT H5eeHT el q¥ad 095, 2099 T9T 09 AT AT AT TRUH {947 | g9 fage
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Genotype Evaluation, Production Practices and Post Harvest Mangement
of Tomato (Solanum lycopersicum L.) under Seasonal Heat Stress

Tika Ram Chapagain (HRT-04P-2016), PhD 2022
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arjun Kumar Shrestha, PhD)

Tomato (Solanum lycopersicum L.) is mainly cultivated during the winter season in the plains
of Nepal. In the spring-summer season, the higher ambient temperature constraints tomato
production in plains; however, the market price remains higher during the season. Adoption of
heat-tolerant genotypes, appropriate production practices, and postharvest technologies are key to
maintaining optimum productivity and quality of tomato fruit under a seasonal (March-June) heat
stress environment. With the objective of finding these technologies, three different studies were
conducted in 2018 and 2019 at the Department of Horticulture, Agriculture and Forestry University,
Rampur, Nepal. At first, nine genotypes viz. AVTO-9304, AVTO-1314, AVTO-9801, AVTO-9802,
Florida-91, Celebrity, Pariposa-4102, TO-1057, and Srijana were transplanted in the first week of
February. The experiment was set up in a randomized complete block design (RCBD) with four
replications. Analysis of variance showed significant differences (p<0.05) among all genotypes for
morphological, reproductive, yield attributing, and qualitative traits. Genotypes AVTO-9304 and
AVTO-9801 were early flowering (28 DAT) and picking (74 DAT), while Florida-91 was late (85
days). Similarly, the highest number of inflorescences per plant (54) was found on AVTO-9304,
followed by TO-1057 (45). Fruit setting percentage was highest in Srijana (54.76%), followed
by TO-1057 (53.71%). Determinate AVTO genotypes, along with semi- determinate Celebrity
and Florida-91, had the minimum fruit setting percentage. However, all tested genotypes had
productivity above the national average productivity of tomato (19.30 t ha!) in Nepal. TO-1057
produced 110.60 and 92.62 t ha' marketable fruit yield in the first and second year, respectively.
The highest number of fruits per plant (88) and medium-sized fruit (58.10 g) contributed to the
highest mean productivity (101.60 t ha'') of TO-1057. The lowest mean marketable yield (32.9 t
ha') was obtained from AVTO-9802.The marketable fruit per plant was positively correlated with
fruit yield per plant (r = 0.99), followed by average fruit weight (r = 0.79), plant height (r = 0.39),
inflorescence per plant (r = 0.32), and fruit diameter (r = 0.25). The GGE Biplot analysis indicated
that TO-1057, Pariposa-4102, and Srijana (check variety) were superior for fruit yield and other
major yield contributing traits. The highest amount of total soluble solid content (4.90 °Brix) was
observed in AVTO-9801. Genotype ‘AVTO-1314’ had a significantly higher amount of ascorbic
acid (25.20 mg 100 g™') but statistically at par with AVTO-9801, TO-1057, and Pariposa-4102. TO-
1057 was identified as a highly productive genotype suitable for cultivation during the summer
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months in the plains of Nepal. However, considering the popularity of Srijana and its genetic
superiority, both TO-1057 and Srijana could be recommended for summer season cultivation
in the plains of Chitwan and similar agro-ecological regions of Nepal. The second experiment
was conducted to increase the productivity of tomato by reducing root-zone soil temperature
by applying organic mulches and shade net production practices during seasonal heat stress.
Therefore, Srijana variety was further evaluated for yield and quality of tomato fruit under three
levels of organic mulching (rice husk, rice straw, dry grass @ 10 cm thickness), shade net, and no
mulch condition. The experiment was conducted in RCBD with four replications. The production
practices significantly affected morphological, reproductive, and yield traits of Srijana. Srijana
gained the maximum plant height (317.58 cm) under shade net, while the minimum plant height
(208.34 cm) was measured under the no-mulch condition. Moreover, organic mulches were not
different for plant height. The highest fruit setting percentage (61.70%) and number of fruits per
inflorescence (5.22), average fruit weight (46.56 g), and fruit diameter (4.99 cm) were recorded
from rice husk mulching. Fruit yield is positively and significantly associated with the number
of fruits per inflorescence (r = 0.78***), fruit diameter (r = 0.65%**), and average fruit weight (r
= (0.56***). Rice husk contributed to the highest mean marketable fruit yield (95.68 t ha!) over
the years, where the yield was 96.52 and 94.86 t ha! in the first and second year, respectively.
Higher values for total soluble solids, vitamin C, and pericarp thickness were observed under rice
husk mulching. This production practice provided the highest net return (NRs. 20, 46, 430.00 per
hectare); however, the benefit-cost ratio was highest (3.59) under shade net. The notable difference
for climatic parameters (light, temperature, relative humidity) and soil temperature was observed
between shade net and open field (mulches) production practices. Monthly variation in illumination
in the shade net ranged from 23.46 to 40.06% compared to the open field. In terms of average
monthly maximum temperature, the shade net reduced the temperature by 2.58°C as compared
to the open field during the afternoon. Likewise, the daily variation in root-zone temperature was
3.79, 2.37, and 1.47°C in shade net, no-mulch, and rice husk mulching, respectively. The present
study revealed that shade net could not maintain illumination, air, and soil temperature and relative
humidity at the optimum range required for tomato. Since the production alone is not responsible
for the higher profitability, the maintenance of optimum quality during postharvest is also an
important factor. Therefore, a study was conducted to evaluate the postharvest life of tomato fruits
of five superior genotypes (Srijana, TO-1057, Pariposa-4102, Celebrity, and Florida-91 identified
from a previous study) on four levels of CaCl, concentrations (0, 2, 4, and 6%) under the modified
atmospheric packaging (MAP) method. The treatments were laid out in a completely randomized
design with three replications in 2018. The result revealed that the highest physiological loss
in weight (PLW) (11.07%) was recorded from 0% CaCl, concentration (control). The highest
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weight loss (11.94%) was observed in Pariposa-4102. The 6% CaCl, concentration offered the
longest shelf-life of 26 days, maintaining the shelf-life of Pariposa-4102 and TO-1057 for 30 and
31 days, respectively. CaCl, did not significantly affect the color development of the fruit after
harvest. The genotypes varied for physico-chemical properties, titratable acidity, and vitamin C,
but they did not differ due to CaCl, application at the termination of the experiment (final day).
Due to improved shelf life, reduced PLW, and maintained superior physico-chemical properties,
6% CaCl, along with MAP, is recommended as a commercial postharvest treatment for tomato
under high temperature storage conditions. Additionally, the use of calcium chloride along with
modified atmospheric packaging helps to increase the postharvest shelf-life of tomato under higher
atmospheric temperatures. TO-1057 is suitable for long-period storage. From this study, it could be
concluded that the selection of high temperature tolerant genotype is the best option to minimize
the negative impact of heat stress. Further, adoption of appropriate production practices could
significantly make differences to enhance the productivity of tomato. Identification of a tomato
genotype (TO-1057) with the highest productivity as well as storability is the key achievement of
this study.

TAHST, THTABT TS HITHT, HEITAT SATSTATHAT Gl g, | a8 qdT NS AT, T &1, argeh
ATTHH = g gATA TAH D] ICATEA T GHEAT §7, T, Ith AAIHh! JeATal STARAT 3= A
I TS | AT ATTHTAES HIEHHAT, Io JMIHA Tedl A1, STAh AT AT AT JTATTATIRTT
& Yratgeh! qie=nd ¥ GHIATSTAETE ARSI IATET ¥ IR SFTLATIT T A STR JTeAed
FETIAHT TTT T A AT T Ffebess, | AT Frafaes eiae T FJEeael BT qar av favataarast
FARTATAT FHTTHT A FaT F¥F ATTITARIIEE (4.9, J09¥ /WY (AT 095) T 004 /% (T 209%)
T g% AUAEH FEATAA AT | GEAT, oA ATTHH Fed G GEATAA] TUFT AAASTRT AT q2T
Sraes A g fa e - q30y%, uwhrfear- 939y, whsfe s - o509, wiqfe s - qz03, Afaads,
FAMET-Rq, URHET-¥903, fa 31 -q04 e ¥ JoITdTs [arlesdl S=d dIaHhf Fed &wdl TeATH AT
ATEHT ATTH (RLTR! dledl) FTHT aAi AT qRIE0 TRAT | 7 TeqT IS HIgse Hive oA
festre fafaare IRTewEar TEAl RIS Forad AT | T AFATHT, AT FIqeeh! AR, ToAAT
FAT JeATEAT UEEHT faeTar Tear qrear | Uit fe s -:30% ¥ 450y Waew f@er me (ks fam)
T e fa (9¥ fae) @rersr sfaw 99 weiver-2q wedwr fedr oy fa) W | @, wew 93
TRt &Y u i fe e -2 30% (¥ ufq &) w1 fawfaa s oaw fesi -qoue (vy afq dre) stz
AT | ABE WAl FATRY Fo &THAT (ool ATTHTH HEe SATgwedl HET o) FoATHT (4. 9500)
T dfg fgar 99 f 31 -q0% e (43.%900) Afed ST TaTTHT TEAT | Afagdl ¥ RS- amaa
T f7.fa 4. TSR B ATAES T el A giqerd %9 IfEdr | 99T, g STagse! JcdTadhed ST AT
TMAHSTHN AT JeaTashed (99,30 T Uid &) =1 9% W@ °rgar | fa 3 -qou s Sde dJfer oy
90.80 & Ul &, AT A9 4.4 oA Ui 2. TR FHIAT AR AM6 109,50 TF WA #HR qAARANA
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Ieared fadl | S=aaH Ieaed g, 9iq Al weAsdl F@IN(c9 &) AT AEFT qe (X590 IH) THE
FIROT TN TTEAT | APl AT AT (0.9%), ATl FJATE (0.3%), Tkl TFTHN TEAT (0.33) T THeAshl
AT (0.3%) BT MAHSH Fed IcAed A AFRICHE Tear=d g f@dl | SiLS1.§ agwe fafaane
et faearmorer fa o -qox, IRUTET-¥40R T HSIHTAT ICATHEHT YT I 89X [UEE FH{EUH
AT | qHE (FeAX) faeeivv fafud, Aead Icaresal arass Aol (RS AF) 3o HeAd i
gfderd, ¥l Al ¥ ATH AHIGFH Hdfed [UEedH] FRU TH Addls S IAed [ad STdesehl
AT THER AT, T, T HIGHBT AN ol TR 1@l | Hetehl TURAy faeeioor Tar,
HerdT qur gerefier S arder " werdwar ate (¥.ko feifr fawn whife st -s0q wr g v
u P fe e -q39y Straer foa= & | (v.¥s) 9% grgar | faertae faowr e o feen 93y
(R4.30 faam. gfd qoo um) 7 feai-qous (R3.3¥ fram gfq qoo I &I~ I=T wr=AT | I
fa 3T -qOoY© T dThT aATaAT (YRTHTIh] HIETS) AUR IJATEAIRI=T ATHT FHT & Fiep @l |
JEAEA AT T HATRH fedrae qia fe 3 -qou are qawwr afe .34 4R, ¥ou 9fq &dex HATH
AT | TET WATHT ¥ ANTART B0 AT (§.94:9) THT AfE SAGH SY ALAT | FHIHT, HHH AR
®e, o9 ICATEH, SCATGHATIRI=T ATHI HUSRYT &THAT ATT AT HATHT THA Ir@Uehie, fa 31 -qo%©
forcraveT THAR qAT XA TeR{APT STeTaTg, TUHT SISHT QI ITATH 1G4l | Gfger T ST gieeqor o
FHIHT T Ueb T [Eog  Forerd TUHT fa7 | i aiverord T, yramiver Srarasor ¥ Sianer Sies?
TMTAHT JATET AATAEE TTAN STl RTh! FITLNRI ATTHTAATS FH JAT (R ITEESA, Tl Tl
AT | THHT AT, FoAAT SAAHT MAHSTATS A TR TR STATAR0T (TR &, dTHH TR
T FHFHT GI) T FPATIH ATATERITT TAT T T TR ARG g5 TIGEH G AT | JeAaT
ATAETA oIl 1g (BT, TSI qIT IATEhcd FFT=d [UEEHT THATE TTehl Mgl | Forares!
TS PIATER STereR faa Gt a1 (398 4s I T grararor faare @ea Fa9w=T &9 (R05.3¥
) T | AT IEEHT THRF GATaRUEd i FGT 9 3@ WA | gl T TANT Tal
T AR FIATT (£9.9000) TN ekl T Ui I3 (X.33), FeAP @ dd (Y& %& IH) T
TarE (¥.%% .0 q@ g T Y IAEA q@ 94T | 9fq 95T wAw G @I (0.9 5ss), Hawl
AT A T TS T BABT FATGT W Fed@TT THRICHE Tedqva=d g Iaar | aTepl TEehl
AR AT Tieal T AT a9, HHM RLUR T R¥.5% T Ulq FHR IR HE FHUAT GoTATeh|
ICATHA QY &5 T TG ZFR T@AT | TAHT ATY Heehl VAR HIGF Hed U geA=efTe 3 TaTdet
Ty fgarfae fa afF eTeeT THeRT SrATEaRT ACRT AE USAT T JIAHT HeAh] AT THA ATAT TTHT
qEAT | T SATEH AATHATE FeATwIT Tl G& FATRT (8. R0,¥% ¥30) T FIAER SATTH HATRT 2
ANTART ATATT (3.4%:9) afe IFGaAT | FAHPT DRITHIES (FH1T, ATTHT, AT ATFAT) T AT
ATIHT FH BARR ANAERITT T aTfey IJoored fT=Iar Irear | Tererel gfafte Fraer sifaarias
ATeedl JAATAT A AfEATREAT I3.%¥% M@ ¥0 0% GIqeTdesd HIA JaeT Tl UTeal | dAcAtdsw
ATHHPT AGF FAT AT 23T, BPATRR ATATRS ATMe<hl JATHT fagqTehT THIAT U e

~

Y. I AIIHH BT TR USAT | TATSTHRT TIETHT [GTHIRPT ATTHAHT FTaelTd FerTwaT aar, 15
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T T AT FH A 3.9%,2.39 T .¥9 feifl . SR TANT 7B, SFATER SAMTeRITT
T Gl HH FATERVHT qedl | T8 ATIATTHT TANT TRUH FARR AMAUR Tebrel, qATTHH T
AT ATEATRT |IAT MATSTAATS FATAH & TAHT A ITCT Tebd | 3= ATIHH qed A1 T ITIH
IR AATHETA IATEA T dEISH dlhrg, AT IF a1 AT = YqAhel YT T HSA g | ITaA
T IATGHATIRIT AR BTIH AT THT A& S, | Ja, o7 qieeqorered®r, g qizerorar
JATEAH ATIRAT IJebee ar=raar sraes (fe 3 -qo s, IRaEr-¥qo3, Ffeadl, waArfsr-2q ¥ =)
ATE ICATEATIRT I[URAR FIAH TCT FMGIH FARTeSH =R a2l {9+ FET (0, R, ¥ T & qiaerd) o
ITER TR ATSHIZS UaHEGRRE ATHASHT @7 | AT YRE HiFde I0eHTgse [diaar dacs
TARTET T H 4T a7 [qeaiaaraae! anran FaARemardy 6.8, 208 (9 R095) F=ad TR
T | P FARTES A HAR] JTAR T AHSTHIHR Akl T [T T 7T U ATAHe AT
WYk I SREAT | A, AT AEe MANSTH ATAeedl THT MR T8 aredr | IR Fafadr, &
I ITAR AXHMET (FeEd) AT qfeet (99,99 GfAerd) FeAsl qe Tl qear | A, Saeear
YT T qRaT AGHTATAT (99.%% FATA) oAbl el Tl USAT | FTAGH FARTSSHN & GfeTera
P el SIAR &S T FHA ITAR A AUSR &M FHAM % ¥ 29 faq dweror 7 @by sfgam | o
HHEATH] IR & JRATE-¥q0R T {2 #1.-90% @18 Haew 30 T 39 {7 &Reqor 19 Afebe e |
QIRETUTeRT ST, AW TEehl aTeddae Uiateds ¥ faartae fa 1 Armr smafaw FdRgesl &7 997
TG A | T, ATAHAT T A 2al 9 I 8% AUSRUR! AfwaH fod q¥H ITARTIRT fguat
L | ATHT FHT TR 7 Ficbe T MR FHA FAH T8 gATd RTAEH FAREEH & FIqercepl
Hiefepl g fafg der fo st -qous Sa Suaeh wusl ey fHepferar | ard, Fefas RS T
HITSThIZS UCHAhIE DTH TSP AT, I=F ATThH g FIAHAT TS TTATSTHT TUS ey
TFATSH Alh IMAUH G | TF ATIAA I=F ATIHHA FALTIAR] AT ATTHA T T STl
ATET AT Hecdqu fqebed g [Aehy Ao @ | Seared gl JanTeTe aHd Icaashed
QST ATk IGAT | I=F IcAEHA AUH! ATAATS STIThH TG AXATHH ITART T I IJATIhcA
TATIH ik FHTAATATS T AATA ATATTRT T | Ioo JcAGehed T ATHT HUSRY ETHAT TR TIE
T BT T T T AAATHT T IUATE & |
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Characterization of Trichoderma Isolates and their Bio-Control
Efficacy Against Collar Rot (Sclerotium Rolfsii Sace) Disease in Lentil

Pratishtha Adhikari (PLP-01P-2017), PhD 2022
Department of Plant Pathology
(Chairperson of the Advisory Committee: Prof. Sundar Man Shrestha, PhD)

Lentil is one of the most important pulse crops in Nepal with export potential. Lentil seedlings are
susceptible to collar rot disease caused by Sclerotium rolfsii. This pathogen is soil-borne in nature
and can survive in the soil for a longer duration with the production of sclerotia. Trichoderma
species are endophytic plant symbionts that have high antagonistic ability against a wide range
of plant pathogens, including S. rolfsii. They are also reported to parasitize sclerotia of S. rolfsii
present in the soil. One hundred four Trichoderma isolates were tested in vitro to determine
the effective biocontrol isolates against S. rolfsii in 2019 at the Department of Plant Pathology,
AFU. Of them, 30 selected Trichoderma isolates were used to study their physio-morphological
characters, biocontrol potential against S. rolfsii in the screen house, and sclerotia parasitization
in vitro 2019/20. Promising, four 7richoderma isolates were used to study their ability to control
S. rolfsii in the field, and parasitize sclerotia present in the soil. Selected 9 Trichoderma isolates
were assessed for their effect on lentil seedlings under physiological stress conditions. Similarly,
five Trichoderma isolates were evaluated for their ability to overcome abiotic stress. The survival
ability of the Trichoderma isolate in seven crop residues was studied for six months. Similarly,
seven solid substrates were evaluated for the mass production of 7richoderma inoculum. Liquid
and powder formulations of Trichoderma conidia were prepared, and their viability in ambient
and refrigeration conditions was evaluated. S. rolfsii were isolated from eight crop species, viz.
rice, lentil, rajma, onion, chickpea, mustard, soybean, and chilli. Physio-morphological characters
such as mycelial growth rate, number of sclerotia formed, size of sclerotia, and number of days
required to form sclerotia were studied. Cross-infectivity of the isolates was done on the seven
crop species in artificially inoculated soils in a screen house. Thirty Trichoderma isolates were
found effective against S. rolfsii in dual culture, and they were able to colonize the sclerotia of
the pathogen in vitro. In a screen house assay of selected 30 Trichoderma isolates, all exhibited
good percentage disease control. Trichoderma isolates T, Bhaktapur, and T, , Banke showed the
highest percentage of disease control and percentage yield increase in the field conditions. All four
isolates used in the study for sclerotial parasitization were effective. Trichoderma isolate T, Forest
soil, colonized 22 sclerotia, and about 16 sclerotia were unable to germinate when tested in the
laboratory. Under stress conditions, Trichoderma-treated seed showed improved germination, root
and shoot length, and dry and fresh weight of root and shoot of seedlings compared to untreated
seeds. Among the Trichoderma isolates, T, a forest soil isolate, gave the highest vigor index of
seedlings under both abiotic and physiological stress conditions. Seed treated with 7richoderma
isolates showed significant high percentage of germination than untreated in the presence of
Sclerotium rolfsii. Rice straw was found to be the ideal crop residue that can harbor the highest

Directorate of Postgraduate Program, AFU



Compendium of PhD Research Abstracts

population of Trichoderma even after six months of incubation. Mass culture in a mixture of
rice husk and rice bran (5:1) was the best for immediate use, whereas mass culture prepared in
finger millet grains and sorghum grains was ideal for storage and future use. Conidial viability of
Trichoderma was high in powder form in both ambient and refrigeration conditions, and decreased
viability as the storage time increased. Physio-morphological characters of the S. rolfsii varied
among the isolates. All crop species tested were found to be susceptible to all the tested isolates
except the onion isolate. Rice was resistant to almost all isolates except rice isolate and chilli
isolate. Germination percentage was greatly reduced (80%) in rajma. Post emergence seedling
mortality ranged between 10% in rice and chilli and 100% in chickpea, mustard, lentil, and Rajma.
The results of the present study indicate that the application of antagonists provides a consistent
biocontrol of collar rot diseases in lentil. For reliable biocontrol of this disease, the application
of the antagonist requires appropriate and economically feasible nutritional support with proper
substrate for proliferation when introduced into the soil. Similarly, Trichoderma can be applied as
a seed treatment to increase the seedlings’ performance and reduce stress.

HORT A= ATHGA FOMETAT 87 | fafae gt S/ I9Tesd HERD aTcilhl IcaTamdl Jegel aer
RIETTHT AR TATSS, | & T FFHEBT HAI ATl ShoRGMAH AT qTHE gUIaTe g7 ha Ferd
TRTRT AT AT FARTeMNA G | AT TSl AT ST STl F-ATAT IAT TheRGIH’ IATET T aal
HIETHT ATH THT TF0 dqTeA qa8g | AT AT SThISHl ATHE 7 gdrel Jam e Sifad faeror
T afeg | f9.8. 09 I 09z T TF AAA THT 4T | T ALIATAT Q0¥ AT IZHISHT
AreraTe Ee AT Fedr IdE AIAE SRREEH Aehdls [qeg TAN TRUE 99T | gud
Fed? TET IUT AT I@ITHT 30 T2 TSHISHT ATGATAET d7 ALAT ] GRIATIH Teaargen
Tfewerr forv | AT 30 W ¥ FAT ITSHISHIR ATSHIACES, TTHT GAAT SAfdd (HT=AT T ThelIGTAT
CIRTATEEAGA AATH T TANT TRURT 92T | A IrghTgared! Ge<l, WA [FSH g J8Ree AT
Tfewerr fot | g i fafg=r g ATl AF9TETHT TgRISHIR & HEMT I SET @ a1 A%
e i srerae RUEr R | AT SRS TR WA ek T O g2 ATl ATITEE TAN TR
HAAT AT | TR TG AR ATSH ASHISHIGRT Siad [HI=A T ISHISHIB! [arq= &Har
FHEfeg MRS ALTATHT, 0¥ ATZTHE HeA AHIRATE ATUH ATSHIGHT IRTHN AT fa%g adr
JATIHIT TEehT TSI FT | eABaTHT THT Ak A= T@TST ARl T ISHISHT ATTATAET
TR AR ATSATS (a0 T o T TRREET I IRIEEES 9 99 &Hal 9T qrear |
Y T WHEE AALATHT SZHISHIHT AT TEd HATTHT TTSPISHTA I TLWALE TG T ATl
IATHT 1§ RIS @ITH B, | TTSHISHIH! HIASIAT GTFRT WIAHT & AfeATAS, 99 3= Taehl TR
ferdT | e aTIeRT gaT ¥ RN FHAVHT ITSHISHIHT J1g T @R T qovd AMETHT AFLATHT YA
AT T Al AATA SETTHN B, T Hebebl @IS T SGHT AT, FIET ¥ APl (a0 afg g a¥
&Y FITSIT g TUHIS Hie THT TUSRU T (Hed ¥ G AT TAN T4 (0 SEITH g | fafge
ATATATE (HPTATTRT TRIETTH AhHATIHT THU ATSAICIIEE, T AT ATATHT Tl qTSTHT 2T |
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Nutrient Use Efficiency of Maize (Zea mays L.) -Wheat
(Triticum aestivum L.) Cropping System in Mid-Hill of Nepal

Nabin Rawal (SSC-01P-2018), PhD 2022
Department of Soil Science and Agriculture Engineering
(Chairperson of the Advisory Committee: Prof. Keshab Raj Pande, PhD)

Nitrogen (N), phosphorus (P), and potassium (K) are the major nutrient elements that frequently
become limiting factors in field crops. A poor nutrient management technique results imbalance
in soil nutrient status, creating a long-term negative impact on crop production. Despite very high
phosphorus content in soil, the response on addition of phosphorus has been observed. A study on
P mineralization was carried out under laboratory conditions in order to obtain clear information in
this field. Three times replicated soil incubation experiment was carried out using a 3 x 4 factorial
Completely Randomized Design to determine the effect of P levels (0, 25, 50 and 75 kg P-Os ha™)
and soil textures (silty clay loam, loam and sandy loam) on P and K mineralization in different
incubation duration (1, 30, 60, 90 and 120 days) at National Soil Science Research Centre, Nepal
Agricultural Research Council, Nepal during 2020/21. P and K mineralization patterns differed
by soil types and P levels. P content fluctuated comparatively more in silty clay loam soil than in
loam and sandy loam soil. In 120 days of incubation, P mineralization was 95.6, 112.2, and 116.6
mg kg™! with the application of 25, 50, and 75 kg P-Os ha™!, respectively. The mineralization with
the application of 75 kg P.Os ha™ was 45.9% higher than the control (79.9 mg kg™). Olsen-P and
available K mineralization-immobilization turnover showed four phases: a sharp decline up to 30
days, a gradual rise up to 60 days, strong mineralization up to 90 days, and finally a slowdown
from 90 to 120 days. On average, the pH of the soil decreased from 6.62 to 5.43 within 120 days
of incubation. A series of field experiments were also conducted to determine the effect of different
levels of N, P, and K on residual soil chemical properties, nutrient uptake at various growth stages,
nutrient use efficiency (NUE) indices, crop production, and soil nutrient balance in hybrid maize
and wheat, under a maize-wheat cropping system in Khumaltar, Lalitpur, during 2019/20 and
2020/21. A three-factorial randomized complete block design with 27 treatment combinations and
three replications was employed. Three factors were three levels of N (150, 180, 210 N kg ha™' in
maize and 100, 125, 150 N kg ha™! in wheat), three levels of P (40, 60, 80 kg P-Os ha™! in maize and
25, 50, and 75 kg P20s ha™' in wheat) and three levels of K (40, 60, 80 kg K-O ha™ in maize and
25, 50, and 75 kg K20 ha™! in wheat). Increasing N and K levels significantly (p<0.05) increased
total dry matter (TDM), grain yield, nutrient content, and uptake in grain and straw of hybrid
maize and wheat. An application of higher rates of N (210 kg ha™") and K»O (80 kg ha™) produced
significantly higher grain yields of 10.95 Mg ha™ and 10.54 Mg ha™', respectively, of hybrid maize
and significantly higher wheat grain yields of 6.3 Mg ha™ with the application of N @ 125 kg ha™!
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and K20 @ 50 kg ha™'. The mean content of N, P, and K was 15.8, 4.2, and 3.2 g kg™!, respectively
in maize grain; 15.5, 3.6, and 5.8 g kg™!, respectively, in wheat grain and 6.74, 1.8, and 8.7 g kg™,
respectively in maize stover; 5.4, 0.9, and 10.9 g kg™!, respectively in the wheat straw at maturity.
Similarly, N and P were accumulated mostly in grain (68.4—83.4% in maize and 65.5-72.7% in
wheat), whereas K was observed more in the stover of maize (70.5%) and straw of wheat (74.5%).
Partial factor productivity, partial nutrient balance, internal efficiency, physiological efficiency,
recovery efficiency, and agronomic efficiency of NPK for hybrid maize and wheat were mostly
influenced by nutrient levels. NUE was high at low rates of their respective nutrients. Higher P and
K fertilizer rates increased N efficiencies, and the same was valid for P and K efficiencies. There
was a remarkable change in soil pH, soil organic carbon (SOC), total N, available P, and K content
of soil over a period of time with the application of different doses of NPK. Soil pH changed from
5.98 t0 5.53, SOC increased from 11.7 to 16.8 gkg™, total N decreased from 1264 to 1177 mg kg™,
available P-Os declined from 214 to 63.6 mg kg™, and available K-O decreased from 71.7 to 24.8
mg kg™' with varying rates of NPK after four cropping seasons. Furthermore, partial, apparent,
and net N, P, and K balances were predominantly negative in all the fertilizer treatments; however,
the magnitude was lower under higher nutrient rates. There was a positive partial N balance with
higher N levels. Crops were more responsive to N and K fertilizer application, but the efficiency
of N and K fertilizer application was decreased when P was applied at a lower rate. Quantification
of NUE under varied levels of NPK in mid hill condition is the novelty of the research. Nutrient
content in grain and stover/straw obtained from the study can be used as a reference for estimating
nutrient removal from the soil with the use of the yield-based technique in other experiments
related to maize and wheat. The depletion of native P and K pools even at higher application rates
was attributed to higher crop removal over time as compared to inputs, and hence continuous

application of balanced fertilizers is crucial in maintaining soil fertility and crop productivity.

AT, HERRY ¥ TIEGTH ATl IATGAH AN AATALE THE GIUF Tcdes g, SAHebl AATT
U1 AR ICATEd AR 6 THE PR awg | TUE dcd AGedTITed] FASR ARTEA HIaHT

UM TeAgEd] AGIAT (AT T SHBAT EGHT STl JATGTAT ABRICAE THATE e | HIEHT
FERRAH AT I=d AT dHH 99 FERRE A FAN & ATl GhRICAS Farmar s@rg
TR TS | T AR T AFHRT YT T FERRY GIToThul el Teqad FART]
FILITHIR T FoaTad TS a7 | T9T BT Aaeard qRug dwiq afted #iel fase @
FrH] T R030/39 HI A9 Aeadhdd Fied 3 X ¥ uncHs AT (9. fa. (9. 92RT T A SeRerE
LT FoATAA AT | T TATTHT TR TSR FERIRY (0, Y, YO T WY &5, Ifq gaax) qgm diA
TR ATl gATEae ((Fedl o A, AH T QTeal AMH) & J7F fara= gererad dafaes (9, 30, €0,
20 T 930 fad) AT FERRE TAT GEIGTH GIASTHLITHT FEdl Te Hel HeAaTs MU 92T | deqgeer
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FERRY T GIEHaH @ISRl S HIEh! Jeb¥ qUT HEhRHH! HAT ATER H¥eh g <@ral |
FERREAD AT (Fedl & A AEHT @H q97 el AMdb] JAATH del IARASE HUH TSl |
R0 el TRIEFAUNG FAC: Y, 40 T WY H.S1. HERRA Uid gae? JANT Tl ITed HEhHbI
AT QY.E, Q9.3 T 9958 FAam ofq &S g faer | oy FST wERRE ufq dFevel yEnTEre
I @ISR =07 IU=me (9R.& fq.am. gfq &.S7.) a1 ¥ & 9idqera aer {9 | fred=-u qen
IqAe AATGAHET GiASIRu-ferdrepor =% =R =ror fasifaa sfear- dfedr 30 feqaew da
fRrae, 30 3@ o feAd+H Hfa® afg, w0 2@ 2o faqgw 7 @fsirezo, ¥ 2o 3 qRo faaaw
TF: GIASHIUERT 3 T g | AT9d TH] ST U R0 fadarr @i € €3 are 9w ¥, %3 T
oy | T=AT @ISR HTATEE HIGHT Iqded Urveh qcdehl HIAT ST T qAT STl 4
qd AALAFATIN FFATs FHAT T Hecd I ARTETH TATSH AFSA | TFHT AlqTTh, T R09%, /R0
7 R0%0/3q AT ATAAIHT GHARIEIT AT FIHAT Heb-Tg ATl JUITET SA=v 1 (AT ATgareT,
FERRE T UIEagH Hel HIAEE AR ATEH AFEE s, [ aig aeaesar qus
T AT, AT0F AT ITANT &A1, ATl ICATGH AT HIETHT Gk T e HT 9T A1 AT T
HGATIG AT TNAEE Foara TRU | A7 AeAebdd qled @ IT=AR FASH AN TR o |
TEETITHT Hebehl ATNT ATSArSTART 940, 950 T 90 &S, Ufd &aeX q9T TEHT AT 900, 43¢ T Q40
& ST, gfq F4eT; BERRGHT THAT ¥O, K0 T 5O &9, Uid §dax 4T MEAT Y, YO T 8¢ &1 afq
FA2Y; ¥ ATATGAHHT HEHT ¥0, K0 T 50 &.Wfl. Yiq He qIT TEHT =W, L0 T 9 H.5. Ul gaazep
T YANT TRUHT T | ATSST T qaiaaHH] AT Jersal 9 T T AT el qeal IaTd Seqmed,
AT IATEH, G0 qdehl HIAT AT AT T IR/ SISHT G0 TAdb] ATATHT Jed@drd qig TR
qTEAT | HHHT 90 .51, ATgATaT Jid ga? q9T 50 &, 91, Wafqad qfed gae? TART &l HHT: 90,24
T 90.W¥ H.a9 Ui &4z AT ICATEA ITT AT | TEAT 9 Q=Y &5, AT 9iq 842X T Y0 & S,
areTfe® gfd g9eY AN &l &3 H.29 9fd gaeTedl SeaAdH ST ICATET T AT | IRTE qa=arH
Tebeh! ITTHT ATSAIeTH, HERITY ¥ AIETEaHET dGd ATAT FHAM L5, ¥.] T 3.3 TH Jiq &.90. qa1
TEHRT TETHT qU.Y, 2.5 T L5 ITH Fiq .51 @l (2T Hbebl SISHT FHM €.9%, .5 T 5.9 IH
gfd & ST TIT TEHN WIAAT L%, 0.2 T 90, U i %51, ATgerod, FERRE T UEHadd arsan
ATZE ¥ FERRE &I TATAT Fisad TURT (HHHT §5.%-53.¥% T TEAT LY. 4-9R.9%) If@ar a7
TTaTTa e ATTehTeT ST Febebl IS (90 U%) TAT TEHT T (9% U%) | Afs=a TUHT 2T | TH
qcd ITART TEATHT [~ Ferehess JANT TMRUHT U0 deadh] TRATE AT AUHT (90 | FTATATAT
FH HATATHT A JART & G9F Ted STANT S Gl | FERR T GIaGaHE! I=o AAT TN &
ATEESA ITANT F&TaT Al TSAl, T Tel Yard HEhRT q97 eaad IIART IFATHT 9 G |
faf= NPK Re®®! ToNTel G@ahadT WIErel U= WErel Sfqe Hread, & ATedied, IJIeed
FER Y T TEaaHH ] Feol@ATd TRad AT | =% areil HraAqis Arardl 909 ¥.%5 e L .43 |
T, HIETHT Afash HIET 99.9 a1 9 4%.5 ITH Iiq & 5. [T, FA ATZaeITIR8 ¥ a1 9999 791
9 @&, ST, AT 9T, T HehRY 9% aTe £3.§ MH.IT. 9fq & SI1. A7 W=l ¥ IUded GIelaaH 9.0
e %5 .1 ufd &5 AT gadr | AT, goae 91 9@ ATgere, HERRE ¥ GEigaH qead
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ATIHIT ITAREEHT HUTHSE 1GU, T I=a Al AIATHT AT HHIB! TATT FH (AT | I=A Argars
TRAT 9 ARTF ATgerod Teqdd AFRICHE Taehl qTeal | ATeleed [Nl qTgered ¥ qreiadd
AAGIT FEl FIAGRAT @MU, T8 HERRE HH ATEATHAT TN T&T AT T Gaiadde] TN Ferdm
TEH! IFGAT | TF APAAATE YT IAT JAT SIS/ TRIAHT TghT AT Tcashl AT ATTSHT Heb qar
TRAFRT A AR ICATEH - AR fafgare ATeaTe gad Uiud qcadkl ATHT T9 T2
FIEATHT BTH FANT TH Aiehes, | So AEATHT A GART TRT qA ATEHT I8h ITehidh HehRE
JAT I TIHET TR HHI: T2 TUHN IedT, TP HET HRU ARG AT HTATHT aTeTed
HIEIATE BaTTHT ATAT TET & &1 | Gl STHebTe &THT HIGTehT JaRIeTch BTaH ITed T feor areft
JATEA AT T Ao 7 FaeaTITH] MR AT AT ATTYAF Taehl [TRY [hIaueh!
g |
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Human -Wildlife Conflict in Buffer Zone Area of Chitwan
National Park in Centre Terai Region of Nepal

Sunita Ghimire (RUS-04P-2015), PhD 2022
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Durga Devkota, PhD)

Human-wildlife conflict (HWC) is a major issue for policymakers and conservationists due to
economic loss to the communities living in the vicinity of the park, affecting their livelihoods and
well-being. This study aims to explore the dynamics of HWC, explore the methods and techniques
adopted by local people to reduce the conflict, assess the effectiveness of present conflict mitigation
initiatives, and recommend effective solutions to reduce the conflict around the Chitwan National
Park (CNP). Household surveys, key informant interviews, focus groups, field observations, and
other secondary sources were used to collect the data. A total of 434 households (35 from Amltari,
72 from Kasara, 293 from Madi, and 35 from the Sauraha sector) living in the vicinity of the park
from the ten forest user groups around the CNP and buffer zone (BZ) were randomly sampled and
interviewed with the use of semi-structured questionnaires in the year 2020. Thirty key informants
were interviewed, and five focus group discussions were done during the study. The data were
analyzed using the Statistical Package for Social Sciences (SPSS), Geographical Information
System (GIS), MS-Excel, Chi-square test, and ANOVA. The majority of the respondents felt the
necessity of conserving the forest and CNP. More than half of the respondents benefited from
the park in a multitude of ways. However, the extraction of all the forest resources, i.e., timber,
firewood, fodder, and non-timber forest products (NTFP) was significantly decreased in recent
years. Wildlife incidence was very common but significantly varied across the different sectors
of CNP. In the last 20 years, more than four thousand incidents of human and economic damage
from 12 wildlife species were reported to the BZ users’ committee and CNP authority, and a total
of NRs. 61 million was paid as a relief to the victim’s family. Findings revealed that around 90%
reported damage to cereal crops (excluding the bird damage) with the annual loss of 260 kg of
grains per household, worth 6318 at prevailing market rates. Potato and vegetables were damaged
by the wildlife with an average damage proportion of 37.50 and 47.07%, respectively. The severity
of wildlife-induced damage to crops was significantly higher near the borders of CNP and BZ.
About 59% of households had lost at least a livestock species and poultry last year, and that
varied well across the sectors. Poultry/duck and goat were highly predated by wild animals, and
leopard/tiger and fox were the major wild animals that caused these losses. Respondents reported
that most of the wild animals caused damage mostly at night and early morning, and mostly
during the rainy and summer seasons. The intensity of appearance of the wild animals significantly
differs. To avoid crop damage and livestock loss, 12 different techniques were used regularly. A
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total of 425 (97.93%) reported that they used at least one technique. Among all these techniques,
crop guarding, shouting, natural fences, guarding by dogs, and throwing stones were the most
effective and safest techniques, but the use of a single technique was found to be ineffective.
Only 22.81% of the respondents felt that the local measures were sustainable in the future. The
majority of the respondents did not alter their crops and varieties, as they all fell all the crops were
damaged by wildlife. Rather, 45.62% left their fields fallow due to wildlife problems, though their
primary occupation is agriculture. The respondents agreed that the BZ provides facilities like
NTFP collection, timber extraction, construction and maintenance of community infrastructure,
enhancing environmental services, providing vocational training, providing annual treatment
expenditure, etc. Almost all respondents had fences in their locality, which significantly reduced the
wildlife incidence. About 55% of respondents reported that an electric fence is effective for HWC
management. Around one-third of the respondents had not applied for the compensation because
they thought there was a prolonged and difficult procedure to make claims, followed by a lack of
knowledge on the damage type, wildlife, and compensation. On average majority of respondents
(59.45%) were aware of crop and livestock insurance, but the adoption rate was very low. More
than 97% of respondents reported that there is a practice of capturing, handling, and managing
problematic wild animals. The plantation of trees and stall feeding reduced the carnivores' attacks.
There is a need for site-specific management techniques to minimize crop damage and livestock
loss in the CNP vicinity and adjoining protected areas. Electric fencing is a reliable approach to
preventing conflicts between people and wildlife, but its effectiveness depends on its design and
layout. Thus, concrete wall fencing up to a certain height with mesh wire between the national
park and community land must be developed. There should be the provision of conservation
education to communities to practice sustainable agriculture and income-generating programs that
are conservation-friendly.

feE=sTepl AN SATHIAT THTETE T AHITTEwH] AdF Afqehl RO Afd AT Ta1 Requag
FEEN AN AHI-T=Ie=] 35 TSl YHE HET a9&l g | Jdd Ilewdl wifad Hae T feders
IR TR B | Foaqa aftcd fEss T a9 Wt S aRIRET TEETE e ATTHT G AT AR
YUEATE FA ¥3¥ RYRAR (ATAIETE 34, FAETE 92, WIS %3 ¥ TRIET e 34 1) a8
090 FTAHT HITRIAT FIATAR! FANT TN Avqarel (AUl o2 | eaawerl qe9 are 1 e
SHHR faiemd AeaRardl (aeual f9ar T ai=der FHea afq gawa TRAT | AAiad asrew
fata=r qearsr fafg 9ART T qers faeewer Aiedr | Sarw fedeeaer Ataewierd a9 ¥ faaad aftea
[HeB=ST HXEH ATALTHAN HEGH T | SATh (Ig® Hed ATGT9=T deid Td (ks T g a1

I THTHT ATHET ITTHT A | TAMT, a7 T GIAes A& O19, F13, qTI T TR-FSHT aTTeT

TRTEE ETAH] qUEEHT b FH AATHT (AHT9 WUl | asare g1 "adT UhaH dmreg a2
ferdae wiftear Tepsstert fafa=r &omr v (9 wee-%ee /ramaT o | favra R0 avEr 93 Fer fafa=
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FSAE® AT AT q97 IR AT AR e TraTael AT geAes ahY S FARTeHdr arafd
7 fordaw wftqa Messte FrEegens adi quar 3 Gifeq qikaresars qed @T & & A T9qr
AT TGN FAT | T 0% o A=A (ARTHT &fcTalladh) i B %0 [haArurH Awehl &fd
HUH! FATC T JoAfAd SR GTAT ATME Afq gfd 8% & €395 TUHN ST | 37 T TLHRMT FHAT:
3940 T ¥0.08% F HET & TS AT {40 | e aftea e T gy e fawmr
AR TR ATATHT (b T eafeT TUhT ITRETAT FATT | T a9 AT YR% TRAREEe BriET
TF T Medasd a1 G THUHT U T A7 &fq &7 qTaR FRb-Hedh (947 | HEIRET ¥ A@rdrs
ferdamame T @TAer dca=d fd TR AT | IARETATEEHT [ATd AR JTASTET STl STATaRawEe
T ¥ fae gaw wfq grasEr aut 7 HEmEr afq qASs | aTedl 99T MEadeedl e g
qfes 93 Far fafa= gfafies Huataa SaRerdEsd YT TR UTEar | Hd {5% [drleed hiTAl
T, T XA (& T Gl BTR AU TATIHNT @ q TIaT A Traferer FART & FHraehrer
TE 9 STRATATeEd galt | SaTh [ade®Hed R3.69% o AT AiaHT J&d1 T SIHes TARTH
AT Heqd X | TaATh faieeHed AdeieTe aegswesd &id qare qid qe arefl ¥ arelr fafaearar
T qRETT AR FATT | T%, ¥Y &% o ATHRAT 7L T F AT AT aroTeebl THATA ITaT ATH
AT AT FIRT TGP TATT | THY A TR-BTSHT AT T Febeld, BT (M, ATHRTIIH
SYHR @ ANIAHT AfadT ST TR THMHT ITXETAEE Teud AT | SALATATEE TTT: Tl ATH
AT ATHTHT AEE el TGl TaT aISI=qehl AT (A FH TUH! IATT | SR [GHe@Hed Y4% o
ferg i AR IATETT AUl RUIE T | SHIEed &fqe! YR, Feaeiw] T &Afdqafd Tl ATl e,
&ALt IS T ATHT THT AR T HIST GFRAT AUHT HEH TR HRU ILETATHE FHa T [Tared
&faqfciet AT fHae Afqus garg | Ak fedewwed Afawears ardl T Meaed &faed feaTem
T8 WA farT T 3% 99 UHEH FH TEH! AT | TATh [GHawmded 9% TwaT aeie THENE Sl
SATRE® dTs Heal T, AFATS TReTe T AL T a9 g 9l RUE T | TG I ¥ MeaIes
AT F e ST GATSH AT HIEER aRIS(ew ] ATHATATS FF FAT | (s T AT
WA &TewaT arell afd ¥ IdAd dfq FAH T &7 [ARTe FawIT qidtaed dAaeaedr qegeT
AT | AE-aa9=] 3% &H T [G9dd ar U3el afqdr faeed & ¥ faadia andl garaswied
FEe! fesired T A w¥ 98 | a9d, Afted Mass ¥ arEifas Siaadr S U SEea e
TET ATATSH ¥ AT SATATT TR AUHT AR TAST I, | T A1 THITICATE 60T FIT T AT ATSTTH
FIIFHEE Alad A& RIEATRr aedr WIsq 74 |
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Effect of Seasons and Fodder Tree Leaves to the Mineral Content
in Serum and Goat Production in the Middle Hill of Nepal

Luma Nidhi Pandey Laudary (ANU-01P-2014), PhD 2023
Department of Animal Nutrition and Fodder Production
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

Goats (Capra hirucus) are a popular livestock commodity in rural livelihoods of Nepal, particularly
in the middle hills. Goat production is not being as expected due to several reasons, including poor
feeding and nutritional management. A series of research works were done at the National Goat
Research Program (NGRP), Bandipur, Nepal, including situation analysis and feeding practices of
goats in the communities. Common fodder trees were identified, and their proximate constituents
and minerals (Ca, iP, Mg, Cu, Zn, Se, and Mn) content were analyzed. Besides, an experiment
was done to determine the effect of common fodder tree leaves on blood serum content of major
minerals by using a 2x3%3 (season- i.e., summer and winter; breed-Khari, Boer, and Crossbred;
and diet-selected seasonal fodder tree leaves (FTL) only, the FTL plus 150 g maize grain, and
the FTL plus 150 g. mineral mixed compound feed) factorial combination of treatments in an
RCBD, with 4 replications (n=36). Ficus cunia, Bauhinia longifolia, and Ficus hispida were the
topmost popular fodder tree species for the summer, as the Litsea polyantha, Drepanostachyum
khasianum, and Leucaena leucacephala for the winter season. A moderate level of CP (10-20
%), Ca (1-2%), and a lower level (<0.5%) of iP was found in most of these species whereas the
fibre content was higher (57 % NDF and >46.6% ADF) for both the seasons. The iP and Se were
always below the critical level of requirements (<0.25 and <0.20) while Cu and Zn were below the
level only in winter. Diets and seasons had a significant effect (p<<0.001) on most of the minerals,
although diet could not meet the reference range of Se and Cu (62-158, ugzl and 0.8- 1.5, mgzl).
However, the diet of compound feed with mineral mixture had significantly influenced (p<0.001)
kid weight at birth and BCS of does and signalled for reducing the kidding interval (269.5 vs.
257.4). Hence, these findings revealed that blood serum status of major minerals varied seasonally
with the pronounced deficit during winter. Thus, supplementation of a major minerals’ mixture,
especially during winter and Se throughout the year, in the diet of goats can be suggested in the
middle hills of Nepal to improve productivity and reproductive efficiency.

TUTEAR] T TeTST &1 qeqared [aeToRl amgrared SAaaddrs S aediel HeT AR /=S,
T FHAAR AER AL AU fafq FRUEET IEHd FH g4 s Al AdFIare AU&TEd
A foe Alpeeepl raear 99 I | He TETS] & ST ATy JTarhl Hed HATeRH ST &g, |
TEHT &P NHAT T TG ATGT IHATGTHT I JAF &bl AR AE [STecarehl a=Tar T fafegarr amar
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AT AT | ITh AFITATE ATGATS (698 T AU GaTer &I HE STl HiFesdh! dfe=ard i,
ST fESTH He uides AT w A, Far, 9, |t T o9, fau 99 autarer 99 grEaes R
GATAN, 2, IR, FF ¥ MART T | SiFesA T @ Sapl 9aTd, F=a1 Yiiad, YMER 987, @iist
TETIES (FNTeTTH, FEhRE, FINHEGTH, IR, qodiod, {573, W) T G gaiemerdr gat a8
HIGEEHT Hoal Yied HeAH Wbl (10-30%), FATAMGUH q-3% ¥ Y9MER GeTehl {1 3= qrsal |
T TRTHT @S TAEEHT TATIH T BERRE [EST-au qof (aoiepl SredT ararel Araedeha
AT B AT | fESTR A TEHT U T (T3P i FiA qrEAT | oA HEH ATARE arhesd amEr
STATEHT 9T THTE el ART o HIGHHAT {9 STl am@m (@, §1%, T T8eHT qUeiere) AT TR e
TehIReh ATERT (AIEHT Siaar, AEdl Sigar 99 U0 ITH Ak, T AGHl Sigar 99 40 ITH @il
aaTel faTTeT AifiTes 3T gaTuy ues fafarsa fepfawmert qieror AT | 79 TEHEATHT TT@TRT AT TEh
faware ity edfad aa @i deaesel AT g WEwHT 2RuH faat, wérerorer afasirer 3o faster
FIGTHT AfatagerT HiY f@ar, ESedr Fuer aiq i fGar | TET 9= giae doaeedr fafa o
G | arErHT @i TR qfd T T ITEA STHAT T@TSHRl AT Hebehl ITHT, ¥ @IS dcdewel fHor
AU IATATS Wb TTHT T TRTSET ATEATRT IR THUAM Haldl A @IS Teaeadl AT T
qUEAT | T, @iAeT AT IXeF ITTS 9TST WISt T el ¥ WIS MRIE AT 9 Joied e’
el @7 | [ Rk g T AT T AIS AT i ATl @ior q9d 90 Bearsd Afebd debd qi
T | A AFIAAH AAAATS GHIAT &80 A FGHT AR AGETATS ATALTb @iTs] Acab]
SIASIATHT HIGHEH! THE qPT IGw5, | TAATE FaTae T HAH AR FH EH @A Teaes
ST qavel [Rebehl AT fad ITIh & |
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Investigation on the Ecofriendly Management of Spot Blotch
(Bipolaris sorokiniana Sacc.) Disease of Wheat

Roshan Basnet (PLP-01P-2015), PhD 2023
Department of Plant Pathology
(Chairperson of the Advisory Committee: Prof. Sundar Man Shrestha, PhD)

Wheat spot blotch disease caused by Bipolaris sorokiniana (Sacc.) Shoemaker has emerged as an
important fungal disease in warmer global wheat production systems. In Nepal, also, spot blotch
is the major fungal disease in the warmer wheat-growing regions. Common wheat varieties like
RR 21, Nepal 297, and BL 1135, thus released from the national system, are lacking adequate
combined resistance to spot blotch and terminal heat stress. Chemical management is costly as
well as detrimental to human health and the environment. Thus, experiments were conducted at
two hot spot locations (Bharahawa and Parawanipur) for two consecutive years (2016-17 and
2017-18) to investigate the eco-friendly management options for the management of spot blotch
disease. The experiments included (i) evaluation of commonly available botanicals against spot
blotch disease under artificially inoculated conditions, and (ii) evaluation of wheat genotypes under
natural epiphytotic conditions. The first experiment had eight treatments viz; Ashok (Polyalthia
longifolia), Babool (Acacia nilotica), Eucalyptus (Eucalyptus obliqua), Neem (Azadirachta
indica), Jamun (Syzygium cumini), and Mehandi (Lowsonia enermis) as aqueous botanical
extracts, and Tilt (propiconazole) as standard fungicidal check and control (water application), and
was conducted in a randomized complete block design with three replications. Of the botanical
extracts, Mehandi leaf extract was effective for the management of spot blotch disease at both
locations in both years. For the crop year 2016-17, analysis of variance for treatment x location
interaction revealed a highly significant difference (p<0.01) for AUDPC on flag leaf, total AUDPC,
and mean AUDPC. Similarly, for the crop year 2017-18, analysis of variance for treatment x
location interaction was highly significant for spike length and AUDPC on the flag leaf. The effect
of treatment x year interaction at Bhairahawa was highly significant for total AUDPC and mean
AUDPC. Similarly, the effect of treatment x year interaction at Parwanipur conditions was non-
significant for all tested traits except spike length. Analysis of variance for treatment X location x
year interaction revealed a highly significant (p<<0.01) effect for total AUDPC and mean AUDPC.
Among the botanicals, application of Mehandi extract had the lowest mean AUDPC value (347),
and in control (water application) mean AUDPC value was highest (742) and was significant.
The second experiment included a total of 52 wheat genotypes from the 8" Helminthosporium
Leaf Blight (HLB) Screening Nursery obtained from CIMMY T, Mexico were screened in natural
epiphytotic condition in Alpha Lattice design with two replications. Individual plot size was 4m?.
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Chirya-3 was used as resistant check while RR-21 and Nepal-297 were used as susceptible checks.
For the year 2016, analysis of variance for genotype by location (GXL) interaction revealed highly
significant difference (p<0.01) for days to heading, days to maturity, plant height, number of
grains per spike, penultimate Flag leaf AUDPC, Total AUDPC, mean AUDPC, thousand grain
weight and grain yield. Similarly, for the year 2017, genotype by location (GxL) interaction
revealed highly significant difference (p<0.01) for days to heading, days to maturity, number of
grains per spike, number of tillers per meter square, Total AUDPC, mean AUDPC and thousand
grain weight. The effect of genotype x year interaction at Bhairahawa condition revealed non-
significant for all the studied traits while, the effect of genotype by year (GxY)interaction at
Parwanipur condition revealed highly significant difference for number of grains per spike, Total
AUDPC, mean AUDPC, thousand grain weight and grain yield. Analysis of variance for genotype
x location x year interaction revealed highly significant (p<0.01) difference for Total AUDPC,
mean AUDPC, thousand grain weight and grain yield. Lowest mean AUDPC value (320) was
obtained by SHLBSN47 followed by SHLBSN48 (338) and highest mean AUDPC value (863)
was obtained by SHLBSNS52 followed by SHLBSNS51 (805). Highest yield (4966 kg/ha) was
obtained by SHLBSN23 followed by SHLBSN 24 (4951 kg/ha) and lowest grain yield (2222
kg/ha) was obtained by SHLBSNS52 followed by SHLBSNS51 (2335 kg/ha). Out of six botanical
extracts, application of Mehandi leaf extract worked effectively for the management of spot blotch
disease in both locations over consecutive years. So, Mehandi leaf extract as a botanical origin
could be alternative of chemical fungicide for the management of spot blotch disease. Similarly,
the resistant genotypes SHLBSN47, SHLBSN48, SHLBSN27 and SHLBSNO could be used as a
resistant donor parent in national breeding program for the development of spot blotch resistant
varieties for spot blotch proneareas of Nepal.

HEcaqul AT TETH! Teh! B T TATAR! ATl ATATaRol g & (AeTs, fafT |aen) 1 7@ I a1 | Afasw
TRT AT GATRT =M T TGhl I AGLATAT AT ATl BTaTehl PRI FATHT [qebTd TR Tgehl
ATTEEHT ITT ATHT THT TF AT IR/ AARTET g Tebebl I | AT [uTraTe a7 Ierars fareor
T Giebry, dR AIHE WA, ATATEARITET Fidehed @Y T{ehT AT Al ATIF 9 I 968 | a9
FRO AT IIAAT g5 ATl a9 (5.7, 095/3099 T 3098/3095) AT T8 ¥k Fidh TISH [STeaTHl
(FUIET, SREAT ¥ ART, GATHIIR) aTdATERe H47 IR fAaeror a9 wdierwr afar | a9 e anf
T SreaT e fafawT & @ar fawar (srefreht, aqe, 7O, MW, STHA T Hewl) & Idee g
TR IR T fAepTierar ¥ A1 gt ATl (AfrepTATSier) Arg TWATIE =k T qTHTeATS wilebel <ehebl
TYUT © FaT JUARATE 3 Yo QeI TS0 FoATer AT T Y IY=R ¥ 97 fHe? eramerar MRuehr
fordt | .. R09% W ITAR T FTeThl SaRORATAT WU ITTHT I Th C@THATH! &TAhe, STEAT AT
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Federalization of Agriculture Sector: Restructuring
and Service Delivery in Nepal

Bishnu Kumar Bishwakarma (DES-03P-2018), PhD 2023
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Bishnu Raj Upreti, PhD)

This research was done with the objective to examine the current status of agricultural functions-
institutions, and policies, with respect to service delivery, including farmers’ response on
agricultural services under the federal system. This research employed mixed method approach-
combination of qualitative and quantitative methods. Federalism as a major theoretical basis,
constitutionalism, intergovernmental relations, decentralization, and evolutionary governance
theories were postulated for the analysis of findings in relation to service delivery. Findings
revealed functional overlap, duplication, and a distinct lack of coordination between the three
tiers of the government, resulting in an unbalanced institutional setup and fragmentizing national
policy diffusion for the delivery of agricultural services, reflecting the strong need for clarification
on the jurisdiction and roles of each tier of the government to avoid such confusion. However,
relative importance index analysis revealed that local governments are effective in providing
agricultural services that are relevant to the farmers, resulting in increased access to services
in spite of the capacity gap, institutional gap, and limited financial resources for agricultural
services. Findings also revealed that one tenth of the respondents were highly satisfied; about
two-fifths were satisfied, and nearly half of them were moderately satisfied with the agricultural
services at all three local levels. Moreover, overlapping authority on institutional and policy-
related functional elaboration, sectoral restructuring in general had increased service coverage,
innovations, and leadership at the local level for service delivery. Thus, the findings suggest a
strong need for strengthening local staff capacities; the formulation of appropriate policies, and
the establishment of institutional mechanisms to ensure farmers’ participation at the local-level
planning process, and the prioritization of resource allocation to the agriculture sector to achieve
improved agricultural service delivery and greater farmer satisfaction.

FHT &TTHT FTIET, LN AT T4 AT TAT AUHT GRacd, F Jar Jaedr T9d T479
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Measuring the Flood Resilience in Development Practices: Analysis
of Community Actions in Narayani River Basin, Nepal

Narayan Gyawali (DES-04P-2017), PhD 2023
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Durga Devkota, PhD)

Measuring flood resilience is important in the context of development practices in rural Nepal.
This research aimed to achieve three objectives: identifying factors associated with flood
resilience, identifying rural strategies and actions, and providing a recommendation-based
review of the available disaster risk reduction plans and policies of the government. The study
was conducted over a period of 5.5 years, starting from June 2017, in two communities within
the Susta Rural Municipalities of Nawalparasi-Bardghat (Susta) west district, which lie in the
Narayani river basin of Nepal. The research utilized the Sustainable Livelihood Framework (SLF)
as the technical conceptual framework and employed a mixed-methods research design for data
collection, analysis, and presentation. The key findings revealed that the factors contributing to
flood resilience were identified as livelihood capitals, resilience properties, resilience themes,
Disaster Risk Reduction (DRR) cycle, and resilience sources. The research findings also showed
that lower index scores coincide with a higher impact of flood in Kudiya than in Paklihawa sites.
In this research, thirty flood source criteria were used for measuring flood resilience. Indeed,
community actions and rural strategies are found to be critical and very relevant to increasing
flood resilience. To be a flood-resilient community, a community must demonstrate the ability to
protect, self-organize, prepare, mitigate, respond, and recover from the adverse impact of flooding.
This results in adaptive social behaviors, building social capital, timely dissemination of early
warnings, and effective implementation of DRR plans and policies at the community level. It is
thus well learnt that flood resilience is not merely surviving but succeeding and obtaining benefits
from the stressor as well. From the research, it is realized that flooding cannot be stopped fully,
but flood impacts can be mitigated and reduced by adhering to resilience principles of adequate
preparation and learning from the active participation of community people and rural actions.
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Ecology and Management of Chinese Citrus Fly, Bactrocera
minax (Enderlein, 1920) (Diptera: Tephritidae) in Nepal

Debraj Adhikari (ENT-01P-2018), PhD 2023
Department of Entomology
(Chairperson of the Advisory Committee: Resham Bahadur Thapa, PhD)

Citrus is one of the main fruit crops grown in the mid-hills for household consumption and income
generation. Fruit flies (Diptera: Tephritidae) are the destructive pests of citrus orchards in Nepal.
Among fruit flies, the Chinese citrus fly, Bactrocera minax (Enderlein), originated in China
possess great threat to the citrus production in Nepal. The B. minax is comparatively larger in
size than other Bactrocera species, univoltine in life-cycle, oligophagus host-taste only in Citrus
spp., and only attracted to protein hydrolysate lure but indifferent to conventional parapheromones
lures. The B. minax is geographically distributed in Bhutan, China, India, and Nepal exclusively.
Therefore, the B. minax pestilence surveys in different citrus cultivating districts and their seasonal
phenology were studied. The fruit fly species authentication and area-wide control programs
(AWCP) of this species were carried out in the sweet orange orchards in Sindhuli district from
2018 to 2021. The orchard survey validated its invasions in twenty citrus cultivated districts of
Nepal. The occurrence of fruit flies varied significantly during the monitoring period between
March 2019 and February 2021. The findings showed that Syangja and Sindhuli, respectively,
cultivated the highest percentage of mandarin (97%) and sweet orange (70%) crops, among all
citrus cultivations. Lemon was observed to be the most vulnerable citrus fruit to the B. minax
followed by sweet orange and mandarin in citrus orchards. Compared to the dry and winter months
(December, January, February), fruit flies were more abundant in the warm and rainy months (June,
July, August, and September). In the premises of citrus orchards, on March 13, 2019, Zeugodacus
tau (Walker, 1849), Z. cucurbitae (Coquillett, 1899), Bactrocera dorsalis (Hendel, 1912), Z.
scutellaris (Bezzi, 1913), B. zonata (Saunders, 1842), and Dacus longicornis (Wiedemann, 1830)
reached the highest Shannon-Wiener diversity index (1.309) in cue-lure (CL) traps. The species
evenness of B. dorsalis, B. zonata, and Z. tau (0.342) in the methyl eugenol (ME) traps peaked
on January 14, 2020, and the highest Simpson diversity index (SDI) was measured in the ME trap
(0.701) on January 28, 2021. The SDI in the CL traps peaked (0.703) on November 30, 2020. The
B. minax measured to be the largest horticultural fruit fly pest in body size, measuring 12.6+0.2
mm in length in males and 14.3+0.2 mm in females. Likewise, adult females possessed a wider
body, 23.4+0.2 mm, than males, 22.8+0.2 mm. The B. minax species from the citrus orchards
premises in Sindhuli district was authentically identified by means of the DNA barcoding method
with the sequence of the mitochondrial cytochrome ¢ oxidase I (COI) gene. The mean numbers
of maggots per infested fruit were 7.3, 6.6, and 7.0, respectively, in 2018, 2019, and pooled for
two years (2018 and 2019). The average pupal depth in soil and pupation rate of B. minax were
11.0 cm and 87.9%, respectively. The mean eclosion (in the years 2018 and 2019) from pupae
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and maggots was calculated to be 82.7% and 74.1%, respectively. The surrounding environmental
temperature affected the B. minax pupal winter diapause intensity in soil, and, thus, the average
adult emergence period was 165.5 days in different citrus orchards in Golanjor-4, Sindhuli, Nepal.
The multi-location study at different altitudes of citrus orchards for the developing pupae to B.
minax adult fruit flies in a degree-days model revealed the emergence of adult flies on March 26
and April 6 at lower elevation, 897 masl (Tallo Dunde) as compared to April 27 and 29 at higher
elevation, 1462 masl (Ranikhola) in 2019 and 2020, respectively. Similarly, the assessment of
growing degree days indicated the first emergence of fly occurred 33 days and 23 days earlier
at Tallo Dunde than Ranikhola, Sindhuli in 2019 and 2020, respectively. The oviposition by B.
minax adults in sweet orange fruits was observed in June and July, when the average fruit diameter
ranged from 22.3 to 61.4 mm. A field practice of AWCP integrated spot application of protein
bait and orchard sanitation measures to minimize the problem of B. minax was implemented for
the first time in the selected 231 citrus orchards in Sindhuli in 2018. Encouraged by the result of
B. minax damage recession in sweet orange production by virtue of the deployment of AWCP in
2018, a score of 1153 citrus growers adopted the same orchard management practice in 2019. The
AWCP with lethal protein bait, along with the orchard sanitation measure, resulted in the obvious
recessions of mean fruit damage to 10.9% in 2018, and the lowest 4.5% in 2019, as compared to
56.7% fruit damage without AWCP in 2017. The findings of this study appear to be pertinent for
implementation when formulating management strategies for citrus fruit flies.
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Information and Communication Technology (ICT) Tools
and Agricultural Mechanization in Nepal

Udit Prakash Sigdel (EXT-02P-2018), PhD 2023
Department of Agricultural Extension and Rural Sociology
(Chairperson of the Advisory Committee: Prof. Kailash Nath Pyakurel, PhD)

Information and Communication Technology (ICT) tools and agricultural machinery can boost
production and lower costs. ICT tools and related technologies are employed with different
understandings of access, affordability, and social and cultural norms. This study evaluated
farmers' usage of ICT tools and farm machinery in the Jhapa, Kapilbastu, and Bardiya districts of
Nepal with the general objective of exploring the adoption of ICT tools and agricultural machinery
in paddy farming by assessing farmers' knowledge, perception, and attitude towards ICT tools
and farm machinery. A pre-tested and adjusted interview schedule was used to interview 390
randomly selected respondents face-to-face from November 2019 to November 2020. ICT and
farm machinery adoption drivers were determined using descriptive data, index values, and logit
regression. The study revealed that respondents knew moderately (0.44) about ICT tools (radio,
television, mobile phone, internet, and computer apps), but more about radio (0.87), TV (0.85),
and cell phones (0.85). ICT was better comprehended among Bardiya respondents. Kapilbastu
respondents were more dissatisfied with ICT tools, yet they had a vague understanding (0.50)
of their use in paddy production. The most common farm machinery were tractors (0.65) and
knapsack sprayers (0.61). Over 25% of respondents enjoyed (0.28) agricultural machinery
and were satisfied (0.4) with its use, but high costs, a lack of experienced workers, inadequate
facilities, and bad maintenance services prevented its adoption. Age and education had a negative
impact on the adoption of ICT tools, whereas media exposure, family structure, and ICT abilities
had a positive impact. Total farmland, occupation, ICT skills, and awareness boosted agricultural
machinery use. Better understanding through awareness campaigns and training may boost the
adoption and use of ICT tools and agricultural machines, reducing constraints. Investment in ICT
tool-related training would also boost the acceptance and use of agricultural machines.
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Generating Adaptation Services through Transformation: A Case of Significance
of Forest Resource Management in Climate Change Adaptation Planning

Gyanendra Karki (FOS-02P-2016), PhD 2023
Faculty of Forestry
(Chairperson of the Advisory Committee: Prof. Balram Bhatta, PhD)

Nepalis atthe crossroads of socio-political transition and also in the process of country restructuring.
Federal, provincial and local government systems as well the support offered by international
agencies has offered opportunities for the most climate vulnerable people, however, the conflict in
resource use over the governments is manifested and halted the forest management and adaptation
services. In the given caveat of climate change, the proposed research aimed at cataloguing the
Climate Change Adaptation (CCA) interventions; analyzing the interactions of climate change
effects, adaptation, resilience and adaptation service in the forestry sector; and assessing how
transitional CCA interventions shape future climate change pathways and adaptation and resilience
building. It also fostered to redefine natural resource (forestry specific) management regime and
associated natural resource bases to formulate a climate resilient, sustainable livelihood and resource
management system comprehending the production and distribution of adaptation services and
environmental functions driven by good governance within the given ecological system. Likewise,
research on transformational adaptation is new to Nepal, opens up the new research avenues in
climate change adaptation and resilience building. The present research is a supplement to the
global knowledge source and guiding post for researchers, national and sub-national policy actors,
natural resource managers, forestry and climate change actors because it has supplied answers to
the pertinent crucial questions related to 'generation and distribution' of adaptation services in the
context of climate change vulnerability and community based natural resources (e.g., forests).
The study area Tanahun and Kaski districts of Gandaki province selected for this study covers the
hills and middle mountain regions. Total 36 respondents including six key persons representing
community forest user groups, local farmers, medicinal plant traders and herders from Tanahun
and Kaski districts took part in semi-structured questionnaire survey. Other 236 key discussants
from all seven provinces were asked to join in discussions to assess the climate change adaptation
services, their delivery mechanism, circular economy, and policy and institutional mechanism that
appraises forest management, project assessment and value of research and publications to build
more resilient and adaptive system and to advance the adaptation planning. Discussions were held
in Butwal, Dhangadi, Surkhet, Hetauda, Pokhara, Janakpur and Biratnagar and two supplementary
community-level meetings were organized in Damauli and Panchase. Climate change is
comparatively a new domain of science, and adaptation is a craft of science and practice. There
is considerable interest in understanding how human populations will respond to climate change
through adaptation. As a consequence, there are several and increasing CCA related publications,
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projects, policies and practices under way. Given the prioritized adaptation needs underlined by
NAPA (2010), NCCP (2019) and NAP (2021), various CCA interventions are implemented in
Nepal that helps in advancing CCA and offsetting the climate change vulnerabilities and risks.
The interventions echoed the tenet of country's development plans, climate change policy and
combating measuresineeds as well as international commitments, including Nationally Determined
Contribution (NDC) and COP agreements. Despite a slow increase, there is no clear trend in CCA
publication research in the last two decades. Researches on forest, biodiversity and watershed
management were found increasing over a period. A total of 76 CCA projects were found to be
recorded in the last two decades while the most (32%) were community-based and the least (8%)
were approached as ecosystem-based. The adaptation practices cover the local knowledge and
measures as well as autonomous and planned interventions targeted at reducing risk and enhancing
the resilience of vulnerable households and communities with respect to their livelihoods and the
economy. Community forestusers of Tanahun and Kaski districts have limited access to technologies
and services focussed on climate resilience so they have adopted local adaptation practices, mostly
based on local technologies, indigenous knowledge and available resources. Afforestation and
reforestation, promotion of traditional practices, raising awareness, agroforestry, and controlling
soil erosion and landslides were five major local level adaptation measures to combat climate
change with afforestation and promotion of traditional forest management practices were common
to both districts. Local communities were well acquainted with the knowledge of community-based
and ecosystem-based adaptation, which needed to be capitalized with the embracing of circular
economy and nature-based solutions to the adverse impacts of climate change. Thus, it is crucial in
strengthening community-and locally-based mechanisms (e.g. forest-user groups, farmers groups,
agricultural and fisheries cooperatives) for management and delivery of services to facilitate
locally appropriate adaptation measures, including community-based adaptation. A multitude of
researches on strengthening local communities’ ownership and improving the circularity of forest
service generation and consumption could be an approach in generating knowledge to balance
the interaction of climate risk, sustainable forest management and transformational adaptation.
Circularity in ecosystem services generation and fostering is a nature-based solution that can play
a role in enhancing transformational adaptation to climate change at a local level by adopting
community-based and culturally appropriate methods and enhancing and incentivizing adaptation
measures and capacities. The initiatives acknowledging participatory, nature-based, and local
culturezindigenous knowledge friendly measure adaptations are likely to be successful in leading
sustainable forest management.

TH FTEAAA MR T GIRHAT EAN T T ARISATTR Tl as AT daes T
FTATARINT FATEwHh ICATEH T [ARUTHT FEATS TATSH T TAaTg THTRAT (G STaebrarst 91
1T FARITIA GOl faarem T YTekfde draq (a9 faey) sgewamay g1 Geafead qeiae gide

Directorate of Postgraduate Program, AFU 109




Compendium of PhD Research Abstracts

ATIRESHT TAIRATIT T T THPT T B | AT, AT AATAA TAATT Gebaebl [heTel ATTITH]
HAFHATH] T FATH I IJTIETH Gl TAR AT, TAETAAT TAaTd, TRATAR HAEE, kA qdl
FHATAEHATH YATETA AR ARAFAIEHH] [qIATI TTH, FHHTHNAT AAHATH BATHATTEEA AT
AT ARACTR! A AT AR T THITRAT (TR JTIEEH] (AT T 4T e Teaed
fAfase T ITYT TEH! B | TATAR ATNT AAEHAT FATALITHT @1 - AT T3l AT [T AU
T AT AT TRATH TR TAT THTRAT (AeBTERT ATNT AT @ITH ATTee FHA qre=
TH B | T AATAH] AT GhATH] HHAT Tda T FHIEH (oAbl ATHEIE a9 ITARRT THEeT,
I fFaTeEs, a9 TaER SAaardies AT SHaeIhE Uaiaes THaE qETETded dAaEtad
JETATAT FAET AT SEARYASTHT FEHITNAT STATCH 9T | TFAT 99 AR T THTTRAT JOTer
ASEd T qAT FAFRATHT AT TRAT TS TQTSH A qRAd Aqbaddl qares, faddrs
faaeer T "=, FHI AIAA, a9 AT AN, ARASAT AT @IS ATIATT T TRTTAE b
ETSIET ¥ HeATTHT T el FANTT GAAEEH A5 STl [AITeed Gahel T A1 T
ITERET (FTEl, qEd, F2ad, TE, aIeT, PR ¥ [aRTaiR) #T TERATAETHT FARd T THIAT
T JATEHT GHITIEAHT AAhaTes TRUHT 90 | J2aaare SAle TUH! AHIS a9 STHRRIESH]
IAMATAT Birgd AP Yfdiges T JaEedr A 989 qr2dl | IAeed EE giard,
TRERRTT A ¥ SIS ATAEEHT AT TATHIT AAFRATH AATIEE T3 ATTHT B | AT T
FTAR FARMTIT TIT FASTFAD TAGCAT, TFERTET AXATAGER] GIcdled, Feraal Atadlg, Ha-a9
T HTET ARV TAT eATH! AFATH TAAT TRATTAT e THE ATRATH JUTASTHT STHT qre=
U | T HEEEs FHE q9T REAfqed JuelidT Hraiikd dgad el e qRiea
fag | A1 FATE TFE qATH AT THTHT AR AT FHTATEEIT ATHATT T8 ISt T
e A@U | g FH T awEaesars AT dEAdET qEeEd RS STy qRadd dTE

FEed] HIFEes TR T A1 TAI9 Tha TUH G | TAarg IRadd JATATcHE IHT [asATeb! Afae
faam geyept A1 faeprar, fasir o sreameessr 7ot Ried T8 &7 | FeAeEawy, Tqdy qRadd dqEe
HE] JH1AES, TRATSTAES, Alq8s qdT AVATHEE BTd HeAHH( Fgal HAAT Juded q9T FATATH]
B | T AFITHT TATAHT ISl g5 397% (000 3@ R0R0) AT FHA & AT TRAAH ATHATH
IfeATSTTES TEATASIRIN UHT 9T, ST A Feoval 8% (3R WIGT) THTAHT ATETRT Aot

S

T gad=T 9% (5 yiaqera) diikfeafasdra gunelr st e #rgHes faw ) ffeatadr
JUTE] SFEATIAEE ATHAT FaEe Icaad ¥ [qqars YICaed T HIIAT W F5d A9a aqr
qTeR{ae ATHT AT THUTE Jagq SqH IUTIH! TIAT SFUFT B, STl THATAAT AT qem
ST TERNT q97 AIEhiae [afdes AIAISe T AhA-H AIAHes qa7 HAEsds YIcared

TS THERATHT STy aRad fa6g SeaRad sl dAqekadars atasar faaar seq 9fasr g
TG | T AGAH (A ATAR (01 a9 FaLATITH] FEATNAHAS, THITAT AT 9T
T TFERETT AFATS ICATET 9 GTAd] ATRATH SUIes qhd (9g g [aeard 19 Al T

I &AHT 99 AT FAES oA T asaAd g7a |
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Performance of Different Sweet Potato (Ilpomoeas batatas L.)
Genotypes in Hill and Terai of Nepal

Prakash Bhattarai (HRT-04P-2017), PhD 2024
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Kalyani Mishra Tripathi, PhD)

A series of experiments were carried out at Khumaltar, Lalitpur (1360 masl), and Rampur (228
masl), Chitwan, Nepal, to investigate the effect of location and harvesting time on the growth,
yield, and quality of sweet potato genotypes and to determine the response of crop geometry.
Further, storage performance of sweet potato genotypes was also invetigated in different storage
conditions under ambient temperature at Khumaltar, Lalitpur, Nepal. The field experiments were
carried out in a factorial randomized complete block design (RCBD) with three replications from
July to December 2018 and 2019 and included a total of twelve treatment combinations of three
sweet potato genotypes (CIP 440015, CIP 440267 and Local White), two locations (Khumaltar and
Rampur) and two harvesting times [120 and 150 days after planting (DAP)]. Field experiments
were conducted in a factorial randomized complete block design (RCBD) with three replications
in 2018 and 2019 to determine the effect of crop geometry on the growth, yield, and quality
of sweet potato genotypes and comprised of a total of twelve treatment combinations of four
crop geometry (60 cm %X 25 cm, 60 cm *x 30 cm, 70 cm x 25 cm, and 70 cm x 30 cm) and three
genotypes. Storage experiment was carried out in two factorial completely randomized design
with three replications under ordinary ambient temperature (10.11-17.49°C) at Khumaltar from
December to March. Tuberous roots of three genotypes harvested at 4-month maturity were stored
inside an ordinary room in dry sand, sawdust, thin jute sack, natural mud pot, and open crates. The
findings showed growing locations significantly affected plant growth traits such as days to bud
sprouting, ground foliage coverage, vine length, vine internode diameter, vine internode length,
mature leaf size, and petiole length of sweet potato genotypes. Significant variation was found in
marketable tuber number and weight plant?, total tuberous root weight plant! and tuberous root
yield t ha! among genotypes and across the locations. The genotype CIP 440267 produced higher
total and marketable yields (0.468 kg plant!). The genotype CIP 440267 produced the highest
tuberous root weight (0.370 kg plant™) and tuberous root yield (20.57 t ha!) in 2018 and (0.663 kg
plant') and (35.48 t ha') in 2019. Genotype CIP 440267 had the highest average yield (28 t ha).
The harvest time did not affect yield characters significantly. Yield characters were significantly
influenced by the locations with greater yields in Khumaltar than in Rampur during July planting,
Total tuberous fresh root weight per plant, total tuberous root yield (t ha!), and marketable tuber
weight per plant all displayed positive correlations. Moisture, dry matter, starch, and amylose
content did not differ among genotypes while reducing sugar was highest in the Local White. The
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starch content was affected by the harvest time, with delaying harvest (150 DAP) resulting in a
decrease in starch content (23.59%), compared to 30.61% at 120 DAP in 2018. The reducing sugar
was found increased in the delayed harvested sweet potatoes. The CIP genotypes had high (241.93
mg100 g') levels of - carotene, whereas Local White (2.2 mg 100 g!) had extremely low levels.
The starch, reducing sugar and B-carotene content were higher in Rampur than Khumaltar. The
results concluded that orange fleshed sweet potato genotypes are suited for hilly areas of Nepal like
Lalitpur, Khumaltar. The crop harvested at dates 120 and 150 DAP did not result in a significant
difference in tuber yield, but some qualities were reduced in delayed harvested sweet potatoes
(150 DAP), suggesting that sweet potato crops can be harvested at 4 months with appropriate yield
and quality attributes. It is revealed that the highest tuber yield (30.08 t ha'') was produced at 60
cm x 25 ¢m plant spacing (66,666 plants ha™'), whereas the tuber size was larger at 70 cm x 30 cm
plant spacing (47, 619 plants ha'). The highest marketable tuberous root weight per plant (0.527
kg), tuberous root diameter (62.59 mm), shoot fresh weight (509 g), and tuberous root yield per
plant (616 g) were obtained at 70 cm x 30 cm plant spacing. The average size of the tuber was
reduced by the closer plant spacing. The reducing sugar content was influenced significantly by
crop geometry and genotypes. The pooled data showed the highest (15.48 and 17.26%) reducing
sugar in closer geometry 60 cm x 25 cm and Local White genotype respectively and the lowest
(11.54%) in the genotype CIP 440015. CIP genotypes, on the other hand, were high in B carotene
content, whereas the Local White had a negligible amount (0.35 mg 100 g). Findings suggest
that crop geometry can have a considerable impact on sweet potato production. As a result, the
geometry of sweet potatoes can be wide or narrow depending on our needs and the area available
in our study area or a similar situation. With the progression of the storage period, physiological
loss in weight (PLW) and rotting (%) were significantly increased in all treatments of the storage.
In the 12" week of storage, the highest PLW was recorded in the tubers stored in open crates
(70.2%) followed by natural mud pot (65.2%) whereas the lowest PLW was observed in tubers
stored inside the dry sand (50.2%). No weevil infestation and sprouting were observed during the
experimental period due to low temperature. The lowest tuber rotting (%) was recorded in the
genotype CIP 440015 (55.3%) and inside dry sand (48.7%) during the 12" week of storage while
it was the highest up to 85.9% in CIP 440267. The highest rotting (76.7%) was recorded in thin
jute sack followed by natural mud pot (76.5%). The results showed an increment in dry matter
and reducing sugar (%), while the reduction in B-carotene and starch content of tubers after 3
months of storage inside dry sand. There was strong positive correlation of storage duration with
dry matter (r=0.750) and reducing sugar (=0.658) whereas, a negative correlation with starch
(r=-0.918) and B-carotene (r= -0.352) content of sweet potato genotypes. The study concluded
that sweet potato tuber can be kept for 8 to 10 weeks in dry sand with minimum postharvest loss
in ordinary room conditions and the Genotype CIP 440015 has good storability among the tested
genotypes in similar conditions.
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IR ART ST e 9fq fawar o ¥ss et argdr | Sfiegy dr gt ¥¥o3ke o 3095 AT
FIT &% SIRTT AT (0,390 feb 3T, 9ie faam) T SRrer &1 I i g9z 30,48 §.39 ¥ 092 AT
0.553 fb. 3. i faam 7 3. ws #.zT 9fq Faex Ieamed AT | ey dardr ¥yozew & dEq
TET IR 5.0 A2 fGUht 2T | el e THAT JUSTATE @1 qAX A 9w o famar gw=ar
IS A TEHN IGAT | THREFT TATTHT GAAIHT TE ITAET T TTMEwed IS Jed@rTa TH
qATTaT U Jf@T | FoiTepr AT TR IATHT FeAwET & gaT, MRl /AT, G gard, W@ ¥
THTSHATSTRT TTAT SHIEISTEE ST= H¥eh (U | ATedl el =TSl qATHT (30.%9%) feedrar T arar
R3.Y%% o HHT AU UTZAT | ATl (Gl dhawiTel, SRIAT Fawirehl ATAT &bl faar | foar e
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Genetic Diversity of Nepalese Finger Millet Landraces and Their Reaction to Blast Disease
and Drought Stress Revealed by Phenotyping and Genome-Wide Association Study

Krishna Hari Ghimire (PLB-05P-2016), PhD 2024
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Madhav Prasad Pandey, PhD)

Finger millet (Eleusine coracana L. Gaertn.) is an important crop due to its stress resilient capacity
and grain yields under dry environments. It is the fourth important crop in Nepal after rice, maize
and wheat, however, is neglected from the mainstream research and development. Because of this,
the rich finger millet genetic resource available in Nepal is still underutilized. With the objective
of enhancing the utilization of Nepalese finger millet genetic resource, 300 accessions collected
from 54 districts were studied in three sets of field experiments for two consecutive crop seasons
(2017-2018) followed by genome-wide association study (GWAS). The agromorphological
characterization and blast diseases screening were carried out at three hill locations (Kabre,
Dolakha; Vijayanagar, Jumla; and Khumaltar, Lalitpur) whereas, drought screening was conducted
at Khumaltar, Lalitpur. Genotyping-by-sequencing was performed at International Crops Research
Institute for Semi-Arid Tropics (ICRISAT), Hyderabad, India. Shannon-Weaver diversity indices
(H') showed high diversity (0.647-0.908) for most of the studied qualitative and quantitative traits.
Accessions were clustered into four distinct groups based on the quantitative traits. The correlation
analyses indicated that accessions with early flowering, tall plants, long leaves, high tillers, large
ears and bold grains can be selected for grain yield improvement. Fifteen landraces were selected
based on stable grain yield over the environments, out of which, NGRC04849, NGRC06490,
NGRC04871, NGRC06487, NGRC06489, NGRC04806 and NGRC04817 were superior ones.
The landraces NGRC04849 and NGRC06490 produced 15.5% and 4.5% higher grain yield
respectively, than Kabre Kodo-2, a latest and best performing variety amongst the five released
varieties in Nepal. The highest incidence of leaf, neck, and finger blast was observed at Lalitpur,
Dolakha and the least at Jumla condition. The overall disease incidence was higher in 2018 than in
2017. The combined analysis over the environments revealed a non-significant difference for leaf
blast, however, the difference was highly significant for neck and finger blast. Among the accessions,
about 32% had lower disease score for finger blast, 10% for neck blast, and 25% for leaf blast than
the standard check variety Kabre Kodo-2. The landraces NGRC04798, NGRC03478, NGRC05765,
NGRC03539, NGRC06484, NGRC01458, NGRC01495 and NGRC01597 were resistant to finger
blast and neck blast. Five landraces namely, NGRC4849 (4670 kg ha'), NGRC6487 (3624 kg
ha'), NGRC04852 (3426 kg ha'), NGRC03491 (3191 kg ha') and NGRC6490 (3132 kg ha')
were identified as stable drought tolerant landraces. The landraces identified for blast resistance,
drought tolerance, high yield and other traits can be promoted as candidate variety or utilized
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in breeding programs. The GWAS identified 120 significant marker-trait associations (MTA) for
nine traits and explained up to 43% phenotypic variation. Of these, four MTAs were associated
with candidate genes for coding protein kinase and coiled-coil domain-containing protein. Post-
validation, the significant MTAs and putative genes identified in this study could be deployed in
molecular breeding programs to develop superior finger millet cultivars resilient to various biotic
and abiotic stresses.

fafaer fepfamesr avma @@ @y Fe@r ararERorT i qard IoTed fad eTHar queel FET TH
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STAE® BATE TRUHT (90T, TR TS AR A, 0¥ 5 ¥R, U ST ARG 0L ¥R 0, TH. S AR A.0¥5H,
TH. S AR AT, 0% ¥ 59, UA. TR AT 0S¥ 5% THA. . AR.F.O¥50% T TA. WL AR.G.0¥599 of Tk wwal
&Y TITFIHT ITHT AT SETTHT S | TS AR AT 0¥ 5 Y%, T TA S AR AT 08 ¥ 0 & Ur=ael Seairaa
STTAET Faq=aT IHT T AT ST BIa PIaT-3 o 92l A 94 4% T ¥ 4% T JcAe [auahl qrgav |
PIGTRT T, TS T SATAT AT ST [Tawepl TEaT TRl Tebld FerHwaT 8¢ ATATRHAT, U aref@r
T T FH SFATHT 9T2dT S afedl a9 (A9 R098) |7 9=T T a9 (A R095) A/ GHIAT HEAT TR
8% ATTRT qTgAT | Sad T TAEEhT AT ATl (YT & ITcehl TEATeh! ATRET SATTEEHT
difcarep fawar aTgua a9 |l T el HEaT TPl ATUARAT ATAEE! STHT AT Geil Fqea
ATaAT | FTH FIEI-R B TAATHT THIAT BT W% SATAEEHT qTAHT HEAT, Q0% AT AT F&aT T 3%
AT AT HEET T FH AT qTedT | TS AR H1 0¥\ R, TH S AR A1, 03¥0s, T, . A 4.
OYYRY, TR AR 0343, UA S AR AL 0S¥SY, UAS AR A 09¥Y s, TS AR E1.09¥%Y,
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AT YIRTET, qear Fe, 399 IcAE WAl qaT H= (USR] AN AT 3T ATaeeel qie=
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QTL Environment Interaction for Yield and Yield -Related
Traits of Rice under Diverse Rainfed Lowland

Santosh Raj Tripathi (PLB-01P-2016), PhD 2024
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Krishna Hari Dhakal, PhD)

Drought and flood are becoming serious limiting factors to rice production and yield stability in
rainfed lowland areas. Genotypes alter their relative behavior in different environments, while
quantitative characters are inherited to polygene and have strong environmental influence. This
study aims to identify and develop a rice variety with high yield, anaerobic germination, drought
and stagnant flooding tolerance for rainfed lowland fields. Mapping populations developed from
two parents (IRRI 119 and Samba Mahsuri) were used to study the genetic basis of abiotic stress
tolerance related important traits. IRRI 119 was backcrossed to an F, progeny to generate BC F,
and was allowed to self until BC F, generation. Four hundred BC F, lines were used to generate
genotypic data, while more advanced line BC F, ,and BC F, ; were used to generate phenotypic
data. These 400 lines along with parents were planted in three growing conditions by using
augmented design at DoAR, Tarahara under rainfed lowland conditions during 2019 and 2020.
Yield and yield related trait’s performance were studied under the stagnant flood, reproductive
stage, drought stress and irrigated condition to understand the relationship among stagnant flood
tolerance (SFT), drought tolerance (DT) and yield potential (YP) in rice. Likewise, anaerobic
germination and their underlying mechanisms were evaluated over two years in lab condition.
Total of 1,14,000 SNPs derived from the 1k Rice Custom Amplicon (RiCA) SRR genotyping with
call rate of 80% and minor allele frequency (MAF) of >5% (24306 SNPs) were used to estimate
the genetic relationship. Genome-wide association study was performed to identify significant
marker-trait associations (MTAs) for traits enhancing rice adaptability to rainfed lowland
ecosystem. The results showed that the level of genomic characterization that applied allows
the prediction of yield traits evaluated in three different production environments. These results
represent the concrete illustration of the genomic selection for potential concerning complex
traits in rice with high abiotic stress tolerance. Eleven genotypes produced higher grain yield and
had higher stress tolerance index (0.60) under drought conditions. While three genotypes were
shown to have consistent performance and high yields during stagnant flooding. Similarly, twelve
genotypes had more than 80 percent germination under anaerobic condition. In drought condition,
overlapping QTL qDTY2.2 and qPL2 were found on Chromosome-2 associated with grain yield
and panicle length. Similar QTLs for 1000 grain weight in Chromosome 8, QTL for plant height in
Chromosome-7, QTL for days to 50% flowering in Chromosomes 4, 5, 6, and 12. QTL for spikelet
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fertility percentage was found in Chromosome- 2,4, 5, 6, 7,9, Chromosome- 10, 11, and 12 where
QTL for straw yield was found in Chromosome- 6 and 11. There was a tendency for unidirectional
positive additive effects, as shown by the fact that 10% of detected QTL showed additive effects
contributed by the recurrent parent and 90% by the donor parent. The QTLs for grain yield in
stagnant flood conditions were found on Chromosome- 1, 2, 4, 5, 7, and 9, whereas the QTL
for survival in 60 cm of stagnant water was found on Chromosome- 1, 2, 3,4, 5, 7,9 and 11. In
anaerobic germination condition, QTL for coleoptile length were found on Chromosome-1, 2, 3, 4,
5, 6 and 9 where QTL qAG for germination was foundon 1,2, 4, 5, 6, 8,9, 10 and 12. Nearly 98%
of identified QTLs showed additive effects contributed by recurrent parents. AMMI analysis of
variance over time of grain yield of 400 rice mapping populations in three environments showed
that PC1 and PC2 accounted for 72.6% and 18.35%, respectively. The study found that QTLs for
traits like anaerobic germination, grain yield, survival in stagnant floods, and coleoptile length
varied over time. Epistatic effects were more significant than additive effects in the population.
The QTL x Environment interaction was found to be a significant factor in epistatic effect. This
interaction is significant for many QTLs, even highly heritable traits. Droughts have been observed
near the center and may be informative, whereas normal irrigation and stagnant floods were the
least representative over the years. Genotypes IR 129077:1-1-19-6-B, IR 129077:2-1-30 -8 -B,
IR129077:1-1-6-8-B and IR 129077:2-1-22-6-B showed the highest average yield and stability.
Therefore, these genotypes can be used as donors in breeding programs and should be promoted

in areas of the country where such environments are prevalent.

At araral Ioared ¥ [eRar (ITS1) &1 ANl @< ¥ ATel TR FIAT qR AT FRFEE
qUR TEH A | ATATCHE ANTEE T3 TwaT el (el (Haer Y FETa AT 99 gvaq ¥ faesar
Fferdt ardraReii I g7, Th g [ aTaraeuraT [qilewe e aeRdrs aeadd T6s, |
T AATAH eI FUTHT AT TecAl &bl ANT = IS, UARIES A0, @S Afewrar, ¥
feR aTET WEd FH AR TSI A= ¥ I T EH G | T3 W (I 9% T ATEAT HEL)
are faefag TR AT GTHE TGS doiiad a1 8 g &TAAT g [aeadrese!
AR AR AT T FANT TRUT foall | 327 99% @€ F, W1 <Are6h9 TR BC\F, Ieq= iz
7 3% BC,F,®¢ BC,F, ¥ & WNTE= & f&gdl | IR ¥4 BC F, @geserg SHIersiae qo7y
I TN AT FANT AT | 99 I+ @rgq BC F,, ¥ BC,F, @18 ®larsiie q@rs 3ca T
g TRueRt | g s EeT MEeHTerd, RETHT R09% T R0%0 AT g% @R disd AT ¥00
ATEAE® AUTHT AT AW ATATARUTHT A HvES [EoTe=HT AMquer fau | feor amdr, goi=e =R @
qard, T fataaar Icred T Iu9 HEied qaeedl [$9R arel Afewar, e eaefiadr ¥ araHr
JCATI &7 Freepl GFawd 9 2 faviTeal dvaivied Faves Ad TRAT | 78 o1, dfereried
HHx0 T faeEdl aaHied dae® YANETHT g5 a9 Hearsd TeAr | & q,9%,000 SNPs 1k
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qeT FEH UFAHET (RiCA) SRR Genotyping aT¢ 50% & & 8¢ T HIGAX U fhaawdl 4%
AT FEl (3¥30% SNPs) ATE ATTANRTF TFIed FATHA T FANT AT | HEcaqul o1 (oA Faes &
qfe=re e Afafaa ard G ATgRAaadr dAfaaig T9 S Fud F AFTT ARAT | AfdToasd
F @GS AT TANT TRUH SHAITHE [T0dqTehl &R A\ 6 IJeaTed ATaraRorHT HedTsd TRue
IUST HIEwH ATHATT T ATAT [a7g | AT AlqSIeed 3= Auiiaeh qard Aes] el ail sfiea
Te® TrATATR AT SAITHE FI9Hl 3 [0 65 | TR Iideedr 3o9 IET T g
qATE WA GeHih (0.50) TSl | Fdfh A Jollideed (€97 el THIH] TarR 929 I
S SIS WU | T, AT TSANAEHH ATFISAE AALATHT S0 FIqerd AT Fel AHKI (9T | @eer
AEITHT, HIHTE-3 A1 QTL qDTY,, ST&H ¥ QTL qPL,, STelTehl &THITE SIS AUHT el
T | FER FTHTSE-5 AT 000 IATHT a5Th], FIHTIHE-O AT STl 39T, HIHASHE-¥, ¥, & T 93
AT HA Fel (&I, RANME-R, ¥, ¥, & 9 %, 90, 99 T R AT ATATH T IAATAR T HIHSHA-S T
99 AT WA IATEART QTL &% HeAl 9 | T @Y FTEAR 40% IAT AETH QTL ATaci Arq+Tas
T R0% (AT AT ARTATT Tl qTeal | feax FATETeRT AaTATHT IeATeAhl Al QTLs HIHSIH-q,
3,0%, 4, © ¥ AT 9rEAT, Fafk go Afrefaer feaw o atsrar anft QTL FESH-, R, 3, %, 4, 9,
R T 99 AT UTEAT | AfRIsTAied HBROTHT, sepfa TaThl aFarsdl anit QTL HHESIH-q, R, 3, ¥, 4,
T & T AfRISTRIEd SRRl AT QTL qAG RIHISHAY, =, ¥, ¥, &, 5, %, 90 ¥ 9 W7 g | ufg=m
MRUHT QTLs HT TAT 5% HI T THEEEHT AT ATAATARH! TNTETT Ir@dT | T ATaAra<ors T
¥00 HMAMAAT gF AAHCITHl IJeATaH! FHIHAT Fa=Tarel AMMI faeesor @i PC1 ¥ PC2 FHHeT:
WRE % T 953U % TTEAT | AAATA ATFITRIEA A, IATEH, (TR ATEMHT df=d T HARRA ATl
ATETg ST fqeTodTewa @i QTLs THAET fqw WUt 91 mar | Epistatic 79 Saedr A7
additive FT@ ST_T 9ET Heeaqul faaT | QTL X ATATaRUIAT epistatic FTd Fecaqul ITgal | IIdes
IR 129077M1-1-19-6-B, IR 129077M2-1-30-8-B, IR129077M1-1-6-8-B ¥ IR 129077M2-1-22-
6-B & i givaeEwHr JeEaH A9 e ¥ ferdr @ | a9y, A geiagserg gor

(oY [d

FTAHHACEHT TATH BIH TAN T Afheg; T AT ATATEVEE HUH STeSH Jaad TRATS, |
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Effect of Supplementing Urea, Yeast and Bacterial Probiotics on Nutrient
Utilization and Productivity of Lactating Crossbred Dairy Cattle in Nepal

Tulasi Prasad Paudel (LPM-02P-2016), PhD 2024
Department of Livestock Production and Management
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

In recent years, researchers have been exploring various dietary supplements for dairy cattle to
enhance their productivity and overall health. This study focused on possible contribution of three
specific agents: urea, different types of yeast, and bacterial probiotics, all aimed at improving
digestion efficiency and productivity in dairy cows. A total of three experiments were conducted.
All three experiments involved separate sets of 12 lactating cows with four treatments, each
replicated for three times in a Completely Randomized Design at Rampur, Chitwan, Nepal.
In the first experiment, inclusion of sustained-release urea (SRU) in the diet improved the
digestibility of key nutrients, which was also reflected in body weight gain. Additionally, the
synthesis and absorption of microbial protein in the rumen were also enhanced by SRU, along
with improvements in milk production and milk quality parameters. Hematology and blood
biochemistry results also demonstrated positive changes. Likewise, improvements in digestibility
were observed in the second experiment when live yeast (LVY) was included. The group receiving
a combination of both live and baker's yeast exhibited the best body weight gain, while dry matter
intake remained unaffected. The supply and absorption of microbial nitrogen were also higher
for LVY. Changes in milk production and key milk quality parameters were better with the yeast
combo. Hematological indices did not show a distinct pattern, while the biochemical parameters
remained statistically consistent. In the third experiment, the digestibility of major nutrients was
higher in cows supplemented with Lactobacillus acidophilus, while the change in body weight
was better in the group receiving Enferococcus faecium supplementation. Furthermore, the supply
of microbial nitrogen to the rumen was higher in the L. acidophilus-supplemented group. No
significant differences were observed in blood indices and the total count of rumen ciliate protozoa
across the groups. Findings thus well revealed that the use of urea has been crucially important
in improving the digestion efficiency and supply of microbial protein to the rumen when fed in
moderate quantities, though the impact on overall health and growth parameters were not very
noticeable. On the other hand, supplementation of yeast could also be instrumental in improving
the digestion as well as microbial protein supply, which could be important to consider in the
dietary management of dairy cattle.

Y c (SN . [ N >
BTl TUETHT FATA Wbl @A Ud Icdashed AMFIg T oANAHeed IXeb ATBRIHB AT
MRREHT B | AT AT I IS AFad] Wb ATERIHT ThEsh FATIT FRTETAH AAT
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Tehr fodT | X ifeasTr ATEarSIRT Ser FAET AT, g yrarnfaddr wuer fase 7 feder
STATIST YTl cFesehl qred THATEFINAl U8 IATahcd Jad= Tl AN eAdd TRUebl T |
FHIAT AT TRIEEE FoTdd TRTH 9T | Ifeadl ST TUETHT 99 TRUS ARAT Garsar
THE HIYF qcdes TETSH AHATHT IR AUR! qTedl | TE GaR FUH qred fHdAThl TATE Treehl
oTiefess qrereT el qureAr aft IfEUET @1 o9 AREuH ARAT GATSuHT MeewHT Srarersr
Jifer FeAT TH o G gE WUHT LR F | MY AqF 3T ITAET T RN [URALH
qEFee (ol qard T IR Foedl 319 9aTy 4fq a¢r TUHT TS0 B | AR GABEE T AT TR
AT GATSHT AT FIR TEH TSUHT G | D, 25T GIerorar Pregart faferet GaRezal A
TvueT fordl ST (St fose @arsuat TeasHT He&d 9Ive qoeaets qrad Aicheb! Jae™ HUH areue
T | IR IUSTETERN IS TAT S G doerwor qaa fafaq fase garwer wwear ganfoosr
Ffauert g | a¥ fafad v g fose fasror w8 garguar e ik dier aewr ar gear TR e
A A wepl qrgwg | At faee gargusr mEeEd dfHE dEa 3 STAE Ud gEe TR a6
QIR TUHT TLTH G | TTAF GAFEEHT T ISTHT THRPT A TATE GCHT IGUA | T TEEA0rar
AFae SAS GATlchdl qadicds Teadd TRUE [9ar STqa aaaeaaad  Uaeiihad
GATSUH Meeeehl Hed GITeH qeaeed] T IR AUH R AMRKE IR T Fraldbihd hiadaH
GATSUHT TMEHT UTEAT | Sfaek GAd! IR TAT AFHT AN ATAYTF KA FITeEh] I
A AT GATUHT MEEEH] Tel FUH TZTH T | AP =P 91 YA 5 HARR
qTaTSiTaTeRl FEATHT A TTATaIaehel JhRel & A9 T SRGUA | T@Tee qaT qigoTd FAFeH]
IR HR AIMGUATT (ATHT ST HTATHT FATT TT&T T=TS &THT T SAfdeh FTiawepl ATqid qanfewet
QU T | YL T &THAT ¥ Stereh Nl ATqferar freaept wamT Geraed fag g7 qa qees gareg
TMSH! ATERT FTLITIAAT AT & TH B |
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Association of Standing Behaviour, Husbandry Practices, and Udder
Biometrics with somatic Cell count and Subclinical Mastitis in Dairy Cows

Dipesh Kumar Chetri (LPM-01P-2017), PhD 2024
Department of Livestock Production and Management
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

The study examined the association of standing behavior, husbandry practices, and udder- teat
(UT) biometrics with the milk somatic cell count (SCC) to predict the risk of subclinical mastitis
(SCM) in dairy cows. An investigation was carried out from September 2019 to March 2020
involving cows with apparently healthy udders subjected to different feeding strategies (pre-,
during-, and post-milking feeding at varying intervals). Behavioral patterns, such as lying time,
bout frequencies, and post-milking standing duration (PMSD) were monitored using pedometers,
and SCC and milk constituents were analyzed fortnightly. The UT biometrics were obtained both
by measurement and by visual scoring, while a single observer obtained hygiene scores of udders,
flank and lower legs on scale of 1 (clean) to 4 score (extremely dirty). Statistical analysis was
performed by SPSS packages (version 25) for univariate ANOVA, Pearson’s correlation, Chi-
square test, and binomial logistic regression. The results revealed that immediate post-milking
feeding (+iPMF) increased lying time (p=0.003) and bout duration (p=0.001) while reducing SCC
at both quarter (»p=0.001, 0.005) and udder levels (p=0.001); were consistently associated with
longer PMSD, suggesting a decreased risk of SCM. The PMSD showed a significant negative
relationship with milk SCC of front teats (p=0.001; r=-0.26) and at the udder level (p=0.001;
=-0.298). Additionally, poor hygiene scores of udder, flank, and lower legs were associated
(»<0.001) with elevated SCC and occurrence of SCM. Further, pre-milking feeding resulted in
higher milk fat, while post-milking feeding could lower the SCC. The UT biometrics, such as teat
length (TL), diameter (TD), and teat-to-floor distance (TFD) were associated with SCM. The SCM
animals had low set udders, longer and thicker teats with smaller udder length, width, TFD and
distance between teats. The increase in TL and TD, and decrease in TFD escalated the risk of SCM
by 11.55 folds for front, 3.88 folds for hind, 9.58 times for right-teats and 8.52 folds for thicker-
teats. Thus, the study highlights the importance of optimizing feeding strategies, cow hygiene, and
consideration of UT biometrics in improving cow welfare, UH, and milk quality. Further allied
research is needed to refine the effects of these issues for improvement in dairy production.

EAT MEEehl I&T-a87 e, fafa= TokHee TaT Fealel T qAewH AAHIdF W9 T ATHTEH
FIYEE AT (SCC) N ¥ HATT T LA g1 (SCM) TRTHT AT T AT HS@ATaE TARTES
TR TRUHT 87 | vy R09%, 3@ ATE R0R0 FF gAaRied Meesdl TRUHE 41 qanes fae

A9 AT 9T fafae ST THITESH T (T AT, Ted FHHAT T TeqSh! [ara qRIaes)
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AT TEhT T | MEeeehl ISH(TT HAEREE S, I Ay, Jiared qaTgel Iaeh ¥ TEarsehl
I3 #atg (PMSD) USIfHer YART MR A9 Aar 99 SCC T Ul F¥=dl FANad IJeare
Q¥ fewepr srvaerardn fasermur AT | Fearer El aTaHidE THEd ATEsH] AT adT Jeae
fRTTaTe gTe e I Fedier, UTvd ¥ GEThl dodl ANTEEH! Sogdlehl AgHh U TIa&dard 9
(@®T) 3 ¥ (fq wrEY) dgEr aEad aikar | TEIEa ANOVA, o= awaeg faeeror, #rg-a+
afvErer 4T fE9ei d faecoor & TETS qUERIu FAH AT SPSS @Tel (FFRIW IY) TART
AT | g1 AT ATAR AT o IAT-TIehl FFedT &1 Gfdfad & a&1 satg (p=0.003) ¥
e TS af (p=0.001) TZET TEAT T 47 (p=0.001, 0.005) F4T Fearer &R (p=0.001) SCC
TEFH I@AT, A A TLHT AT PMSD | FFEg WUHT G ASAT, T THASTHT U AT
SIGH Tdehl Tebd e | FRAfEepl S el g (p=0.001; r = -0.26) ¥ Fedisr (p=0.0001;
r=0.298) ®1 SCC I Hecaqu T HUTCHE T¥awd Tehl S@dT ATd Fodiel, T T GEThl Teedl
ANTEsH! RIRRYAT 3= SCC ¥ U Il JAM@HAT FA=a $9A7 FHEead (p=0.001) &l
ot fEdr | A7 SSERd S Weagdl ATH AR AfEH FH T T Fediel @ed ar T Agcdqol
TR IIAT | 99 faecuurel g AfaedT ATl gATgd aedh! qAT Teqiah! JATATHe] aeraad
SCC weal afe @t | vk Foaler-grHl qATHdFes T AP daHTs, MaATs qa1 TEqeepl T
SCM 1 SIfEH&T FHIfead el 3f@ar | SCM 9UHT TEEHT ATHT ¥ ATST IAes, TAGHH ]
FedlS T G 55 TEHHT AT I fqerepl T8 gdebl afq fgar | qer aw=rg T A agar q4r
a7 3f@ EFFE T Fear SCM &1 SIEH RIS gFAT 99.4% 00, T8TEl 997 3.55 I0m, a4t
T Q. US UM T HIET GAHT & YR UM gl AT | q9d, A Afqoesd qgAT Meesdl Fodl Sl
W@ =9 A ¥ TP U AR T AT FaEATTT AT AR T T ToSATHT FoR
AT FedlST-qAH! ATATHICFEwATs 9 Ifad Fee fadu Teres I9RR =T | A Fecd ol qreresd
TR T ST ITH THIIE%H A (ied AT T @ ATaede g |
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Farming Systems in Rural Nepal: Characterization,
Interaction and Determinants

Pankaj Raj Dhital (EXT-01P-2017), PhD 2024
Department of Agricultural Extension and Rural Sociology
(Chairperson of the Advisory Committee: Ganapati Ojha, PhD)

Agriculture is vital for people's livelihoods in rural Nepal, whereas recognition of the complexities
of agricultural practices in the given niche is important to consider to formulate area specific
approaches that may enhance sustainability and improve the welfare of rural populations. A study
was done in the Ghaghara-Karnali river system in the northwest part of Nepal to identify and
characterize properties of diverse farming systems in western rural Nepal; analyze and determine
the functional relationship and interaction among major components of the farming systems as
well as to understand farming system dynamics for its sustainability; examine the contribution of
crop and livestock enterprises in the socioeconomic dimensions of the rural farmers in relation
to farming system characterization; and assess the determinants of the farming systems and its
components in the western rural areas for a good understanding of the overall rural agriculture and
rural life in 2019. Using the multi-stage purposive random sampling method, 390 respondents were
chosen from the Karnali river system representing all the three geographical area of high hill; mid
hill and plain terai. Jumla, Achham, and Kailali were the representative districts selected. Findings
revealed that three key enterprises - agronomy, livestock, and horticulture - were dominated by
the integration or multi-enterprise farming system. The pattern of household involvement in each
enterprise under study was essentially similar, with nine out of ten households adopting major
cereal crops, about four-fifths of them adopting livestock, and about three-fourths adopting the
production of vegetables. About two-fifths of them had fruit trees in the enterprise, where almost
all of the households were non-commercial in nature. The findings also revealed that family size
was the only significant variable in making decisions by the farmers to adopt or pursue agronomy-
based enterprises. The age of the household head, gender, dependency ratio, and credit facility
were significantly associated with the adoption of the livestock enterprise by the household,
while credit and gender had a negative and significant association with adoption decisions, and
other variables had a positive correlation. Likewise, the gender of the household head, size of
the family, and visit by the extension workers influence the farmer’s decision on the adoption of
horticultural enterprise. Likewise, adoption of livestock was negatively impacted by the head of
the household's gender, ethnicity, size of family, and farmers' interaction with extension agents,
whereas the major occupation of the head of the household and availability to financial facilities
or credit were found to be associated with a greater likelihood of adopting livestock in a different
region. Thus, determinants of the farm enterprise differ in different regions of the high hill, mid
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hill, and terai region. The findings suggested employing a systems-thinking approach to analyze
the farming system, acknowledging that its components are strongly intertwined and influence one
another.

T TAT TATA JITAOT ATRT STTARATSART T AR &1 | T [l q&m7 T Sewe! F AR
STeeAdTeRl &ATTT AT TAT faFTeTe H (TR ITAEE TS d T THh Hecddls SRS T4,
S IMTHO STAGEITH] SAAER AT A1 [T 9 8w | AT AATF GI=H {qTeAebl JITH ARTHT
fasre wfe areRT/Foredr Afg e w1 Auewr faEr | g9 R09% AT IRUHT AW AATT F TS AT
TS a7 BT (G99 Aaciihbeerl AT AT THT BT JoTeiTrl A= T, TGHT YHE TIhe®
A=l TFER ¥ AArharedl feafq e ¥ Tanfacasr amnT HiT qumeel Aiaraty e, & T
SAAFLIET e YA MSATHEEH ATHTISTR ATATAHAT HT T GATA JTHFT ANTE AT
T | 9 TR FAT QU AWAT FATS fAfdr TANT R BT TE JOTATERT & AT ATE I TeTST;, HeA
TETE! ¥ TRTEHT A AR &raehT gfafafaea & R SFT, SBIH T FeTedl foTeam (HTF 320 FIH
TAEE FAF TRUHT (9T | A=A TgHedF TRaRes dd H&I ITH A alfd, FRrarr aqr
TIATA FF(e F BTAAT Tl AT I@ehl @Il | E¥eh STTHT HTH] FEATI TRARETH] HT JUTeAT
&7 ATAR FYF TEH aY T AT (T T IR ST g9 6 W S@ar SIEHT Fd g9 HeX A
XL AATAl JAATEA T, e TeH AR ORGL qeATAd T T Hid =ARAT A GRERT 86 AT
TEAted TR AIAT FARA G ITFUE T TN IRGAT | I AV ETHT ATHT e ST4T ST
7% TR SATIRF TeRiqaT BT T TEhT SFGaT | AaedTaT a7 9f 3@reet foar {6, afearmesr e
AT fFaTe HT FH AT A AT IR T F20 AR T HEaqol AAET ol SR@al | aame
&I Al TR, oIy, (HRAT dmdTe, T ST Ffaem 99T STHATS AUe T {Fameeasr fqurar
AEaaqu IfHE T ATIR @dT Saih hice T [aghl ATUSHT THRIHE T Heqdqo qveed Iaeh
fordt ¥ o7 ATIREEET HRTHS TF= [T T, SRARARET Geaeh fag, Tared! AR, T J9R
FHFHEEF] FHIS ARTEHT SAWEHT qufera fparerr favaar s 7 sfgar | o8 78 qerdrer
HRICHE T @7 el TR W& AIT ¥ [awiid adrel ITaeadl a1 shige AT qd
AT AAIE TH FHATEAT AlTF IRGAT | T AT YTHOT H (AT TR ATNT JOTATarar
TR GART 7 {5k v, TS AT AT &5 [ TTHT Jcag® 9% Th A9 A A=dRar=Id Sl
T ATIHHT JAE TESA HAX THIHT Goh1a fad aferg |
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Avian Pathogenic Escherichia coli in Commercial Broilers,
Layers, and Breeders in Nepal

Rebanta Kumar Bhattarai (VMI-01P-2017), PhD 2024
Department of Veterinary Microbiology and Parasitology
(Chairperson of the Advisory Committee: Prof. Hom Bahadur Basnet, PhD)

Avian pathogenic Escherichia coli (APEC), is the causative agent of colibacillosis affecting
poultry with high morbidity and mortality. The APEC poses significant challenges to the poultry
industry, leading to huge economic losses and impacting food safety. Virulence-associated genes
(VAG) are highly associated with pathological lesions of colibacillosis, the Escherichia coli
reference (ECOR) collection. Antimicrobials are extensively used in poultry production for growth
promotion, treatment, and control of diseases. Poor selection, overuse, and misuse of antimicrobial
agents may promote the emergence and dissemination of antimicrobial resistance (AMR) in
APEC. Understanding the interaction among virulence, resistance trait, and genetic diversity of
APEC, which collectively influence the pathogenicity and epidemiology of these strains, is crucial
for devising effective control strategies. This study was conducted for isolation, identification, and
detection of genetic markers related to the genetic backbone by ECOR phylogroup, VAG, antibiotic
resistance genes (ARGs), phenotypic antimicrobial susceptibility patterns, and association of
genotypic and phenotypic resistance with resistance and virulence genotype in APEC isolated
from clinical cases of colibacillosis in commercial broiler, layer, and breeder chickens. A total
of 487 APEC were isolated from 539 across 300 poultry farms in various regions of Nepal.
Polymerase chain reaction (PCR) was employed to detect VAG, ECOR collection, and ARG.
AMR was determined using the Kirby-Bauer disk diffusion and broth microdilution methods
against 14 veterinary critically important antimicrobial agents (VCIA). The index of AMR, such
as the multiple antibiotic resistance (MAR) index, resistance score (R-score), and multi-drug
resistance (MDR) profile, was determined. Polymerase chain reaction (PCR) was employed to
detect multiple ARGs. Logistic regression was used to identify associations between virulence and
ECOR collection with phenotypic and genotypic resistance in the isolates. In the present study,
most of the positive E. coli (90.4 %) with the highest positive E. coli was found in broiler and
layer (91 %) followed by broiler breeder (89.6 %), and layer breeder (84 %), respectively. The
phylogroup E (18.5 %) was found the highest followed by B1 (17.7 %), A (13.6 %), B2 (8.6 %),
D (6.6 %), Clade I or I (5.1 %), Clade I (1.8 %), and F (1 %) which was found statistically highly
significant (p< 0.001) in several types of chickens. The phylogroup C was not assigned from APEC
isolates. The phylogroups E, B2, and A are associated with the layer, and the phylogroups B1 and
D are more associated with the broiler breeder. Of the 57 VAG investigated, the number of genes
detected per isolate ranged from 8 to 26 genes per isolate, with the top 5 VAG being fimH (100
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%), iss“(92.2 %), traT*(90.6 %), sit chro. (86 %), and ironEC (84.8 %) were identified. Among the
genes, the highest number of genes was isolated from the protectinszserum resistance group (57.2
%), followed by the group of iron acquisition (52.5 %), miscellaneous (15.9 %), adhesin (15.1
%), invasin (2.4 %), and least of toxin (0.4 %), with a significant difference in gene percentage by
types of chicken. The moderately strong, pairwise correlations between MalX and papGlIIl, colB
and etsB, ibeA® and ibeA? papGI and eitB, etsB and aerJ, ompA and sit ep., iss® and sit chr were
found. The prevalence of APEC was 91% (487/539), with an isolate exhibiting resistance to at
least one antimicrobial agent, and 41.7% being resistant to nine. Highest resistance was observed
against ampicillin (99.4%), ciprofloxacin (82.5%), and tetracycline (81.1%), whereas intermediate
resistance against enrofloxacin was observed in 92% of isolates. APEC isolates were sensitive to
azithromycin (96.9%), amikacin (85%), and colistin (95.3%). In total, 482 APEC isolates (99%)
showed a MAR index above 0.2, indicating high-risk sources of contamination. Most of the APEC
isolates exhibited R-scores ranging from 7 to 10. The MAR index and R-score showed significant
differences (p < 0.001) between broiler and layers, as well as between broiler breeder and layers.
However, no significant difference was observed between the broiler breeder and the layer breeder.
Among the isolates resistant to at least one agent in three or more antimicrobial categories, 446
(91.6%) were MDR-positive. ARGs were identified in 439 (90.1%) APEC isolates, with the most
frequently detected colistin resistance gene, mcrl, found in 52.6% of isolates. This was followed
by the resistant gene of beta-lactamase bla,,,, (33.7%) and the resistance gene of tetracycline tetB
(30%). In broiler, the genes mcrl, sull, tetB, and bla,,, were detected at a higher rate (p <0.001),
and in layer, the gene ered, and the broiler catl genes, aac(3)-1V gene were also detected at a
higher rate (p < 0.05) compared to the tested genes. When examining the pair-wise correlations,
a significant phenotype-phenotype correlation (p < 0.001) was observed between levofloxacin
and ciprofloxacin, chloramphenicol and tetracycline, with doxycycline. Similarly, a significant
phenotype-genotype correlation (p < 0.001) was observed between chloramphenicol and the fetB
gene, and colistin with bla,, and gnrd genes. A comparison of phenotypic and genotypic AMR
indicated that the fetB gene was a predictor of resistance to antibiotic agents (OR: 1.91, 95%
CI: 1.04-3.68, p = 0.03) among several ARGs and tested antimicrobials. There was a significant
association between resistance or susceptibility to antibiotic agents (neomycin, ceftriaxone,
chloramphenicol, cotrimoxazole, and doxycycline) with phylogenetic origins of APEC isolates,
notably the highly associated in phylotype B1 than others. The phylogroup C, phylogroup D,
and phylogroup E clade origins were associated with levofloxacin, cotrimoxazole, and doxycline
susceptibility. The most prevalent VAGs (fimH, iss323, traT29, sit.chr., kpsll, iss309, and cvi.cva)
for the APEC were associated equally with all phylogroups. The carriage of the most prevalent
gene was significantly associated with phylogroups D and E (16 genes out of 57 tested). The
carriage of sfa.foc was significantly associated with B2 than others. The binary logistic regression
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analysis showed that a significantly high number of VAG prevalent in the highly resistant isolates
showed resistance to ciprofloxacin and tetracycline antibiotic agents. gnr4 genes and fetB genes
were significantly more associated in isolates positive for VAGs. Commercial broiler, layer, and
breeder chickens in Nepal harbored APEC with varying susceptibility to the tested antimicrobials,
the majority being resistant to commonly used antibiotics. Most APEC isolated from these
chickens may act as reservoirs for ARGs, with the colistin-resistant gene mcr/ being the most
predominantly detected gene. It is noteworthy that ARGs and phenotypic resistance alone may
not determine AMR due to their inverse relationship, indicating that these chickens could be
potential reservoirs for antibiotic-resistant APEC. The present findings regarding APEC strains
for ARGs and AMR profiles may, therefore, contribute to mitigating their potentially harmful
public health consequences. The work highlights the significance of examining the connection
between virulence genotype, genetic backbone, and AMR in APEC strains to tackle the issues
brought about by VAGs, AMR of poultry production, as well as food safety and public health. The
complexity of APEC infections necessitates a full understanding of the problem to successfully
manage and control it.

GedMT AN HIAATFATTT JTHh] HRE qcd QHIT eI TEARTTAT Hrel (TIadl) & S|
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ST, giaere faerear ¥ et fafaadrer=e amrinards 9 9 aMed T 91 STHaEEH
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T AU TRUHT TiraHTShIaades ard | gTHIA TAedl ATedaddl RIgANHided IJcarasl ard
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Service Quality and Member Satisfaction of Saving
and Credit Cooperatives in Nepal

Keshab Prasad Sapkota (DES-02P-2016), PhD 2024
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Bimala Poudel Rai, PhD)

The study attempts to explore the intertwined relationship between Service Quality (SQ) and
Member Satisfaction (MS) within the multifaceted realm of Savings and Credit Cooperatives
Societies (SACCOS) in Nepal. It aims to assess the perceived levels of SQ, evaluate MS, explore the
correlation between SQ and MS, and understand how MS influences SQ. Adopting the SERVQUAL
framework, the study investigates the factors influencing SQ and MS within three SACCOS in
Nepal. In doing so, the research has employed a self-constructed questionnaire focusing on SQ and
MS, tailored to the specific context. Data was gathered from three SACCOS using a cross-sectional
survey approach, involving 1,209 participants for quantitative data, 12 respondents of qualitative
data and three focused group discussion across three districts and some representative success
stories. These districts were chosen to encompass Nepal's diverse geographical regions, including
the Hills, and Terai areas. The factor analysis of the collected data determined four dimensions of
SQ and two dimensions of MS in the SACCOS context. Based on the empirical analysis, the study
has developed the Hospitality, Integrity, Resilience, and Autonomy (HIRA) model, identifying key
dimensions impacting SQ. Similarly, the study has established Reliability and Suitability (RS) as
key dimensions of MS. The analysis reveals a moderately positive perception of SQ, emphasizing
reliability and suitability. The research also explores the correlation between SQ and MS, affirming
a positive association between operational aspects and elevated MS. Practical implications suggest
that SACCOS should adopt a holistic approach, simultaneously enhancing operational dimensions
and member-centric elements. Continuous improvement in reliability, suitability, and operational
aspects is crucial, with a focus on technology for seamless access and transactions. Addressing
concerns related to ethical practices, governance, and decision-making processes is essential for
a uniform and better satisfaction level. This comprehensive roadmap encourages SACCOS to
navigate key dimensions and leverage positive associations between SQ and MS. By doing so,
SACCOS can position themselves as indispensable financial partners, ensuring sustained success
and welfare for their members in the cooperative sector.

Il AFITA TATAHT Tl Tod qaT HI SRR FLTEwH] dgATdNHE SEAT [OrEerd Ja1 T
I -FrAe Areehl Arqavavd @i AT Taeg | TA HaTeh! UEAIAATR TRew T e -qwea ]
HeATEHA T, HATH! TURAIAT T ATAEEH S SATeh G¥aedehl AT T T T HEL T
qES, I BT A AT 6, | SERVQUAL FHaE ATATSE, AATT STSTHT diadl a=d qar
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Effects of Temperature and Sublethal Concentration of Flonicamid on Life Table
of Green Peach Aphid, Myzus Persicae (Sulzer, 1776) (Hemiptera: Aphidiae)

Sabitri Baral (ENT-02P-2018), PhD 2024
Department of Entomology
(Chairperson of the Advisory Committee: Prof. Resham Bahadur Thapa, PhD)

Green peach aphid, Myzus persicae (Sulzer) is a cosmopolitan polyphagous pest of more than five
hundred plant species from at least forty different plant families including some economically and
commercially significant agricultural and greenhouse crops. Its integrated management requires
proper understanding of its demography that highlights the traits and trends in population growth,
survival, and reproduction of this insect. In this study, the demographic characteristics of M.
persicae reared on cabbage (Brassica oleracea L. var. capitata) for two successive generations,
exposure to five constant temperature regimes and sublethal concentration of flonicamid insecticide
were studied under laboratory condition using the age-stage, two-sex life table approach.
Altogether eleven life tables in three experiments were constructed to describe demography of
this pest. Study on life table of successive generation was conducted to construct life table for
two successive generations (F, and F,) of M. persicae in an ambient condition. Similarly, in
temperature dependent life table study, the effects of temperature on development of M. persicae
were investigated at five constant temperatures 17, 20, 23, 26 and 29 = 1 °C, 65 = 5% RH, and
a photoperiod of 16:8 (L: D) h. The growth of stage-structured population for five temperature
regimes was simulated using age-stage specific growth rate and fecundity of M. persicae under
two scenarios of initial population structure. The first scenario was started with a newly born
nymph whereas the second scenario started with the youngest female of age 9 days, 8 days, 7
days, 6 days and 5 days used as initial population structure at 17 °C, 20 °C, 23°C, 26°C and 29 °C
temperature condition, respectively. Likewise, the assessment of the sublethal (LC,;=0.0115 g a.i.
L) effect of flonicamid on M. persicae was also assessed for two successive generations through
a leaf-dip bioassay. The results of the life table of successive generation revealed the intrinsic rate
of increase (7), finite rate of increase (1) and mean generation time (7) of M. persicae as 0.2751 d”!,
1.3167 d', and 15.2 d, respectively, for F and 0.2571 d"', 1.2931 d, and 16.6 d, respectively, for
F, showing significant difference in , 4, and 7 between two successive generations. Similarly, in
temperature dependent life table study, the intrinsic rate of increase (r) of this pest was the highest
at 29 °C (0.3212 d!) and the lowest at 17 °C (0.2157 d"). The developmental rate of nymphs at
these five temperature regimes fit the linear equation, with a coefficient of determination (R?) of
0.98. The thermal summation of the pre-adult stages, the female stage, and the total life stages
(from birth to death of a cohort) was 194.6, 241.8 and 430.2 degree day (DD), respectively. The
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lower developmental threshold of the pre-adult stages, the female stage, and the total life stage
was 0.29 °C, 10.6 °C, and 5.29 °C, respectively. At 17 °C, the mean generation time (7) was 18
d, which declined to 10.2 d at 29 °C. When temperature was 29 °C the net reproduction rate (R,)
was 26.6 offspring per individual which was significantly lower than the R, obtained at other
temperatures. The highest R (54.2 offspring per individual) was at 20 °C. The assessment of the
sublethal effect showed that flonicamid was very toxic to the adults M. persicae at 48 h when
exposed to the LC,,. The adults of parental generation (F ) of M. persicae exposed to the sublethal
dose (LC,;) of flonicamid showed inhibitory effects on the life history traits across its generations
such as reduction in fecundity and adult longevity in F; shortening the durations of fifth instar
nymphs, adult female longevity, oviposition period, total longevity and fecundity of F, and F,.
Side by side, some stimulatory effects on the development of the first, second, third and fourth
instar nymphs in F, were observed in the flonicamid-treated aphids. Although 7, 4, R, T, and gross
reproductive rate (GRR) of F1 generation were not significantly affected, a shorter » and 4, higher T,
and lower R0 of F2 were observed in the flonicamid treatments. The findings also revealed that the
exposure of F adults of M. persicae to LC,,of flonicamid could induce hormetic (both inhibitory
and stimulatory) effects on their succeeding generations. Therefore, the hormetic effects should be
considered when flonicamid is used in the integrated management of M. persicae in crop fields. In
the absence of other limiting factors, the population growth simulation indicated an increase trend
in the population growth with shorter life cycle in the respective order: 17°C <20°C <23°C <26°C
< 29°C. Moreover, the results indicate that the environment having temperature ranging between
23°C and 26°C would be more congenial for M. persicae populations to increase faster. The age-
stage two-sex life table approach could be an important tool in the study of population ecology
and pest management program especially in the country like Nepal where this approach is recently
introduced in the field of entomological research.

AqTepT BT ATET, ATerd GfEa (AR) (TRfger efHRT) Hieqar =nfaq fawar-afear s
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ATAERO-HAT ¥ fa i orawarad T Ol JSATET AT TR TGS T SN
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T (R, 3% feiir dfedear o8 =W 9iq UF 9y A ed far O qadeT afe & aeeeEt
(R,) Ro feir Afeaigar Wy .2 awar 9fd U qrdl 1er el 997 | wliirfag e fesmereer
JUHRSE HATH AT AT TRER Afqs AR, ITAMRT T ¥5 HUSHF Garsal I9 ATerhl
FATHATS STS (UTh TE! TTEAT | T ATET (STAT T (AF ) TS TS HeareTd faerdrat
SYHRE HAT (LC,, HI) T THIHHT AT [qIe@ed AT T 2 TRIiel Hfus qedress s

giqera faaTodmaT MRIaTenes @Y TYehT IIEAT | S, T AR SoATeehl datd giel g, aah
ATHT (A ) 1 AT T g, T ScAad dafd ST g, SFAT T FH g, T®, T TR, TEAH
ISAAER " | 1T FITHg #iadTerd faurdiel SU=R TRUHT AEEeH #el Jag4% AAET,
ST A% [EATHT dieed!, &I, THT T AT AT ToSEEE] AATTH g TUH TTEAT | AF, TEATH
FIEl ATANF FMgay qAT AEa qEATel watg, HAa gfger a9 £ qo=aer T ST goaaee A
SeA@l BT AT TILH HUATIA FATHAHE HIATF ol ITe TR ATeedl Th,
TEATHT GET A=A Figar T AT Figar, ATHT Jrad el qat, a7 FT TIAITaH T Jig TTHT

ATEAT | AAATH AT AAR ST A9 AR qACF GAIee FAFHSH JUaRe qrr (LC,,
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HH) F1 THIHHT AT, 9 [arieed! ATEl TAT6s ghiasd 9aR (Ifaiareds ¥ Jagarens o) A
IR B TG T TTEAT | IS T ATENHT Tebehd AGITITHT T A HFATTHS T TANT e, T
Afard AT |l evifas evers faeaR R 96 | A0, 97 E SIRaar AE0HT, STAEe g
TEEIHOET GIel FaT=rehad qeaied FAMAR 99 < 30 < 3 < 3% < 3% fefi Ifaie s=aen
A Tald 3fawg | AATEH, AT qTIHA <3 G & fel Afeis TUH Faed1 79 ATEH
AT ATRA g ¥ AGEAT dig [qg TAHT gaga qed Al Afqeirel Gebd Tl @ | q9T ST&ql a9,
el JHI-ATT To-Tdg SAAANADT TGAAd HIe [T ATATTHR] &0 q@Y AT JoeT qUehl G,
e IHR-ATXT Te-{AF SAAANAR TFA, TAGEAT IRTATTHT T TSNS SHALATTH HTAFHHBTATNT
Hog=1 AEcdqul gl g1 qwg |
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Improvement on Fruit Yield and Quality of Mandarin (Citrus reticulata Blanco)
through use of Nutrients and Plant Growth Regulators in Dhankuta, Nepal

Amar Bahadur Pun Magar (HRT-01P-2016), PhD 2024
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arjun Kumar Shrestha, PhD)

Mandarin (Citrus reticulata Blanco) is an economically important fruit crop in the world. However,
low fruit set coupled with higher fruit drop is a serious problem of this fruit in Nepal, causing
a significant yield loss. Therefore, a practice aiming to improve plant nutrition and hormonal
balance is very crucial. Despite several research works being done, very limited technologies have
been developed to address these issues in the country. Thus, this study aimed to assess various
biotic and abiotic factors associated with the fruit drop, and investigate the effectiveness of plant
nutrients and plant growth regulators on fruit set, retention, quality and yield of mandarin in
Nepal. A survey study and three field experiments were conducted at the Chungmang research
site of the Agricultural Research Station, Pakhribas, Dhankuta, Nepal, from 2018 to 2022. All
field experiments were conducted on the Khoku local variety aged 34 years old. In Experiment
No. 1, an assessment on the factors affecting fruit drop of mandarin was carried out through a
household survey consisting of 60 farmers as respondents and field observation at two mandarin
growing locations, Chintang and Khoku. The survey showed that the extent of fruit drop occurred
heavily during post bloom stage, followed by the June drop and the pre-harvest stage. The loss in
the yield due to fruit drop accounted for 15 to 20% of total production. The major factors affecting
the bloom drop were natural and physiological, where as entomological and pathological fruit
drop were less reported. The majority of the farmers reported the stresses exerted by the high
temperature, low soil moisture, and drought as the causal factors of the June drop. Regarding
pre-harvest fruit drop, invasion of insects and diseases, including citrus green stink bug, fruit
fly, sooty mold, felt disease, and parasites were reported as the major causal factors. Besides,
poor plant health because of deficient plant nutrition was also reported to be responsible for the
fruit drop. In Experiment No. 2: Effect of plant nutrition on fruit set, retention, quality and yield
of mandarin; altogether six treatments: i) NPK @ 500:250:500 g per tree, ii)) N + K (urea @ 1%
+ KCl @ 2%), iii) NPK + micro-nutrients (boric acid @ 0.4% + ZnSO,.7H,0 @ 0.2% + CaCl,
@ 1%), iv) N + K + micro-nutrients, v) micro-nutrients, and vi) control were evaluated under
randomized complete block design with four replications. The NPK was applied as basal doses,
while other treatments, including micro-nutrients, urea and potassium chloride, were sprayed
three times: first at the pre-flowering stage (27" February), second at fruit set to early fruit fill
stage (7™ April), and third in six weeks after the second spray (17" May). There was a significant
effect of the combined foliar spray of micro-nutrients + N + K applied during the mid-bloom
stage with over 91% higher fruit set during post-bloom than that of the control. Regarding fruit
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drops during June and the pre-harvest period, application of micro-nutrients + NPK, and micro-
nutrients + N + K resulted in the lowest fruit drop. The results clearly indicated that application of
micro-nutrients and NPK reduced the fruit drop by 6.2-15.9% and 25.0-37.3% as compared to the
control, respectively during June and the pre-harvest period. Furthermore, application of micro-
nutrients + NPK retained 61.9-133.3% higher fruits than the control. Similarly, the effects of the
micro-nutrients + NPK were also significant in increasing the fruit size. Likewise, the combined
application of micro-nutrients and NPK had 93.2% higher fruit production and 106.6% higher
fruit yield than that of the control. Additionally, the results showed that juice content increased by
15.9-17.1% than the control with the use of micro-nutrients. In Experiment No. 3, effect of plant
growth regulators on fruit set, retention, quality and yield of mandarin was evaluated using eight
treatments: 1) GA, (20 ppm), ii) 2,4-D (15 ppm), iii)) NAA (50 ppm), iv) GA, + 2,4-D, v) GA,
+ NAA, vi) micro-nutrients (B @ 0.4% + Zn @ 0.2% + Ca @ 1%), vii) GA, + 2,4-D + micro-
nutrients and viii) control. The experiment was laid out in a randomized complete block design
with three replications. The treatments were applied as foliar spray five times: the first spray
started from the mid bloom stage, the second spray after ten weeks, then the subsequent three
sprays at every six-week interval until late September. The result revealed that the trees sprayed
with GA; @ 20 ppm + NAA @ 50 ppm produced the highest bloom fruit set (6.1%) compared
to the control (4.6%). Regarding fruit set during June and the pre-harvest period, a spray of GA,
+ 2,4-D or in combination with micro-nutrients produced the highest fruit retention (3.7-8.4%).
The fruit diameter, length, and weight were also significantly increased with the spray of 2,4-D
or in combination with GA and micro-nutrients. Furthermore, micro-nutrients increased the fruit
number (1147 fruits/tree) and total fruit yield (83.8 kg/tree) followed by 2,4-D. Similarly, juice
content increased significantly by the spray of GA, + 2,4-D + micro-nutrients, followed by NAA,
while an increase in TSS and TSS: TA ratio was obtained with NAA application, followed by GA,
+2,4-D. In Experiment No. 4: Effect of pre-harvest GA, application on post-harvest fruit quality
and shelf life of mandarin, four treatments: i) GA, @ 10 ppm, ii) GA, @ 20 ppm, iii) GA, @ 30
ppm, and iv) control, were investigated, and the experiment was laid out in a randomized complete
block design with five replications. The treatments as a foliar spray were applied two times: first
on 22" October and second on 20" November. The results showed that the highest fruit diameter
(54.6 mm) and fruit weight (104.79 g) were obtained with the pre-harvest application of GA, @
30 and 20 ppm, respectively, compared to the least fruit diameter (54.4 mm) and fruit weight (97.2
g) recorded with the control. Similarly, application of GA, @ 30 ppm performed the best for the
increased fruit color development. Likewise, peel thickness, weight, and hardness were improved
with the application of GA, @ 20 ppm; the difference was non-significant. Additionally, a spray
of GA, @ 20 ppm produced the highest juice volume (39.4 ml/fruit) compared to the control (37.0
ml/fruit), and the highest juice content (58.1%) was obtained with GA; @ 30 ppm compared to
the least juice content (55.4%) in control. Furthermore, application of GA, @ 30 ppm consistently
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increased juice/fruit biomass ratio by 20-24% higher than control, and the lowest physiological
loss in weight was recorded with GA, @ 20 ppm. The overall results concluded that the effect of
plant nutrients, as well as plant growth regulators are significant for the fruit set, retention, and
yield of mandarin.

AT At fearad favad U Hec@qu wARe ATell & | JITT A9erH GeAarHT B Jd qRe ¥
Aferehad el Y WY HH URAGT el IR g T THATETHT HRU TG ATATRl FeATGhed
I TIEEH] TAATHT GY FH WH G | A THATEEATS G (G6aTe] @radees T gHee Jed
FETATIFATE. THIETE T Alehes; | TrAeATHT TR AT e HUArde, ®d Fid qa7 &9 Bl
AT AT R SATETH] AT @raaed T 8THI SaRATImeT | Heaae (b 7 TR
fawg | 79 FREHT FA A ARA T B Wi GHRAEEH It AaETIAH AT (qFaTd! @redcd
qAT EHA TANTH THATTHAT AR AATT T I Grad [araer AT A7 Feqd= TRUHT al |
ftheg F @ F T 94, TAAH] Bl FH AW JIT B vl GHATH FRIGES] ATTHR [
IEYAA TATART QAT TeTST aekal feetrerl f@raTg ¥ @i MSH F §0 AT FUFawars T
TR Tk AT AeATT TRUHT 2T | FFeq0rept Afq d@R, T qwaT TE A BeAd! fAtaar ane
FHTAT T S5 HEATHT W Sf@al 9 el Sheiere 4 g 0 IITTqaeq Geaell JATETHT HH A3
IMGAT | HeAB! (AT ATEITHT IR TAT BRIETH] PRUGE Feal Tehich AT AT Fieberciept
FRUEET el el TPl 741 TRUPT o2t | & T 5= qThd, 9 =T J97 qEar qared
FRU & I TGl e el TWH TgTEAF [haTesdl el Heurel RUrd g | @read, gad aqr
w4 foe 99 fafes ufas TR THEERIan aidl Aead & ATaedT &g, Jgerd, aaahared
AR T FFANTHT A R09% /30 3f@ 3039 /33 FERHET FE ARuar foEr | Swdfad a9
TRAIEAES ARG 1. feomg=ar 9T AR, fd9 ¥ 9iF e SIrATuR THA FIL TRUH 3%
Y IHIHT Gl SATAP] AT e AT (TR FAEEER] a1 HeAAToh ALAAT TRUHT (427 | @rarae
IV AFTT A Q) AT FERRA: GIEd (L00:340:4.00 ITH Ifq &A1), R) Argaed (9%) +
e (1%), 3) AT HERRE: UIETH + G&H @aded (AR 0.¥% + & 0.3% + ®edaq 0.9%),
¥) AL + 9E + &0 @Ea, Y) 969 @Ead, &) el I [@iae g hiaesT ST=resd!
foreamdT FERaR AATT TRURT 92T | TSR Uidee diedl 9ah Hd ol T4, arSl 9ah T ane
T g HATRTH] AT ATTH Jeh Ig AT T TPl AT g 8l g T & A g & TUep
[T | TETuTeRl A ATER GEH @rced, ATgars a9l YIarHel HHE TANT S AfgAT q4r
TANT Feglel A2l ST AATAT 14 2% IR 1%.3%; T BTHTd THIHT Y. 0% I 30.3% FF &
FHH T Fichel AT I FTHT (94T | T8, qleedl a9 a9 R09% AT 9.4% 3G 3.4%, T 2050 a9 a9
030 AT 4% MG 3% A BIHLY GHIAT Bl SIEHT el AT I WUHT [T, STHAT &R
QA + ATSe S HehRAAETEH AHH Frald =l §9.2% a1 133.3% ¥ F¢1 e areH
Afguer Afq aTEaT | WET TR TANTT Fefl AT T Al GHT Fei@HTa AT I8! BT | 7]
TP F&H GIEIAE + ATSe o HEhRE: GerHeH I FANT Jiqaie sl F@T T STFAT Hefehl
JcATG hrglefehl TAATHT hHAM R3.3% T 90%.%% &I IaTaA feuar foar | td ®=ud &H GraAdca bl
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TFHS TANT AT ATZAS: BERRE: GIETE T AT + G (AR & Tl JTAReE Hel
T AR AT THT AIAT QU.8% MG 99.9% I T G JURT {447 | Arar AsTreh! TaTel Tqeh!
FA FATA ST TITIHT ATAT Fealel & 80 fqayept qemmar 99,00 foa afaqsm et faar | =emdy
FHIF TeT0T i Q) et tfaeg (k0 9w, ) 2,¥-31 (Q4 9dew), 3) .0 (o qrdeH), ¥)
Rafa® Tfas + 3,¥-31, W) afas tfag + AT, ) 959 g@/@ad, 9) Safas tfag + ¢80
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TEHT AT AT FaHT ¥ 5% HIT Bl ANHl (997 | Td &9 i TS + ,¥-SLH Tha qdr
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JATIFIT AT g9 TUAT TZehl (93T | T Feeiiga AIAETRT FARTS TIHT T 3.9% I 5.¥%
T ATHEH SICHT TEehl AT T FUHT AT TR SHAERT AET Rkl AT AGHT TATAHRT @0 |
AR g9 AT ATAR R,¥-3 Thd qdT (aldd UEE ¥ J&H @Edeaeedih (HHewsed
AT el 2T T A1 g Jed@erd Jord qIeepl {937 | STETE ATTTHT GeH @raaacaeeh!
JARTETE Jiqate werdhl T Il Seht (19%9 el /d1d) AT SR (535 fal/dre) afearor
qrEAT ¥ ITHTAT R, -7 TARTHT Afaqetm 6 faar | a9 g fsfas ufag, 2 ¥-S1. T 959 grerdoe
AR TARTA THHT AT Ied@rird ®IHT qebl (97 | X TR e goAaefiad 3« qard T e
AT S I&T: A=A AR AqATT (olfad TEE + 3,¥-S1. AHHTR AT TF. 0T FANTH
T TEhT faat | e et ufae wRierr avaid fafes tiassr =R wee Srares: §) fafas
tfag qo drfiuw, ) fafas wfag 0 ddew 3) fafas tfag 30 drfiow, 7 ¥) &= T =R
JHRF HTde® Bl (a0 T4 g5 Taeh TANT TRUH! (97 | GRre0renl et S9aR, ® e fatds
TTISHT FARTA FAd die AT TR Fel@rid ®IHT ghg TUHT ASAT | AATTHT AT IR,
WAR! THF AAT AT SRR AIT FZF q80A 99 gaedd foefas uag 30 fafqes sree
AR FHTAEAHT THH] AT ATIehAH Tgehl (81 | TH ATATH] THY AT ATAR, & Graacd
AT ATEATSTT q9T AeTaehl JasTor et a1y fsfers ufag, 2 ¥-<1 991 uA.0. 0 %1 afqsror sreesea
AT GrAATHT T8 el TS, Tl $hel AT AT AT Fefhl IeAEH ¥ SATGHAd 18
THHT Fect@H T IfHET Got (=g Wl 3 |
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Production and Marketing of Large Cardamom
in the Eastern Corridor of Nepal

Surya Mani Dhungana (AEC-03P-2016), PhD 2024
Department of Agricultural Economics and Agribusiness Management
(Chairperson of the Advisory Committee: Prof. Punya Prasad Regmi, PhD)

Despite of the most expensive and oldest spice crop, large cardamom growers and traders are
facing multidimensional problems in production and marketing. This study was done to assess the
production and marketing of large cardamom growers in the eastern corridor of Nepal. Primary data
were collected from 480 households that grow the large cardamom during January-February 2022
by employing a semi-structured interview schedule and face to face interview. Four focus group
discussions and 34 traders, and 20 experts were also conducted for supplementary information and
validation. The Cobb-Douglas production function was used to determine resource use efficiency.
Financial analysis was explicated for the viability of the farm business. Econometric models such
as tobit, probit, logit, and log linear regression analysis were used to analyze factors influencing
adoption index, varietal preference index, household commercialization index, choice of marketing
channel, labor sharing, and household income. The study also examined the growth and stability of
large cardamom production using the compound annual growth rate and Cuddy-Della Valle Index.
Findings revealed the production elasticity of 0.526, indicating a 0.526% increase in production for
every 1% increase in inputs. The cost of gap filling resulted in a 99.45% increase in marginal value
product with a positive coefficient of 0.13. If 20% rise in production costs leads to a decrease in
net present value from NRs. 1,536,006 to NRs. 1, 265,812, internal rate of return decreased from
71.31 to 57.78, and benefit-cost ratio decreased from 2.14 to 1.78, reflecting lower profitability,
though farming is still feasible. Adoption rates of production management practices were 0.49
and 0.47 in the Mechi and Koshi corridors, respectively. Adoption intensity was influenced by
factors such as ethnicity, income, labor-sharing, house type, corridor, and training. Variations in
commercialization levels were observed across the corridor. Growers in the study area showed
a preference for high-yielding varieties; the most popular one was Ramsai. Labor sharing was
common, especially during postharvest operations. Post-harvest practices such as cleaning and
curing were widespread. The price of large cardamom was informed by the Federation of Large
Cardamom Entrepreneurs Nepal, collection centers, and direct market visits. Fourteen marketing
channels were identified, and the most dominant channels were collection from farmers via
regional trader to India, exporter to India, and local trader via regional trader to India. The findings
highlighted the importance of market extension, with 86.13% of large cardamom exports going
directly to India. Positive compound annual growth rates (export value and quantity) indicated
market expansion, despite declining prices. The decomposition effect underscored the importance
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of productivity in large Cardamom production, emphasizing the need for targeted agricultural
improvements. Policymakers should focus on providing financial support and incentives to
improve seedling quality, implement appropriate technology, and address labor sharing practice,
considering the emphasis on strong returns and the recognized production challenges. The findings
also hinted at the positive impacts of education and training in various aspects of commercialization
and the adoption of production management practices. Thus, the enhancement of farmers' skills
should be invested in training and exposure visits.

HAATEATS ATHIATAT “Tell G 9o fafs, o1 FERET FaIo=aT WHAT T JG1 7SS 7Gqer vl a7 |
AT GATHT ITATET ¥ TR AARAT HAT3H T FEAS T 0 WAL T HgsTeIaT TqTeqerl TAT
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e T 9R,%4,593, ATRE JAha R 9q.39 d1E 4995 T AH-ANE F991d 9% dE 1.9 AT
AT Tered fgdn, qurfn we=r @A avh wearide f@ar | T= ¥ Bl #RERAT IAeT g
YATAEEH] YU a2 FHM 0.¥% T 0.¥9 qrgal | TBU dIgarels AT, ATd, ST AVharl, HTehl
ThR, FIRSR, T GRTEO AT FRFEs FRT FATGd TN IGAT | S5 JATEA 67 T ATqgeers
grafaear fEguar qgar STEHeT THATS Tl iR SfEar | F=E T Bl FSrer 9w Wy are
ETERE FIIEEHT 57 ATSHIS TUH! ST, &7 T@Ted T TS Arar MRUPT @ dAe=r IaHT
T HETHE, T dheg ¥ (98 aeidre fFarer Hed o @vrs s weep argdn fatae 9% aar astwe
TATA ATRHT FATET Jaferae TRUPT AT | FeAMEd AAHTHR 5593 % AT TRAAT S 8ol TR
faeaR#! HedadTs YreT IRl B | [HATqH! A T AW Th4ig Aud gig R uE ara aeii
foear PRI f@ar | faeed garEer A= IR ¥ SRR adrE Heed (4, ST g fHatad
Tfatafaes FoTeE! ATTITHAT B | AT fTEard ey GUR T, ITIh IR Gfatd qasT ¥
HGTH! AATIATS HEATI TG FoAl AT FEART T IedTied THH LT Fiegd THIE, | Aaariiesor
T ATl LTI Yiaiges AIATS AT [qraeT &1 RIeAT ¥ AAHPT A FHRIHE eIl
fFaTer AT Fersd aTfad T Aaaied THUHT TRl THIE, |
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Conflict Sensitivity Commitments of International Organizations
and Their Local Practices in Nepal

Sampat Jamarkattel (RUS-03P-2015), PhD 2025
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Bishnu Raj Upreti, PhD)

Since three decades, conflict sensitivity has increasingly become a global agenda of international
aid-communities. But, its implementation in aid delivery practices poses numerous questions and
concerns. The concept was coined in mid 1990s when the aid practitioners and aid organizations
realized that the aid interventions were largely doing harm and posing negative impacts on conflict-
affected situations. Building on several evidences of conflict-affected states in Africa, the Middle
East, and Asia, scholars have widely acknowledged that aid can be a strong factor of exacerbating
conflicts and tensions among the beneficiaries as well as among the parties of conflict. Such
findings heavily urged the aid communities to redeem their interventions with extra caution so that
unintended negative impacts are mitigated at all stages of the project cycles. Consequently, the
donors and the implementing organizations allocated a chunk of resources to devise different
approaches, tools, and techniques to identify the negative impacts of aid and make their projects
more sensitive towards conflict. To date, several such approaches have been devised and tested
among the aid projects. Still, there are gaps in understanding about conflict sensitivity and its
articulation in real practice. By default, the aid recipient countries and communities are poor and
vulnerable, and they are compounded by one or other effect of conflict and fragility. Depending on
the level of conflict, some countries are facing humanitarian crises and emergencies, some are
implementing post-conflict development and reconstruction interventions, and some are carrying
out peacebuilding initiatives; while humanitarian, development, and peacebuilding interventions
could overlap in many instances. Conflict-sensitivity practitioners suggest that conflict-sensitivity
is relevant and applicable in all contexts, whether it is emergency intervention, development or
peacebuilding. It therefore requires a granular conflict-analysis to understand the conflict context.
Conflict analysis gives foundational strength to understand the interaction between aid interventions
and conflict context. Ultimately, the projects can be designed in such a controlled way that they
can do good or avoid the potential negative impacts. In an operational environment, various factors
are likely to interact with the conflict. However, such factors are not receiving enough attention in
research. Indeed, there is a vast gap in determining whether the policy commitments made by
international organizations regarding conflict sensitivity, which are intended to enhance aid
effectiveness and sustainability, have been properly followed and applied. In this context, this
study aims to address some of these concerns and better understand the conflict-sensitivity practices
in Nepal's context, considering this as one of the conflict-affected and aid recipient countries in the
world. The major research question of this study is how the international cooperation agencies
have devised and operated the conflict sensitivity approaches in aid interventions in Nepal. Hence,
this study deals with three specific objectives: (a) to explore the approaches, tools and guidelines
of international organizations with respect to conflict-sensitivity commitments of international
organizations, (b) to examine the institutional practices on applying conflict sensitive approaches
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on aid-resourced interventions in Nepal, and (¢) to analyze operational state of conflict sensitivity
and their implications in projects and programs of international organizations' involvement. On
the grounds of these three objectives, this study seeks to contribute to academia with knowledge
of conflict-sensitivity constituency, its policy, and practical gaps and further scope of research
needs. Gorkha district of Nepal, located at middle part of the country, is carefully selected as the
primary study site considering (a) conflict confluence during the armed-conflict time, (b)
concentration of aid communities since many years, and particularly during the post-earthquake
recovery and reconstruction phase after the 2015's devastating earthquake, and (c) comparative
advantage of accessibility for research given the time and resources. The employees of aid-assisted
projects, programs, and organizations, as well as the aid beneficiaries and local stakeholders,
including political representatives, journalists, and local intellectuals, were the key informants for
this study. Mainly, the key informant interviews were carried out with purposively selected
participants, accompanied by semi-structured questionnaires. Besides, direct observation and
content review of reports and published/unpublished sources of information collected from the
aid-related communities have been carried out. A deeper case analysis is also carried out in one of
the beneficiaries' communities to understand how some of the projects are declining the key
concepts of conflict sensitivity. Literature review is, of course, an important part of the study.
Further triangulation is used by formal and informal interviews with senior people who are situated
at policy levels of international organizations and government offices. This has largely helped to
validate the findings. This study has used the reports, publications, and guidebooks produced by
aid communities to a large extent to draw the theoretical concepts. Methodological theories have
helped to devise the study in an exploratory fashion. A qualitative approach is used while analyzing
the findings with narrative descriptive analysis. Major field-works were carried out during late
2019 and early 2020. However, review of documents and validation are constantly carried out both
before and after the fieldwork. The major findings are presented and discussed in line with the
research objectives. As explored in objective one of the studies, different international organizations
are found with varied level of policy commitments with respect to conflict-sensitivity. The
organizations that have expressed their policy commitments through published documents possess
amore or less similar understanding of the key concepts of the conflict-sensitivity theme. However,
not all of them have equally considered the conflict situation as an important agenda item to design
their projects. The European donors have seriously stated 'conflict-sensitivity' as one of their
foundational commitments to work in conflict-affected situations. They have equally spent their
resources to devise tools, techniques, and approaches for their application and mainstreaming. The
United Kingdom government's international aid agency, known as FCDO (formerly the DFID),
seems much ahead on policy commitments and investments for conflict-sensitivity. Comparable
commitments can be found with SDC, GIZ, World Bank, Asian Development Bank, and UN
Agencies. However, they have less investment in policy processes. USAID's commitments are
limited to conflict analysis, and their objective is more focused on stabilization rather than conflict
sensitivity. GIZ focuses on safeguarding, whereas JICA wants to use conflict sensitivity for
peacebuilding purposes. Fund-managing international organizations like CARE and Oxfam have
also published the policy commitments, but their policies are largely guided by the funding sources
that they grab during implementation. Some of the major Nepals' donors, like India and China, do
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not possess any policy commitment for conflict-sensitivity. Similarly, newly emerged fund
managers, and particularly the private sector international organizations, do not possess explicit
commitments to conflict-sensitivity. But they tend to tune their documents as required by their
donors. The international organizations that have regarded conflict sensitivity as an important
agenda in aid practices have equally considered conflict analysis as one of the foundational
requirements to drive their interventions. To make conflict analysis more robust, they have created
several tools and guiding questions. Agencies have developed context-specific tools and techniques
to gather the desired information. FCDO possesses a long list of different tools for conflict analysis.
Meanwhile, other organizations have also adopted scholarly developed and customized tools for
conflict analysis purposes. Conflict Analysis Framework (CAF) is a frequently used tool by USAID
and the World Bank, whereas they intend to focus on different kinds of information. Despite the
different techniques they employ, they have expressed policy commitments at least for doing 'no
harm' and avoiding negative impacts of the interventions. While examining the institutional
practices on applying conflict-sensitive approaches as per objective two, the results show that
international organizations have not fully articulated the policy commitments at the field level. To
translate their policies into practices, their employees and partners need enough capacity to
understand the policy and enough ability to act upon the policy commitments. In contrast, the
policies of international organizations are evident in papers, and their employees are rarely aware
of the institutional commitments. In Nepal's context, international organizations scripted 14-points
Basic Operating Guidelines (commonly known as BOGs) for conflict-sensitive development,
when the country was passing through the armed conflict. However, many employees working in
aid-assisted programs are found unaware of the BOGs. Those who appeared informed about the
BOGs were also found to be unknown about the key messages. Very limited organizations,
particularly partnered with FCDO, have shared 'Risk Management and Safe and Effective
Development' tools developed by DFID-GIZ's joint Risk Management Office (RMO) with some
of their staff. Still, such organizations have not articulated the tools to the field-level employees
who regularly interface with the beneficiary communities. The results conclude that many
organizations are working without any acknowledgement of the conflict contexts. Such
organizations exhibit an absolute blindness towards conflict and can be termed 'conflict-blind'.
Whereas, very few organizations can be viewed as if they are conflict-sensitive because of their
staff's cognitive abilities. They are somehow able to refer to conflict-sensitive principles in
conjunction with their interventions. Such organizations can be termed as conflict-sensitive 'by
chance. A handful of organizations and employees can relate their interventions to the basic
concepts of conflict-sensitivity. And, it is possible to mark them conflict-sensitive by design. To
analyze the operational state of conflict sensitivity as per objective three, the study focused on
various operational issues that are prone to interact with the conflict situation, such as targeting,
partnership, procurement, relationship with communities, partners, and governments, community
feedback and response mechanisms, and exit plans of international organizations. The information
collected from local communities, local stakeholders, and through direct observation revealed big
fault lines in the implementation of the planned projects. In fact, the development interventions are
found to be unable to address the root-causes of conflict, they are contributing to creating tensions
and divisions due to their exclusion errors or politicization of the resources. Their interventions are
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not able to promote the local economy, and they are exiting the projects without ensuring post-
implementation accountability. Analysis of some cases proves a very negligible amount of budget
is reached among the targeted beneficiaries, and a chunk of project costs is spent on administrative
arrangements of the involved organizations. This has clearly disregarded the global commitments
made by international communities on 'aid-effectiveness' through the Rome Paris, Accra, and
Busan conventions. Despite that, some practices at the communities are seen as promising to
strengthen the capacities of local communities in terms of empowerment and promote local
institutions. Still, they are found captured by limited local elites and powerful people. In conclusion,
conflict-sensitivity has remained only as a commitment of international organizations in their
policy documents without proper implementation and mainstreaming efforts over time. The tools,
techniques, and approaches are designed impressively to discuss at the high-level forums; their
application in real conflict-affected situations is very far behind. The weaker implementation of
conflict-sensitivity principles and operationalization of conflict-sensitive issues are directly
associated with government policies and the government's candid surveillance of the aid system
within a country. Therefore, without sincere engagement of local authorities on proper selection of
funding sources, proper selection of implementing partners, proper monitoring and evaluation of
actions and behaviors of the involved actors, and assurance of expenses among the target
beneficiaries; objectives of conflict-sensitivity remain unattainable. Conflict-sensitivity should be

the agenda of recipient governments, not only of the donors or implementing organizations.

T QR]0 Pl TIHAT U HABEEHT IS FLAEd TAT ETIdles qe=rad TaHTe qi
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quepl 3faws | A1 yiqagdre! @re Hrawadde dT Teradr T 9 GLHR & TArEl graeprore
A S g afaeg |
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Evaluating Herbage and Chemical Constituents of Fodder Maize Considering Best
Sowing Time, Density and Nitrogen Levels in Inner -Terai Condition of Nepal

Sujaya Upreti (ANU-03P-2018), PhD 2025
Department of Animal Nutrition and Fodder Production
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

A series of research experiments was done with the main objective to evaluate the production
potential and chemical constituents of major cultivars of fodder maize at different dates of sowing,
density, and nitrogen level during spring and winter seasons to generate technology to help
increase fodder supply in the inner Terai condition of Nepal. The experiments were conducted
on February 1% 2021, 13" September 2021, and 6™ February 2022, respectively, at the National
Cattle Research Program, NARC, Rampur, Chitwan. The treatments were set in a 4x3 factorial
arrangement of two factors: variety and dates of sowing; and a 3x2x2 factorial arrangement of three
factors, variety, density, and nitrogen level in a Randomized Complete Block Design (RCBD). The
fodder maize varieties were Arun-2, African Tall, J-1006, and Pratap Makka Chari-6. Three different
dates of sowing were 1* February 2021, 15" February 2021, and 2™ March 2021; fodder density
was 1,66,666 numbers of plant/ha and 2,22,222 numbers of plant/ha, and nitrogen levels were
150 kg/ha, 200 kg/ha, 300 kg/ha, and 350 kg/ha. Findings revealed that dry matter yield varied
significantly (p<0.05) by date of sowing, which was highest in 2™ March (7.07 t/ha and 7.24 t/ha)
at 75 and 90 DAS, respectively. African Tall sown on 2™ March and harvested at 90 DAS had
produced the highest dry matter (7.99 t/ha) yield. Similarly, African Tall sown on 1 February and
harvested at 90 DAS also resulted in the highest mean crude protein percentage (6.79%), though it
was statistically similar (p>0.05) with other treatments. Results also revealed considerable impact
on mineral composition and digestibility of fodder maize, mainly due to low ADF content in low-
high plant density at 75 DAS. Similarly, an effect was also found on the non-nutritive component
(ADL) in low-high plant density. On the other hand, dry matter yield differed significantly (p<<0.05)
among the interactive combination of treatments during the winter season. At 90 DAS, J-1006 had
the highest dry matter (9.52 t/ha) at a high nitrogen level (300 kg/ha) and the least dry matter (5.02
t/ha) at a low nitrogen level (150 kg/ha) whereas Pratap Makka Chari-6 had the highest dry matter
(9.29 t/ha) production in the low-high plant population with the lowest dry matter (6.46 t/ha) for
high-high plant population. Besides, it was more palatable with the highest mean crude protein
percentage (12.76%) in low-high plant density, though it was not varied significantly. On the
other hand, the biomass production, net return, and benefit-cost ratio varied significantly (p<0.05)
among the treatments in 90 DAS. Both African Tall and Pratap Makka Chari-6 had statistically
similar biomass production of 30.75 t/ha and 30.82 t/ha, respectively; net returns of NRs. 134.40
thousand/ ha and NRs. 129.80 thousand/ha, respectively, and benefit-cost ratios of 3.07 and 2.97,
respectively. In conclusion, the findings of overall research indicated that there is variation in
biomass yield, nutrient composition, polyphenolic contents (lignin and nitrate), net returns, and
benefit-cost ratio of fodder maize varieties in different dates of sowing with respect to varied
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nitrogen levels and density. Biomass production of African Tall emerged most promising in terms
of sowing dates, while J-1006 in terms of high nitrogen level, and Pratap Makka Chari-6 in terms
of low plant density.
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gfq eprs STAFHT faarsr T Iar FRE deaesd Oih JATGTHT AT UTeehl ITSaT | JcATaH!
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Enhancing Herbage Mass Production Potential of Teosinte (Euchlaena
mexicana L.) in Combination with Common Fodder Legumes

Birendra Khanal (ANU-01P-2017), PhD 2025
Department of Animal Nutrition and Fodder Production
(Chairperson of the Advisory Committee: Prof. Naba Raj Devkota, PhD)

Determining appropriate sowing dates for teosinte in combination with common fodder legumes
across the seasons is the least researched, focusing on higher herbage mass production in Nepal.
Under this context, a preliminary household survey was first done to identify socioeconomic
issues related to the choice of common fodder for cultivation. On the basis of key findings
from the survey, three consecutive experiments were conducted to assess the effects of sowing
dates on herbage mass production, chemical constituents, and gross margin return of teosinte
in combination with common leguminous fodder. Out of three, two experiments were done at
the Directorate of Agricultural Research (DoAR), Nepal Agricultural Research Council (NARC),
Banke, Khajura, for two years, and one verified experiment was done at a farmer’s field during
the second year. Findings of the household survey revealed that teosinte was more profitable than
maize. Additionally, most farmers did not like the concept of mixing teosinte with lablab bean,
whereas cowpea was considered one of the best fodders along with teosinte. While conducting
field experiments, sowing dates were varied. In the first year, the first sowing was done on 18"
April, 2018, and the subsequent two sowing were done at 15-day intervals. Teosinte, teosinte
+ cowpea, teosinte + rice bean, and teosinte + lablab bean were fodder combinations that were
cultivated. In the second year, in both experimental sites, lablab bean was omitted as a treatment,
and some modifications were made by adjusting the highest yielding sowing date of the first year.
Accordingly, the first sowing was done on 8" April, 2019, and the subsequent three sowing were
done at each 10-day interval. Teosinte, teosinte + cowpea, and teosinte + rice bean were fodder
combinations that were cultivated. The sowing dates were considered as the main plot and fodder
combinations as subplots under the split plot design for both years’ experiments. Each treatment
was replicated five times. The first harvest was done at 70 days after sowing, and the second, one
month after the first harvest. Findings of this research revealed that mid to late April could be a
better sowing date in obtaining maximum cumulative green and dry herbage mass production, if
teosinte is sown with cowpea. The highest cumulative green and dry herbage mass was obtained by
fodder combination if teosinte sown with cowpea at DoAR, NARC, Khajura. A similar pattern of
herbage mass production was obtained on the same fodder combination at the farmers’ field. Plant
height and tiller density of teosinte, as well as plant height and density of branches of legumes had
major contribution to higher herbage mass production. The highest crude protein and moderate
Neutral detergent fiber content was obtained from the fodder combination, teosinte + cowpea,
indicated high quality fodder. In addition, the highest gross margin return was also obtained from
the same fodder combination in both years. This finding signifies the message of the need to
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consider the sensitivity of sowing teosinte in combination with cowpea as a promising fodder
legume, whereas this sort of combination would be more relevant to commercial dairy farmers,
as most of them have been ignoring the concept of selecting appropriate legumes to combine with
teosinte to improve both the quality and quantity of fodder harvest in a given unit of land.
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Value Chain Dynamics and Trade Performance of Lentil
(Lens culinaris Medik.) in Nepal

Binod Ghimire (AEC-01P-2019), PhD 2025
Department of Agricultural Economics and Agribusiness Management
(Chairperson of the Advisory Committee: Prof. Shiva Chandra Dhakal, PhD)

Lentil, being a key pulse crop in Nepal, offers substantial production opportunities and boosts
household income and nutrition, showing diverse market and export potential. However, being a
prioritized export crop, Nepal’s lentil sector suffers from low productivity, limited technology, weak
value chains, policy gaps, and insufficient research, hindering self-sufficiency and competitiveness.
This study was planned to evaluate the value chain dynamics and trade performance of lentil,
focusing on farm profitability and efficiency, market performance and efficiency, export
competitiveness, and upgrading interventions. Primary data were collected through surveys at
producer, trader, and enabler levels, complemented by secondary data and methods such as focus
group discussions, key informant interviews, direct observations, and rapid market appraisals.
Data from randomly selected 473 lentil farmers in Rautahat, Dang, Bardiya, and Kailali districts
were collected through face-to-face interviews using a pre-tested and semi-structured interview
schedule. Additionally, primary data from 155 lentil traders, including local collectors, aggregators,
processors, wholesalers, and retailers across 12 market hubs in Nepal, were gathered using both
simple random and purposive sampling through face-to-face interviews. A rapid market appraisal
was also done to gather data from exporters and importers in both the domestic and the Dhaka
market. Additionally, a survey of 85 lentil business enablers was conducted using Google Forms.
Both descriptive and inferential analyses were conducted using tools such as value chain mapping,
Likert scaling, SWOT analysis, and various mathematical models, including compound annual
growth rate, instability index, revealed comparative advantage, export performance ratio, gross
margin, benefit-cost ratio, producer’s share, price spread, marketing margin, and marketing
efficiency. Econometric models like Cobb-Douglas and Stochastic Production Frontier, Tobit
regression, exploratory factor analysis, seemingly unrelated regression, and multiple ordinary
least squares regression were analyzed using MS Excel and STATA 13. The study revealed that
lentil farming is mostly dominated by small-scale farmers, earning an average profit of 40% as
gross return with a benefit-cost ratio of 1.78, and 11.2% contribution to their total agricultural
income. Resources were not optimally utilized, and to achieve maximum return, the model
revealed that expenses on land preparation, seed, nutrient, and plant protection cum irrigation
should be increased by 27.6%, 80.8%, 33.1%, and 97.9%, respectively. Whereas expenditure on
labor, harvest, and post-harvest activities should be decreased by 30.1% and 23.6%, respectively.
The model estimated a mean technical efficiency of 61.5% for the pooled sample, ranging from
23.0% to 89.9%, with education, group membership, weeding practice, seed type, and farm size
as positively significant determinants of efficiency in the production of lentil. The primary lentil
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marketing channel, accounting for 44.56% of total transactions, was local collector-processor-
wholesaler- retailer- consumer. The top four lentil traders in Nepal controlled nearly 64% of
purchases, indicating moderate competition and market imperfection. Further, the market chain
lacked collaboration, communication, services, and formal links. Processors obtained the highest
profit share (36.02%) and value addition (37.59%), followed by producers. The price spread was
42.13% (67.11 NPR/kg), with 57.87% producers’ share and 2.60 marketing efficiency. Marketing
cost and selling price were the significant determinants of marketing margin. The sustainability
performance of the lentil value chain was moderate, with an average rating of 2.99 and a score
of 59.80%, showing good economic and environmental dimensions, while the social dimension
rated moderately. Producers perceived climatic hazards as a major risk, with a mean score of 4.11,
followed by disease incidence, and managing them through crop diversification, seed saving, and
cooperative involvement. Barriers to entry in the lentil business include product unavailability
and capital shortage, while price fluctuation and lack of quality lentils are major marketing
constraints. Over 30 years, Nepal's lentil export growth has been poor (1.44), and imports have
grown significantly with high instability, indicating economic risks and a deficit situation. The
compound annual growth rate for area, production, and yield was 1.85%, 4.14%, and 2.25%,
respectively, with low instability. Trade performance results indicated higher competitiveness of
Nepal in the export of lentil, but highly concentrated and significantly affected by the exchange
rate, domestic production of Bangladesh, and international price. Nepalese lentil is found to be
competitive to other origin but its market share and availability in Bangladesh have significantly
decreased over the last five years. Strengthening actor relationships, increasing yields, enhancing
trader business skills, facilitating pricing and market functions, and providing subsidized credit
with technical support will boost Nepal's lentil value chain.

TATAHT THE 3T ATATH] TTH] TAMIA A T ICATEHAHT FAEREE I T6s, ¥ OIAT A1 T
U TS (Aiae TR T AT AACS RIEAT SETSS | AU, TTITHebaT I (e areil quardi
TATAHT FERT 8T FH IJoaadhdd, A gfaid, FHSR o Jgell, AaTd @red I dA9ara qqa=

FAF=TATE T B, T ATCHAHRAT T I TTTATHBATHT ST GRATSS, | TITAHT AT Hed S @l
TTefIAaT ¥ TR Y&, Fhb! ATRT T TETAT, SSTRHT &THAT T F&7aT, (At JfaeqdicqsdT, T 3wa"

FEATHT JUIEEH! favdTo T4 AP ATIR G FHAferd 7T, fard giqeqen ¥ w@vdig
JUTAETH] @ISl T AT AAAT birgd (94T | TAMHE Tk IqTeHh, ATIRI, T Feoebdl TResHl
FALAES, AT THe GARd, A& AR A=qardi, JI&T Aaared, ga ao¥ TeaTs [aiaeegRT
7 fgdira qeaTsese! WART T Aa9deE Wk JATH (AUl (937 | Adqee, 3T, af4ar T baATell [STecTeht
¥\93 HERT IATEH [FATAH! TR Ta-IRIET0 TRUHT ATHAT FvAaial Al T TR0 ATATHd
THAT YART T Jeqel A=qardiare gred TR ! a7 | 99 FqAT, Tl 43 TR HrgesAl S
ARl AT Tgedehal, Fraaehdl, 9 fashar T g1 fashar afeq U TR AT atas
JAAFEE ToAe A=qardl fafs AThd AR AafTd T Jeeaqu THATEE TART TR A TRTH
ferait | wrgeTe, TRefl T STCTSITERT Gl TSIRET g a9 G0 TRUHT (947 | T e BIRHD
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TANT TR oY AR TIATT Feslhdesd] THd qae9 TRUH far | g9 auHens T Jsiaes
faecruEEs qed sf@dr Hd, dEesaadl g favey, fqed @i, mfaa, 7 Feeee
qMiF qfg T, AT TAH3, TAACHE T, AT AqIT, ATH-ARTA A, Hbfed oI,
Flea wfordra fafges TaRT RS foaT | ICTeERR! AR, Hed JAR, T TARIE TAEE HI-STAH
T Wepieesd GreRT™ Wwirear, dfae e, e ®eer uAfatad, e s gemmias
HAISAEE THTH TR ¥ TEET JART MR faeeaor Tieusr 927 | stegadel H&R0 a1 G| 9ra: 9rer
[FATEH T TEH T@UH G, TqA ATH-ARTAH] ATATT 9,95 T FHA FARARAET AR ¥0%
T@IUHT G AAGTHE] B H ATTAT HIHT AR 99.3% el TSN, FTAA ORTAHT ATTAT HHR T
ANTRTHATS Sfhd e | & SCATETHT FUFesd A AR=ATaHT fAaeafaar w9 sfaua T sifuean
gfawd YT T SATATHT AN, 619, e dod, fawar SR ¥ fgurger @9 HE R9.8%, 50.5%,
33.9%, R9.8% I TSI AT HHAT g @, Tl (AT T U Uregebl Tarataears HAMT 30.9%
T RILY A HeSHAUA afEwg | faeduue Huh THATR 33.0% @ 5%.%% HEHH T HUSHT
AR TGS Araa Tifafess Tarar €9.4% ATH TN @, STHT Rien, a9 agedr, R e
AT, ASH TFR T RIHF! ATFR A ICAGAH ITATH AFRIHE I HEA@U (HARFES el
B | AITAH FITE &IHT IS AR HbeA o TATT HbeAThdl HIhd ¢ g1 HUH THbl
& FSATIRI0 ST T hAdbdi-Feaaedi-ared [ashal-ga1 fashar-gawchl aHlcTH! qrear
STEHT %A FRIATH G ¥¥ Us% Tedl faan semaar R =R i #ia $¥9 7990 a@ve
faeor T qrEET, S 9erH GfaeveT ¥ auR Aquardrs Ghd TEE | R Hed JFATE aHee
HeT Teahdiese Tordwal Jel AThT (3%.0%%) ¥ Ued ATTglg (38.4%%) Tl TIEaT | §ed T/ TR
¥R.93% (2999 &/fFaD), 10.50% IATEHETH AWRERT T .50 TR T&TdT TEehl a7, FThel AqTerdr
IR TR TEAT THTEFERI TeH SETSS | TR AT T [l T Abiay AT Aecaqul MaRe
TEHT FIT | THIHET, TATART AR T FATHT [GOTIAT TI0H HeAH TXHT TeAT STAAT draa (o
HATFT 2% T 9 @R 4%.50% [T | Fepromenes doel Y@ anfdes 3 ararerdiy Arames
ITHT T ATAINAE AT FeH TIAT @l AT | ICAGHeed AT IRAqAare grora savesers
AT ATATRN THE SRGHPT TTHT T@ICH B, TEHT A9 TR ¥.q9q fo, i e smhae
T FHETHT &l AT | 19 FUFeed dTell SCATEH FGH qeATI=eH fafa= Iuraee Hed TeT
TIH] ATATH! [afadTaRaT, d13 FRETW, T THE bRl eAINTAl &l FAEs AT T qr=al |
ATAREHHT AR HHZ TSTRAT TAUHT ATIFEEHT IcATadH AqTAIAT T Goilehl AW H&A @bl T
FARH B Hed IAR-=IGMd T AT AR AATT HIR TARIBIUHT THE THEITHT FTHT Igehl
AT | TA TSR TATHAD] ATTSAT STHT TSAHT TATeAl HIHT Heed T [e&dr 91 @ar q+1 diged !
qi FAETHT TP JTAAT ¥ TN (G Jeei@ITT ETHT TEb] TETTHT T | AT AR TP Fedl
HFAT A FAAT {a0T S, STl AMep ¥ AraraRelid 9ardT 9T Y= TRl § a¥ ATHIS S T&7HT
IR ATALAF Teh! 2@, T FATALN Hed g, =TITFTT ATH] (A0 TIFRATATGEH] THAT
TAT FATes, T SAMGH FALITITHR T FIREH T TFATEAT IS, | IAEGHhA dlg, AT TP
e, e MR ¥ R hTaAT FefoThe, mqrrens wifafus Tefesor T /o dqa e
fHAT [T ST FAA TIAH RN T HFATATs (601 qarsd Al |
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Biology and Management of Fall Armyworm, Spodoptera
Frugiperda (J. E. Smith) in Chitwan Nepal

Sheela Devi Sharma (ENT-02P-2019), PhD 2025
Department of Entomology
(Chairperson of the Advisory Committee: Prof. Resham Bahadur Thapa, PhD)

Fall armyworm, Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae), is a
worldwide destructive pest of maize with 353 host plants of 76 plant families. After its invasion
in Nepal in May 2019, several management strategies have been attempted to address the pest
problem. The study entitled “Biology and management of fall armyworm, Spodoptera frugiperda
(J.E. Smith) in Chitwan, Nepal” was carried out in Rampur, Chitwan, Nepal, from October 2020
to July 2022 to develop an integrated pest management strategy. In a life history study of Nepalese
S. frugiperda species, eggs were pale green to yellowish, contained six instars, and presented an
inverted ‘Y’ shape on the frons of the head and four black dots on the 8" abdominal segment of
the larva. Pre-oviposition, incubation, larva to pupa, and egg to adult duration were 3.75, 3.00,
17.00 & 16.31, and 29.00 days, respectively. Male and female longevity were 20.73 and 22.87
days, respectively. The number of eggs per egg mass was 71 to 273, with a fecundity of 713-1166.
Male to female ratio was 1:1.30 with pupation and adult emergence rates of 98.80 and 97.22
percent, respectively. S. frugiperda larval head capsule width increased slightly from first to third
instars, with a significant increase from fourth to sixth instars. The female was larger in size and
greater in weight than the male. A laboratory host preference study was conducted in a completely
randomized design (CRD) with seven treatments, i.e., rice (Oryza sativa cv. Sabitri), maize (Zea
mays cv. Rampur Composite), cowpea (Vigna unguiculata cv. Surya), buckwheat (Fagopyrum
esculentum cv. Mithe Phapar), soybean (Glycine max cv. Puja), Napier (Pennisetum purpureum
cv. Super Napier), and wheat (Triticum aestivum cv. Vijay). S. frugiperda preferred the Gramineae
crop family compared to other families, with higher female longevity and oviposition preference
in maize and wheat. Larva development period was the shortest on wheat (21.96 days) and maize
(22.40 days). A laboratory ‘leaf-dip’ bioassay was conducted using a Completely Randomized
Design (CRD) with three replications to evaluate the efficacy of six synthetic insecticides, i.e.,
azadirachtin 1500 ppm, emamectin benzoate 5% SG, spinosad 45% SC, imidacloprid 17.8% SL,
spinetoram 11.7% SC, and chlorantraniliprole 18.5% SC against the S. frugiperda larval mortality.
Results indicate that the spinetoram and spinosad had 50.00 percent mortality after twelve
hours of bioassay but only 9.00 and 17.71 percent mortality in imidacloprid and azadirachtin
respectively In an evaluation of thirty maize cultivars (6 hybrids and 24 open-pollinated) in three
replicated randomized complete block design (RCBD) against S. frugiperda, hybrids RH-12,
RH-14, and RH-16, respectively, had the lowest damage score and infestation whereas open-
pollinated varieties (OPVs) such as Rampur S13F26 (55.65 percent), SO15LYQ (61.14 percent),
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and TLBRO7F16 (63.94 percent) had lower infestation than any of the hybrids at the knee height
stage and other OPVs. The yield of RH-12 was 12.68 mt/ha, and Rampur S13F26 was 8.58 mt/
ha. Early plant stages of maize varieties were more prone to S. frugiperda than the mature stages.
Intercrops such as cowpea (V. unguiculata), buckwheat (F. esculentum), wheat (T aestivum),
kidney bean (Phaseolus vulgaris), desmodium (Desmodium spp), and soybean (G. max) were used
in the maize crop in a RCBD design. The desmodium intercropped maize field had 41.80 percent
infestation, followed by buckwheat (44.35 percent). The infestation in cowpea (49.03 percent),
soybean (48.41 percent), wheat (48.18 percent), and kidney bean (51.41 percent) intercropped
with maize was significantly different from the control plot (72.51 percent). The yield was highest
in the desmodium intercropped field (7.22 mt/ha) followed by buckwheat intercropping (7.06 mt/
ha), with the lowest yield in the control (5.25 mt/ha). A field experiment against S. frugiperda
was conducted using azadirachtin 1500 ppm, emamectin benzoate 5% SG, spinosad 45% SC,
imidacloprid 17.8% SL, spinetoram 11.7% SC, chlorantraniliprole 18.5% SC, and control in a
RCBD design. Spinosad and spinetoram were highly effective with a minimum infestation
(27.07% and 26.04%) and the highest maize yield (9.77 mt/ha and 9.65 mt/ha), respectively. The
benefit-cost ratios for the varietal screening, intercropping, and pesticidal management trial were
1.061, 1.073, and 1.45, respectively. In conclusion, an integrated pest management approach is
suggested to reduce the S. frugiperda infestation and increase maize yield. First, understand the
biology, ecology, and pest nature to develop a pest-focused management strategy, and second,
utilizing agroecological practices such as the right selection of maize cultivars, such as RH-12,
and Rampur S13F26, and adopting the best intercrops like desmodium and buckwheat, can reduce
the pest pressure. At last, the selection of appropriate and effective pesticides, such as spinosad
45% SC and spinetoram 11.7% SC reduces the pest infestation. All these practices are useful in
integrated pest management and need to be integrated in a compatible manner to reduce the pest
population to a maximum level that can save farmers as well as the ecosystem.

FARET BIOTHRT (T RiAUR, ThareldT o faaTerder FRT €71 a1 FRIT % T dH
IEART A T O aAEIde s T &l e, | T9THT afedl 9ad 91 092 H § AfeArd T v Rl
T STEUHT T | AE BRI Tlthehd STERATIAFT ARM A 00 FHTEX 3@ T 033 S8
Higwraw “Fordas, TATEHT BISERTRT SanT ¥ SHaear =’ a8 AqgeaT TChT oy | Srera
TEPT AHET RISTHRIDT ATH(T, SATaerh ¥ Hiided ATARIT FAAT T, AULT BRAT 3G Teedl gv, B
AT ATATRT ATEIT, ETSBIBT HIT oAl BIAT Feal “Y” HATHR, T Yahl ATSN GULHT aThR HATHHT
=RAQT FTAl AT g 9T8T TISAl | TATeadr 3,94 fa, Auer ar a#g o fad, @l qo fad, g
FaAT 9%.3q fa7, AvST 3@ TP ARl SaA=® % faF qEuH T | A 3T A qaeiel
FHI 093 T 3.5 fa7 4T | SUSTeT HuSHT & 3@ 393 FaT TFA AUST G TSR [T | ATl
T U AT 9:9.3, A AAET A AT 25.50% ¥ AATE T GIANT Q8.IR% UTSTHT {IAT |
RISFRTP] &€ FATHART SIS, AT TGN T@s TTHT AT | G FT&F ATl w37 AT ¥ Tl
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qETHT P | FARTSATAT TRURT Gy =7 o qui Afvaferd g=mar ek |fed a1 aar aee
feruz wfewept faam | 4y amEaies o (@I, Wb AR FFIa), a7 (), FTR (48 ®waR),
qeAE (79, AR (@R AfrER) T W (fasm) fau ) it arieEr afvarer aaetaes oy
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i T @IUHTHT Tl | AT faebrd THT TEAT (9.%% ) &9 W=7 9% T @1 9fg 7EH (R.%0
fae) foril | RISiebRTerT WogeR &9ehT @Ml JEmemardr quf sfataa greman, de=ng, fafa= & aer
foTETehT JANT T 9T QAT+ T3l Sifdeh eI FaATdd MUl [T | SHTHdET Imiige 4% TH i,
e YUy T AT, SRS 99.5% U9 Ud, TWEARRA 49.9% UF A T Feaaanitayre
95.4% T AT, faurdes e fMrere ¥ SEAEHd 4R UM 7 L 0% WeaT &¥ ATAehl He qUh
forait | SfueEERITe T uaifeRiiaeae AT TEAT % T 99.%9% H TRICH BT | A aar Heberr
TSI (% BTefag T ¥ el faferd) # et Hie qul safqafad e gf=mar wisierT fawger
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T AFTT ATAR TTEHATATE (9.08%) T TATEATERH (I%.0¥%) FART TUH! HEAT HH &l T a0
JAATET I 2,99 TA/FFT T &8 TA/ZHR AUH AT | FARACATAIAIA T SHHGA TwaAiTa
THNT AUHT HBHT FeqTe HH .93 /8982 T 5.%% T/ FdeT AUH! [T | SIdrd qoieqor, sreqarelr
HEATT T TATAHI [AOTETRT TLTETOTHT FATRT AT ATAT 4,089, 9.093 ¥ . %Y ITEUHT oy | qwasr
AP BIGIHRT AT T IATGH Figeh! AR Tfehehd SARATIT JUTEH FIRT 5 ITH &7 |
TIAT HRIFT AT, SHANT T AAFTER A2 el ATET FIETIA VAT TS oIS, | AHb]
AT BTSN HT TATERU AATAEE A Tebebl TRl TEl Pl (AR TH-9R T TR TH-93 Th
%), AARATATRT TATT (STHNSTH ¥ HIUR) T&AT AwaRarell AT T TehaATATAT BIoiTebRIehT ThT
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A qG AAHES ThIhd FRT AFLATITH HeEeaqU TUHTS (THEeedTs Uehlebel TIHT FAATIR FIRT T

AT TP ST BISATHRIPT FCT T TE (FATEs T TG THAHR! &M T T 3, |
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Incentivizing Communities for Ecosystem Services in Nepal

Laxmi Dutt Bhatta (FOS-01P-2016), PhD 2025
Faculty of Forestry
(Chairperson of the Advisory Committee: Prof. Balram Bhatta, PhD)

Incentive for ecosystem services is widely accepted as a conservation tool seeking to better align
economic incentives with conservation through connecting producers and consumers of ecosystem
services. There is a strong role of municipal governments as subsidiary organizations to facilitate
such schemes through policy and institutional arrangements. Examining acceptable institutional
arrangements and possible modes of payment is crucial to ensure the successful implementation
of incentives for ecosystem schemes. This research explored the household-level willingness to
pay for ecosystem services with preferred mode of payment, possibility of acceptable institutional
mechanisms, and integration of incentive schemes at the municipal level through an investigation
in the Dhankuta municipality of Koshi province and the Dasarath Chand municipality of Sudur
Paschim province in Nepal. Both quantitative and qualitative data were gathered from a review
of relevant literature, a semi-structured questionnaire survey with 203 households, 12 focus
group discussions, and 24 key informant interviews. A multilinear regression was performed
to understand households’ willingness to pay for ecosystem services and their correlation with
various household-level socioeconomic variables. The research findings demonstrate that 99.51%
households are willing to participate in the incentive-based mechanism with an average annual
willingness to pay of Nepali rupees 473.55, generating 7.12 million annually in both municipalities.
This research confirms that respondents prefer a project-based incentive mechanism to that of cash
payment. This research also provides evidence that Nepal’s existing legal instruments, such as
the Local Government Operation Act 2017, positively contribute towards the implementation of
the incentive mechanism. However, there is a need of an umbrella policy instrument with a clear
institutional mechanism with benefit sharing mechanism. There is a need for such an institutional
mechanism to be established within the existing municipal structure. Overall, the research findings
support similar earlier research that an institutional arrangement with benefit sharing is crucial for
the successful implementation of an incentive mechanism at the municipality level in Nepal.

F q9T a7 fqeatqarerd dwaa faarantiy IAaer AN TRUH T AT TATAR] AT AT
Fichel FEATAATATS (AT T B | T AT HITHAT AFTT FTATae ST 6 TqTAH! TaTSr
ST Fafead g5 del TRUNASMHT [a&dd SATAvaTT Thl G | Tal TaTel [STelehl grehal ARaTadh
TAT X IIYAH TETST TAST TTecATehl TR Fvg FARITCART AT &7 fequz TRUPT AT ATEeITTer
TATIRAT AT AR TR FAE0 (R03), THET FARA (1), THE FoATE T AARarc il
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(R¥) HIETHATE YT I[UITcHP AT AIATCHS Th [FTATT TR ATTERONT Fal ATl = S0
T A FETEATaTs fAfed FOET FAMCET G | A TAT T EAAT ATATEROE FAT AR G
YT BT TRTHT FAHAEEATE YT [qebrs, TqTerep! fqamaaq O qor Aifqgearg fageryor
TET ARTIeTehT TAXHT ATATARIOT AT qRTAT G FATeAT T Al JATT ATIRES IRgva | oy
T TFR FaTdT TF R00% T a9 UF 008 of TRUMAHATE A& FEHH T T FIAM
P fauerr sfavg | T TRER FETAT TS TRATASTATS T TRAT UF a7 & H
o T g AT QU 3@ | AEeTT 91 U qedte [A9eur MaT {%.UR% it
FATET ITATF JAT STARRT AT FAHT AHA g =AMehl shawg T el ITHRIES 9 a9
TATEAT AT Y93 YUY ITATTHATS TR (&7 TEAT IAGwa | SIS TAMHT T H qiq aF 890,000
AT ATFI TR ATATAR FETHT AT T Al 3faveg | R, ArcraReii e SR G
B U 9 WAl 99 AERATATESA o0<h e dAfgel & FRANAHT AT AaiTd T THEHRT
g ¥ AN @ qHd FH g qAAS TG A=A U RN B, | AT, HGTAT AT BT ST
FISTATHT AT TR G TG THTAFRNT 5 THH ARG & ARATEAT 91 FH g qeaers aqd
T A qieE Tl 3 |
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Effect of Planting Dates and Orchard Management Practices on Harvest Duration,
Yield and Fruit Quality of Cavendish Banana (Musa acuminata, AAA Group)

Basant Chalise (HRT-01P-2017), PhD 2025
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arjun Kumar Shrestha, PhD)

Banana is one of the most important fruits in the Terai region of Nepal. However, due to the
unavailability of adequate orchard management technologies, production and productivity remain
suboptimal in farmers’ fields. To increase the income of banana growers through productivity
enhancement, a study entitled “Effect of planting dates and orchard management practices on
harvest duration, yield, and fruit quality of Cavendish banana (Musa acuminata, AAA Group)” was
conducted at DoAR, Khajura, Banke, from 2020 to 2023. The study consisted of four experiments.
In the first experiment, the effect of planting dates on vegetative growth, yield, fruit quality, and
harvest duration was observed in three cultivars of banana. The experiment was laid out in split
plot design consisting of three varieties as the main plot factor and six planting dates as the sub-
plot factor, where planting was done at 1.8 m % 1.8 m spacing having three replications. In the
second experiment, the effect of the number of suckers per clump on vegetative growth, yield,
and fruit quality of banana cv. ‘Grand Naine’ was observed. The experiment was laid out in RCBD,
having five treatments replicated four times, with a spacing of 3 m X 3 m. In the third experiment,
considering the low availability of micronutrients under higher soil pH (>7.0), the effect of plant
nutrients on vegetative growth, yield, and fruit quality of banana cv. ‘Grand Naine’ was studied in
RCBD, where there were seven treatments replicated three times and planted at 2 m x 2 m spacing.
Similarly, in the fourth experiment, the effect of different kinds of mulches on vegetative growth,
yield, and fruit quality of banana cv. ‘Grand Naine’ was observed in RCBD, consisting of seven
treatments, where planting was done at 2 m x 2 m spacing. Dose of manure and chemical fertilizers
used was @ 20 kg FYM and 250:250: 350 g N, P,O,, and K,O clump™ cropping cycle™ in all
experiments except experiment number three. Results of the first experiment revealed that ‘Grand
Naine’ produced the highest bunch weight and yield (16.68 kg and 51.49 t ha'), followed by
‘Williams’ (15.66 kg and 48.33 t ha'!). Regarding the date of planting, banana planted on 15" July
produced the highest bunch weight and yield (20.85 kg and 64.37 t ha'). Among combinations,
‘Williams’ banana planted on 15" July produced the highest bunch weight and yield (22.87 kg and
70.59 t ha!), followed by ‘Grand Naine’ on 15" July (21.78 kg and 67.23 t ha!), and ‘Indonesian’
banana on 15" July (17.91 kg and 55.28 t ha!). However, due to excessive heat and dry weather
during flowering, the quality of the fruits in early planting was not satisfactory. According to
the results of the second experiment, banana production can be done by managing one to three
suckers per clump. It is better to keep only one or two suckers per clump for better profit as a
higher number of suckers per clump results in the smaller sized fingers, making lower income.
The pooled result of the two seasons’ crop revealed that the highest marketable bunch yield was
obtained with three suckers per clump (46.83 t ha'), followed by four suckers (45.15 t ha!), and
the lowest with one sucker (28.85 t ha!). The gross income from the different treatments showed
that the highest income was obtained from two suckers per clump (NPR 1,030,660 ha'), followed
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by one sucker (NPR 1,009,876 ha'), and the lowest with five suckers (NPR 432,292 ha'). The
results of the third experiment revealed that under high soil pH condition (>7), the foliar spray of
micronutrients, ZnSO, (0.50%), FeSO, (0.20%), CuSO, (0.20%), and Borax (0.1%), at the 3%, 5%,
and 7™ month after planting, produced the highest bunch weight and yield (25.74 kg and 64.35
t ha') and better-quality fruit. According to the result of the fourth experiment, mulched plots,
regardless of mulching materials, produced better yield, higher quality fruit, greater retention of
soil moisture, better weed control, and improved soil properties. Among the mulching materials,
mulching with banana leaves resulted in the highest bunch weight and yield (24.30 kg and 60.76 t
ha''), followed by black plastic (24.23 kg and 60.57 t ha''), grass straw (23.97 kg and 59.93 t ha'!),
and rice husk (22.26 kg and 55.66 t ha'), all of which were statistically at par. Therefore, from this
study, it was revealed that the best time to transplant tissue-cultured banana plants in the Western
Terai region of Nepal is the 15" July; the optimum number of sucker per clump is two; application
of Zn, Fe, Cu, and B at 3, 5", and 7™ month after planting, along with FYM and N, P O, and
KO @ 20 kg and 250:250:350 g clump™' crop cycle”, and mulching with banana leaves, black
plastic, grass straw, or rice husk proved to be the most effective practice for enhancing yield and
improving fruit quality in banana cultivation.

TATABT TRTGAT Gl A FATeee Al 320 Ueh Hecaqul arell af | aif=] qa&Tael I9deh gratd
"IEZGlW\:’;(‘WQ"I TIT FATCebcd SqTa g Techl YT | bIhl IcATah GJ(BlS: kb bl W—W
FEART q=TgH AfauTe afeh foeemar safeqd & a@wa fdemeT, @erEr 8. 030 g
033 A T A= AT GRI=AT AREAT AATAEE MRTHT (97 | Gfgel ALTATHT B A FHY
T A FRT FCATEAR AT, TERT IATEA AT FeAehl U G¥ewdl G THTASR FATT TR
ferar | ST STATAT FRTH] TSTAT Bl TaTEF A8 QT STl [Aa] Heehl JATEA 4T TUEATHT
FEAT AT qTeg, TIT ATF FTAT G FIEaToTE g1 Ga8a, AT (947 | J9T T ITH qEreh o=
A O 9T d¢1 HUH AALATHT GeH @adcdesdl q9d g7 dXals AT @ It dcaesdls
qTTAT T TPl JATET AT HeAshl TURAHT BT 8T gvg, A= (92T | TIFRN =T SAATTAT BT
gt T fafT= gehReRT BIUT FANT TRAT SHRUTT SAFRITIH, AT (T sAa=ard, q9r "Iare!
TUEARHT § R ¥ HAaed IEH 9T FAd! [URAHAT 917 JHTd aedT foar | qfeadr sreaaeen
st sraw fafae Straer #wrars 99§ 3 U AR AR U0 AT AT FATRET qET qreAeh
TR ¥ IAAEHA (1555 [l T 49, ¥R aF Uiqedex) qTeUHl (42T | @=Tel foar Aoy Afqert qermm et
QY TATSHT AT HITHT TR AT AT JeATGhcd Fa9waT Tel (0.4 fhell T £¥.39 T qiqedes)
qTEAT | TR faear Aoy fafq @ Sraer daree g1t 9w fafee @ qu S[EreAT AR e Jrd
T JATEHA T q@l (.59 fhedl T 90 ¥Q T Yfdedar) gl A wefepl TUEaR afq T
AUHT TTSAT | AT STAHT FREE T Y, STATSHT IGT AT ITHT ATSAT | IM&T HFITRT AT ATAR
FATS G T ATaai@ I A+ QAT Al IeaTed faq dfep If@y af Ui & qar
ITHT HATHIH! AR TF a1 g5 SSATT AT ITHT g T84T | TF A=A Fiqurist i are Team
JATEhed Tl el (¥%.53 & Iidede?) USal, cOauls =R dieed dal Ioqre (¥Y4.9Y4 a7 gfqeaey)
fauer argar w9 U dled gANwET 9% I (k5,54 aF Jiaeder) fquepr argdr | B T gl
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TSt gETeT ATdes AT T@Y FCATET (oaT TaHwaT J1 AT (3. 40,30,580 Yiqedax) HUHT gl
T TGl Tl ATRMI (F. 90,08 59% Yfdeder) UIr dAld AT argdr | gfaaist qi=reiier aidee
TEET I AT FITwaT T (3. ¥ 3,383 TAedeR) Il | T JGT AHTTHT ATATHT BTeTS
TISHA AT TATATTE FeAT ATAT FHATIR e A1 ATTehT fw=r © a1 &7 9waT odl Ul TS qen
Gl A9 Iid TH] AT IAHT 3, ¥, T © Afearar & Fohe (0.40%), FR T&he (0.30%),
YT FAhe (0.30%), TAT ST (0.90%) BT $hId IS UTAHT ST (GUAT Yiqere ol drer aer
JaATedc AfgF (Y. 9% fohedl T §¥ .30 a7 Yideda?) @bl TIT HeAhl TR qfd I=e WUHl qredl |
AT ALTTTRT ATTATHT BT FATET & DTAT (GTAT (GATSRT ATAIHRAT FH T, FIRATA] LTI
T AT &, TAT AR [UEAHT IR 5 IATE 9T FeAhl [T I F@T9 Al ar@uep
T | TG YAETITAT HTHT IS TR JATET qIT JcAGhed GIHwaT Tl (¥.30 fehal T §0.9% 2
gfdaaz) ATTRT qreAT A AFATG Flal witeed (.33 fohel T 0,40 a9 gideda), bkl T1d (3.29
fohell T 42,23 9 Yideaay), 9T Tl qH (IR, [hal T LY &% a7 gfdeer) THl 9redl, Fafy qears
STTEAHT TPV =X JHREFT FUEE I&T AGUHT T | 9 T AATTATE BT T ITIH THT 94
AT R0 [hell, ATLHGT. W O:RU 03U 0 ITH Jidale, TN AR ThRHT q&H Graaces (Hd, e,
FIR, T ARM) ATS THAET G aqrg [aear AqH 3, ¥, T 9 AigdATd qTaH G2 [QUAT a@l U
HART JCATGA [T Flehe, TAT FRTHT T, HTeAT AT, Febebl T, AT UTHHT TAHAET el Tehehl BTAT
faUR @ AT IR TAT FeAsh! AR I T ITSTHT F&T BT @Al T BUFeedls Alel ATar
AT FALATIA THBT AR Foell8 [G3TH G |
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Effect of in Ovo and Post Hatch Feeding of Synbiotics on Intestinal
Morphology and Growth Performance Parameters of Broilers

Arjun Acharya (ANU-01P-2018), PhD 2025
Department of Animal Nutrition and Fodder Production
(Chairperson of the Advisory Committee: Shanker Raj Barsila, PhD)

The increasing incidence of antibiotic resistance, followed by a ban on antibiotics as feed additives
have posed major challenges to the poultry industry, highlighting the need for effective alternatives.
Probiotics, prebiotics, and synbiotics have emerged as viable substitutes. A study was designed
to evaluate the effects of various synbiotic administration methods (Experiment 1), dosages
(Experiment 2), and durations (Experiment 3) on broiler performance and their protective effects
against necrotic enteritis (NE). Experiments were conducted at Fewa Group of Poultry Industries
Pvt. Ltd., Pokhara, Nepal, from August 2022 to April 2023, in a completely randomized design
(CRD). Cobb-500 broiler chicks were raised under standard managemental conditions in an open
house system. Synbiotics (PoultryStar®sol and PoultryStar®me manufactured by Biomin®) were
administered through in ovo, water, and feed. The mash feed was prepared for starter, grower, and
finisher phases at the experimental site. In 1st experiment, 180 embryonated eggs were selected
for in ovo, divided into three treatment groups, and injected (0.5 ml of symbiotic preparation)
at 420 hours of incubation. Hatchability was not affected by the in ovo supplementation of
synbiotics, but the intestinal histomorphology and chick’s weight were significantly improved
(p<0.05). On subsequent trials with 300 chicks with different administration methods: in ovo,
feed, water, and a combination of feed and in ovo, in six weeks, broilers receiving synbiotics
with different methods showed improved growth, feed efficiency, reduced blood cholesterol, and
improved intestinal histomorphology with increased ileum villi length (p<0.05). Higher dressing
percentage, decreased liver and intestine weight were recorded in synbiotic treated groups. In
the second experiment with 240-day-old chicks, the increased level of synbiotics showed the
beneficial effects on growth performance. Further, 360 broiler chicks were used to study the
effect of supplementation of synbiotics at various levels and through different methods against
necrotic lesions. A higher dose (10 times the normal) of coccidiosis vaccine (Coccivac D2) was
sprayed in warm and moist litter to induce the experimental NE condition. The results showed
that the synbiotic significantly (p<0.001) reduced NE lesion scores. In 3rd experiment, the effects
of synbiotic supplementation for different durations were evaluated in 420 broiler chicks. The
findings showed significant improvements in weight gain, feed consumption, and feed conversion
ratio (FCR) with extended use of synbiotics (p<<0.001). Thus, the research shows that synbiotics
serve as an effective alternative to antibiotics, enhancing gut health and growth in broilers while
minimising NE lesions and improving overall growth parameters. Therefore, the use of synbiotics
through various methods, at different levels, with different durations positively affected growth
performance, gut health, and dressing percentage in Cobb-500 broilers. This study showed that
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the synbiotics could be used as an effective alternative in the poultry industry, in addressing the
issue of antibiotic resistance, and for improving broilers’ health and productivity. Further studies
are recommended to explore the sustainable application of synbiotics, their cost-effectiveness, and
their influence on nutrient digestibility.

ufreaTariad IaRiaeH a@al THET T AGAT ATTCH Fqawae FERT AT SANTHT Seil AT TIH]
T, STHHE FRI FAT [qFede® @loddd ATaeTHdT d¢hl G | Yardiiaad, amried, ¥ amamaiiaae
Ufraamdifasherl FITEATITHT FFEATAAT SETUHT B | T TATTHT FHa-4,00 FIea?Hl [geardiiaad garg
qIeHT, AAT T GATSH AAdd el FGIAR (g T ATGIH WTEIHT T FAEH] AT TTH
T | ATEAT G@TH HaT Y9 AF Uledl sreedio Ufd AN, e Q0% 3@ afyer 033 &
Completely Randomized Design 9Ta= ¢ I¥I= XTI 97 | AHT Biomin® FFIHETE
Iamfad PoultryStar®sol ¥ PoultryStar®me ATHE! [Feamalfcadd YART TRUHI 0T | FH@RTH
AT FTAT AT IAT BIHAT F STATSUST (2T | Tieedl ATARTTHT 450 Tl ARl HISTEEATS
3 Far qUAT a9 AT ¥ w0 HUEHT M @I UNR {0 qA ARSTATE o TNl fgeardtiaad
(PoultryStar®sol) GATEAT, el SO AT G TTHT GATLAT ¥ ATl SO TS el GATSUA | FecAT JATEH
Tqd g, famafeaasr oay er=antatad], Teiiel i qoT ATHT ATGThT (qehTdep! aeAT Hea
TRAT | 7 AT faeemdifeae eamaiataddT @ qUE a¥ AR @A T el qradl R
T@ITH! T | AT 300 FeATdATs L qST TETI FHEHT (37 ATHI, IAT AR, I AR, T
T S STTRT FATSI ¥ Fealet) faareid T8 & Taeh RISl | B gTehl TEUET, F 9i ATeHare
femamatfedd A TRUH dsaResa MM dlg, AER AR AT, ITh Fle&ard ATAHT FH T
Sferaraar frarger deargar afg 2fadr | AF et T AT AR g9 7 gfag gfderaar frerar
AT | T ATIATTHT J¥0 Tl FAeATdls =R THEHT (9N TRAT STH AR FGAATS Fale,
ferTieer TRUT AT, 4% FET, 4O% FET AIATHT (Faralica Garsal Sl a1 FERTH TG [aehTaH
IET AfqSTT REdl | I (A H EATCHE ST b T 3= aTAT  (FH Teal
90 UM =GN PIAGIHISATEE AT (Coccivac D2) HIRAT TANT TR JANMCHE &AHT Tohlidh
TaRTe[ecq g Fa ATaraRy aArsdl gl d0il 380 FIgey HAedATdls Hidh HIATHT T H¥eh q(eehre
faemaifeaa garedr | a=mifad TaRT TRUHT FGIHT THICFH TS aTH AI3e® Uarsd ATAEIIH
gqTE SREdr | AfqSIeRT ATaRET 287 famaraifaae SR 9188 &4 [§UA 9T Frald THEd! qeAdTH
HTGTH] BT ThRE® HSA | T ATIATTHT ¥R0 FIea? AeAlgedls 9 aa] GHEAT [qHTsT TR
¥k AATTTHH (Fear, © fad, Q¥ fad, 39 faq, =c faq, 3¢ a7 T ¥R foo) < 9o R fa=mife™
TETETE GATEAT | faeamifaaerT TR Jafd Jerssl areaved did digH Hecaqu qam, = @9d, ¥
FE[A AHEH! TAATHT IAT BT ATITTHT FAR AUHT qT2AT | THIHT, HZITA HETH ICATETHT
IR TfraaTariaheeed! MERar FH Td, ATGTH W@ T FfgHT TR T TATAFRT [qehederl &THT
faemifcaaars afte Tag, ST ATRTH IREEH AALIMAT ¥ IAET a9 IR 163 |
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Growth, Reproductive Performance and Carcass Traits of
Crossbred Boer and Khari Goats in the Mid Hills of Nepal

Raju Kadel (LPM-01P-2017), PhD 2025
Department of Livestock Production and Management
(Chairperson of the Advisory Committee: Prof. Mohan Prasad Sharma, PhD)

Despite the contributing role of goats in Nepalese agricultural livelihood, they are considered slow
growers. Farmers are inclined to rear high growth performing crossbred, such as Boer. However,
research on an appropriate nutritional plan and associated carcass qualities along with their growth
performance, is lacking. Under this context, a series of trials were done at the National Goat
Research Program (NGRP), Bandipur, Tanahu, Nepal. The first experiment was done with the
main objective to analyze the effect of a varied level of crude protein (CP) based nutritional plan
of diet, along with feeding seasonally available fodder trees, on the growth performance of the
crossbred Boer 50% and pure Khari goats for 120 days starting at 6 months of age. Randomized
Complete Block Design was used; each treatment was replicated three times. The second research
analyzed the growth, reproduction, and litter traits of goat kids and does covering different non-
genetic factors during 2017 to 2021, recorded at NGRP. The third experiment evaluated the carcass
traits and sensory characteristics of two genetic groups, pure Khari and Khari x Boer crossbred
(50%) goats, reared at the NGRP at the finishing age of 15 months. The results revealed that
growth performance was statistically similar (p>0.05) at finishing age with respect to varied levels
of protein in the diet, whereas relatively better growth performance was achieved with 18% CP
containing diet. On the other hand, genetic factor, parity, type of birth, and sex had a significant
effect (p<0.05) on growth performance at different stages. Regarding carcass traits and sensory
characteristics, there were no significant differences in the meat color between goats of the two
genetic groups, whereas the meat of the pure Khari goat was relatively superior in flavor. On the
other hand, the meat of Khari X Boer crossbred was more preferred in terms of tenderness and
juiciness. In conclusion, findings of these experiments thus suggest that pure Khari goat has high
potential in terms of reproductive characteristics and litter traits, indicating the scope of bringing
significant improvement through selective breeding within the population, whereas the growth
of inferior Khari goats can be upgraded to maintain up to a Boer 50% blood level, by using
appropriate crossbreeding strategies.

T TATAYHT BIHT (575 | I [FAe® 9o dig S0l TUH da% STl FAge ar@l qadh
AR TEedl B | A, &1 ATETH JGET Frieagd ITgh q00 SFedTdd 91 AT ()
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TR GFEIRAT AT=ATAR] AT TEhl § | T8 T, AMTT G AT FIHHE, TR, T8,
TAAHT AT Aede® Foarad TRUH (90 | 9fedl TARTH HeT I¢9d & Hieardl IHIEE R0
feeren fafgeT Tqwept ®=am Wifed qoTIeT MRTHT AER qAT HGH STHAT IUAS STAUE GATSal
Yo% AUR FAGS T UG @I AGIHl JGHT T FAEH HeATsd T (937 | TF AAITH qUre:
ATgTogieRd sk feoTTgd FANT TRUHT 2T ¥ I II=R A9 T2 IR@TeuH! {2 | ST sreraaar
T 209 3@ 039 TEIAT Afierg TRUHT Jearger AT fafaw fR-EfiTe FREeE et
TAT A3 AGIH dlg, TS qdT Foa e el [aeudesH 9 THTEH! (9o TRTEHT
FerIT | T9IT TANTAT Q4 ATEATRT SHEFH qAUHT g @ T97 @I X AR (L0%) FA(ae ATGTHT FIhE
[T9Tar qAT AIHH! UEwd] HATFT TUH 9T | qemaTea Alqeiesd s@uaAdar, qia= e
Jifeaeh AeR YAN &l JigAT ATdFE ®IHT Je@dd fF~ar sfaud | qai, 9% faf
AT TRUHT ITARHT TAATCHE ETHT 4T F1g FRAFFTEA YT AT | AT, ATTARTE THE, TS
F@T, ST IER 97 fagel afg FAaFETd Aia SROEEHT HEcddu 9T TR IREdT | FE
farsToaT qAT W UEER! TEIHT, T ATTANTF THEHT ATGIH! HIGH! TGHT Fead@ard e
GUA | TR, U @I ATGIH A @TEHT 3ael JAATCHS BIHT It AT | TR, @ X g
FAfeE ATGTH! A FHAAAT T ATATTTRT ATIRAT FEl FATZTHT AT | AT ATTAEwH] [Tehvesd
g @Y SAETH] A SHAT JIT g=a] JATeadral [q9udes 3=d Jehl s@Usl &, T9d a9
AT BATSTHF T ATHT Ied@H T TR T i TRITAAT Hebe T4, | AT, ITAH HAHSS
T ATATE AR THI LO% TFT HIAH TGN FHH dfg &THAT HUHT @3 ATETHl J1g HTATFAETHT
IR T Il @UH B |
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Evaluation of Early Cauliflower Varieties under Different Planting
Dates with Phosphorus and Boron in the Kathmandu Valley of Nepal

Navin Gopal Pradhan (HRT-03P-2017), PhD 2025
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arvind Srivastava, PhD)

Cauliflower is one of the most important commercial vegetable crops grown in Nepal. However,
there is limited availability of information on early caulifiower open-pollinated varieties in the
right season with desirable traits, especially under different doses of B and P. To address these
issues, a study entitled "Evaluation of early caulifiower varieties under different planting dates
with phosphorus and boron in the Kathmandu valley of Nepal" was conducted at the National
Horticulture Research Centre, Khumaltar, Lalitpur, Nepal, during 2019 and 2020. The experiment
was laid out in a randomized complete block design with 10 genotypes (Chinese, Sarlahi Deepali,
Pusa Katiki, Taichun, Pusa Sarad, Terai 1, Terai 2, Agheni, Cold Queen, and Khumal Jyapu)
planted on three distinct dates, i.e., 25" June, 15% July, and 5™ August, at a 20-day interval with
three replications. The findings indicated that planting dates had a significant effect on the growth
and yield of cauliflower genotypes. Planting Sarlahi Deepali on 25" June showed significantly
lower days to curd maturity (41 days after transplanting), but its yield was just 4.0 t ha!, which
was significantly lower than that of other genotypes. However, curd weight (438.6 g) and yield
(27.4 t ha') were reported as the maximum in the Chinese genotype, and it also had a shorter
curd maturity period (51 DAT). Chinese was therefore regarded as the best genotype for 25®
June planting regarding yield and maturity days. Similarly, on the 15" July planting, even though
the genotype Terai 2 had the shorter maturity days (44 DAT), its yield (14.6 t ha') was lower. In
contrast, Cold Queen had the highest curd weight (560.8 g) and yield (35.1 t ha!), but its maturity
day (94 DAT) was significantly longer than that of the other genotypes. The curd weight and yield
(546.7 g and 34.2 t ha') of the Chinese genotype were comparable to those of Cold Queen, and
it also had a shorter maturity period (49 DAT), which was followed by Terai 1, whose maturity
day was 48 DAT, a curd weight of 352.1 g, and a yield of 22.0 t ha''. Likewise, on the 5" August
planting, the genotype Terai 2 took the shortest period to mature (46 DAT), followed by Sarlahi
Deepali (57) and Pusa Katiki (57), but yields of these genotypes were 10.7 t ha'!, 5.1 t ha”!, and 5.9
t ha respectively, which were significantly lower among the tested genotypes. Though the highest
curd weight (842.1 g) and the maximum yield (52.6 t ha') were recorded with Cold Queen, it took
the longest days to maturity significantly. Taichun followed Cold Queen in terms of yield with 44.9
tha’!, and it also had a significantly shorter maturity period as compared to Cold Queen. Therefore,
Chinese, Terai 1, and Taichun can be recognized as early maturing genotypes having high production
potential for 25™ June, 15" July, and 5% August planting, respectively. Visual rating analysis of
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caulifiower genotypes showed significant differences regarding color, appearance, compactness,
and acceptability. On 25" June, significantly better color (8.7) and more attractive appearance (8)
were recorded with Terai 1, while compactness (8.5) with Terai 2, and acceptability (7.8) was
recorded with Chinese. Likewise, during 15" July planting, the highest color (9), compactness
(8.8), and high preference (8.5) were found in Chinese, whereas attractiveness (9) was recorded
as the maximum in Terai 2. Regarding the 5" August planting, Khumal Jyapu showed the best
color (8.5), Terai 1 showed the very compact (9), whereas Chinese showed significantly more
attractive (8.5), and highly preferred (8.7). Another experiment to understand the effect of different
doses of boron and phosphorus on two genotypes of caulifliower was conducted at the National
Horticulture Research Centre, Khumaltar, Lalitpur, Nepal, from June to December of 2019 and
2020. The experiment was laid out in a factorial randomized complete block design with sixteen
different doses of phosphorus and boron with two different genotypes of cauliflower (Chinese and
Sarlahi Deepali). The two-year pooled results showed that the genotypes had significant effects on
maturity days, area cover, plant height, leaf number, root weight, shoot weight, curd diameter, curd
height, curd weight, and yield. The different doses of phosphorus and boron had significant effects
on area cover, plant height, shoot weight, and curd weight, while having non-significant effect on
maturity days, number of leaves, root weight, curd diameter, curd height, and yield. Likewise, the
interaction effect between cauliflower genotypes and different levels of phosphorus and boron was
found non-significant on most of the characters studied.

TATETHT & SHANF aTel Hedl Tl Ueb Hecdqul Tl &1 | FIIelel Geoll red 9Id STAewa]
faepTar T TS THT T IATGHA TSTSHHN AN BIFRRE T ARAH T FATHFRI TTH FRI T
TG FIET TETETHT T | FISATHT WS AT Ifga T IJgAA MTT ST AT g,
GHACR, ATATIRAT FAR 0% Ifg qH 3099 TFH AR 35 a9 TSIl T Sa=dre TIeAT |
I ATITTHT FISATH 10 T2l [FAISUe® (TS, TAT HIqH!, TAE! 2T, =, T A5,
HEAT, AT, AMS-R, GHA AT T Fleg F3H) A5 (a9 F¥F THIAW (FFR 90, AIT q T 4TS
39) FMSIRT THTE TeAaTsH T U AATHT oeeh e (ARTATalE) TR fqear ameuas! e |
T FAATR] AT ATHR TS THAA FIIATb] q1g T ICATEAHT HPRTCHP FET Tebl Gl |
TR eATsd TRUH T e IJoqed 3 IEAan qrafeaq fafaey qermsesdr Iwrer 998
THT I ATETHT P71 AR Q0 T ANTLUHT GRIGHT AT SATER ATl fad safay g
FH (AT AR ¥y faq gftg) wuar qf a9 Icaeded g WeaT 9iY (¥ 29/8.) W qiedr av g
FHTAT TR FTSAST (STATSISTRT T AT Al (¥35.% UMW) T JATEehed R9.Y TH/8.) a7
ST qeaT 9 @A T aredt fee sty ot s et qerrar w9 afedr @ e w9 i) | a8
foTargy =mEfasre Seamed a@r ¥ arelr fad qWa get g WUHEe q¥R 90 WA AT T T AT
I REAT | AR 90 T TS TREHTE TS q T ATSET ARMS-R F1 ATl foe Ty Ferewat
FH (¥ fa) fguar af a9 Jead (¥ % IH/8) A7 AR AT (Hep A Gfadr | @
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TTET THTHT ATHT TATGTET Pl FHEAb! ARl J (L80.5 TTH) T ITAET 34.q IT/8. qa9w=aT
&1 sfguar uf a=er arelr fam awa e @ (@A At ¥ f§F) SURT gHIel AT SATAR SAH{eah
ST TS T aRIE-q TEHT g STahr ARl dier HAM L¥S. UTH T 349.3 UTH, IATEhc
FHI 3¥.R TA/E. T IR TA/E. T AT AT THA FAHC v faq ¥ wo fa7 @et fadr | 78 E q0 Far
fTarSTe®are s =q TTd eFSeT dre-) &l orell faq oty @esr=r &9 (¥% fo) 3fadr 7 a
TG FATET SATAT T G Frfeqebrept arerr ooy srafer v faq wear sfedt ax & 99 S scaesa
T AT TIAH el (b T FWA: 90,9 TT/E, L. TA/E T U] TA/E Afedr | gadt faesy
Fleg Fedpl AHH A (5¥q IH) T IJeAEA UR§ IA/E FANT &0 ar@uar afd agqepr arefr
fe awT 9% TEr AiedT | T WET GEAHT AR TGS STEeAR AR A T Fedrad
¥¥ R /T, AUH ATl AT ATqeATs ATSH 2 T AMSAH AN ITIH ar@dl | T TH TS
FEWR 90, ASF § T ASH ) T TS AETH AT FHI: AT, Ae- T 9T ITIH M@y T
A TqATE ATE STqb] FTAT FAwTieer 79 giee Ihgadr | ITdhT Therd qevre ari U hid
&I ETAT MRUHT {37, ITh TNAHT Q0 7T [AAIETeUe sl Hih-Hidh I<h IRIATHT 90 2T
fTATeTETe e FReh-Theeh ATSH FHIAT TSI T, @lEATIHT, &Y T Whradr HTaT TR (937 |
AR Q0 T TR FTIATR WHME GRALATATE AR [T (5.9 Tel) T @R (5 Wpel) AME-q AT
A 9 Gl T (5.4 Thet) dRIE-R AT @A | TEMTT JIR Q0 T AYRT BTIeAThl STd Fe
FATT A EHAAT (9.5 Thel) TAIETST =TSHTAT SGaT | A3 4 T AYHT GILUIETE TTT 2T
(], ), GEATHT (5.5 Thel) T SHEAT (5.% ) (AT arstaemr afadr a9 @ T (] @)
TRIS-] 7 FGAT | & IS 39 T AYRT BTl WIHT THEETE TIThT AT FA9TwaT 87 (5.4
Thel) GAA SATY ST SRgdt 9 @leAra T (| @) dRIE-q AT E=ET (5.4 W) T S (9.5
Thef) FeraT 9% TS =TSHSTAT 3fgaT | FTIEHT 5 ATqEe AGAS T ATl AITSET SR
IR IR [AFa=T ATATT ITATEA ¥ ICATEHCTHT T AR TATH 2+ 99 TIAT TLIETI R039%-3030
TR R 9 Foad TRURT (997 | I ATAaHH Fd (% T STAREs g5 FRF GO ATarad
= SATAT (ARfafate) de=arey Ul faar | g5 aURT SIS Ao AR geaal STcel
THE A9R ATl [ o, diehl harad, didel IaTs, Al TET, TN dId, SISl dqre, e
T, T =TS, TITAHT el T FeATEhea Wl GHRICAS @A X SR T BIEhRIEH! [qrq=T ATl
FTIATRT ATdehl heATad, STHl IS, SI&hT At T TTHTRT JAHT TebRIcHE AT ! SFGAT qT aTedl
o srafy, 9Tt g, ST dre, AT S, TR 98 T FATEhcaHl GhRIcHE AT T
RGUA | THME FTIAHRT STAHT SR T BIERRIFHR! (AT~ ATATRT AR ATl TEE0T TR Fe

THTHAT ThRIHP IIT T |
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Performance of Cauliflower (Brassica oleracea var. botrytis) under
Organic Nitrogen Management Practices at Dang, Nepal

Manoj Basnet (HRT-01P-2020), PhD 2025
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arvind Srivastava, PhD)

Caulifiower (Brassica oleracea var. botrytis L.) is an important vegetable crop in Nepal. Both
open-pollinated (OP) and hybrid caulifiower cultivars are commonly available in the market.
Hybrid cultivars are superior to OP in terms of yield, and OP is superior to hybrids in premium
market price. This has created a dilemma for the Nepalese farmers in selecting the location-specific
cultivar. Similarly, farmers are using chemicals haphazardly in the name of increased production,
which has exacerbated soil fertility. Thus, there is a need to improve the qualitative yield of
cauliflower through the selection of the best OP and hybrid cvs. along with appropriate nitrogen
sources for organic cauliflower production. Two separate field experiments for OP cultivars
(Terai-1, Kathmandu Local, Aghani, Khumal Jyapu, Terai-2, and Aghani) and hybrid cultivars
(Snow Crown, Super White Top, Snow Best, Rami, and Damy) were carried out in a Completely
Randomized Block Design (RCBD) during September to December in four replications. These
experiments were conducted in two consecutive years of 2021 and 2022 at Dang, Nepal. Cultivars’
performances were evaluated on vegetative growth, phenology, yield, and quality attributes. In OP
cultivars, significantly, the maximum biological yield (46.33 t/ha), economic yield (21.89 t/ha),
and harvest index (47.33) were recorded in cv. Khumal Jyapu followed by the Aghani cultivar. In
hybrid cultivars, significantly maximum biological yield (51.67 t/ha) and economic yield (27.41
t/ha) were recorded in cv. Super White Top, while the maximum harvest index (58.14%) was in cv.
Snow Crown. Based on the first two years of experimentation, the best performing OPs (Khumal
Jyapu and Aghani) and hybrid cultivars. (Super White Top and Snow Crown) were tested further
for their performance in different organic nitrogen sources. Selected cultivars were assigned as
sub-plot factor and sources of nitrogen (100% N from poultry manure, vermi-compost, farm yard
manure, and urea) as main plot factor in split plot design with four replications during September
to December of two consecutive years of 2023 and 2024 at Dang. The maximum biological
yield (48.22 t/ha), economic yield (26.28 t/ha), and harvest index (54.38%) were recorded in
100% nitrogen from poultry manure. Moreover, a hybrid. Super White Top showed significantly
maximum biological yield (54.74 t/ha) and economic yield (29.48 t/ha), whereas maximum harvest
index (57.24%) was recorded in cvs. Snow Crown respectively. Khumal Jyapu cultivar supplied
with 100% nitrogen from vermicompost showed the maximum residual soil nitrogen (0.2748%).
Therefore, from this study, it was found that Khumal Jyapu (OP) and Super White Top (hybrid)
cultivars supplied with 100% nitrogen from poultry manure performed best and is recommended
for organic cauliflower production.
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Evaluation of Tillage Methods, Crop Residue Management, Seed Rates, and Site-
Specific Nutrient Management on Growth and Yield of Wheat at Bhairahawa, Nepal

Mathura Yadav(AGR-02P-2017), PhD 2025
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Shrawan Kumar Sah, PhD)

Tillage, residue management, seed rate, and nutrient management affect crop growth, yield
attributes, yield, soil health, and economics of wheat. Optimization of these resources can enhance
yield, profitability and sustainability of wheat. Three field experiments were carried out separately
in the winter seasons of 2018/19 and 2019/20 at the National Wheat Research Program (NWRP),
Bhairahawa, Rupandehi, Nepal, to evaluate the effect of tillage methods, residue management,
seed rates, and site-specific nutrient management on the yield of wheat. The first experiment was
conducted in a strip-split plot design in which three tillage methods (conventional tillage, rotary
tillage, and zero tillage) were allotted in the vertical plots, two residue levels (residue removal
and residue retention of 30 cm) in the horizontal plots, and three seed rates (80, 120, and 160 kg
ha') in sub-plots with three replications. The second experiment was conducted in a randomized
complete block design (RCBD) with five replications to determine the indigenous nutrients
supplying capacity of the soil. The treatments were imposed by omission of nitrogen, phosphorus,
and potash from an adequate supply of all nutrients. Based on the indigenous nutrient supplying
capacity of soil, site specific dose of N, P,O,, and K O were calculated. The third experiment was
conducted to compare site-specific nutrient dose (N, P,O, and K,0) with farmers' dose, national
recommended dose, nutrient expert dose, research recommended dose, site-specific N, P,O,, K,O
with Zn and B on yield and yield attributes of wheat. The result of the first experiment revealed
that the grain yield of wheat was significantly higher in zero tillage (3870 and 3600 kg ha') as
compared with conventional tillage (3466 and 3248 kg ha') and rotary tillage (3186 and 3022 kg
ha') in 2018/19 and 2019/20, respectively. Higher seed rate of 160 kg ha! produced significantly
higher grain yield of wheat (3637 kg ha!) as compared with 80 (3367 kg ha') and 120 (3519 kg ha
1) kg seed rates ha! in 2018/19. It was also significantly higher grain yield in 160 kg ha™! seed rate
as compared with 80 kg ha’!, but at par with 120 kg ha'' seed rates in 2019/20. The gross income,
net income, and B:C ratio were higher in zero tillage than conventional tillage and rotary tillage,
whereas gross income and net income were statistically similar between 120 and 160 kg ha
seed rate but higher than 80 kg ha'. There were no significant differences in the B:C ratio among
the different seed rates used in the experiment. The result of the second experiment was used to
calculate the site-specific nutrient doses of N, P,O, and K,0O. The third experiment result revealed
that wheat yield was significantly higher with site-specific nutrient dose as compared with farmer's
dose, national recommended dose, and nutrient expert dose, but was statistically similar with
research recommended dose and site-specific nutrient dose with Zinc and Boron. The research
concludes that zero tillage, use of seed rates of 120 kg ha' and applying site-specific nutrient or
research-recommended nutrient dose can enhance wheat yield and profitability of wheat farming
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in the Terai region of Nepal. Further, residue retention, though not significant, showed increasing
soil organic carbon and reducing bulk density. It seems that residue retention would be beneficial
for soil health in the long run.
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Efficacy of Nanobubble Application to Improve
Aquaculture Practice in Nepal

Hare Ram Devkota (AQU-01P-2017), PhD 2025
Department of Aquaculture
(Chairperson of the Advisory Committee: Prof. Dilip Kumar Jha, PhD)

The increase in the consumer demand for live fish has exposed both technical and managerial
issues in traditional aquaculture systems and fish transport technologies. In general, insufficient
dissolved oxygen in water, levels of stress in fish, and high mortality rates indicate that existing
technologies must be improved. Taking into account all these challenges, this study has searched
for a promising multidimensional solution to improve oxygen management, fish productivity, and
quality. This study evaluated the solubility, stability, and practical applicability of nanobubbles
generated from oxygen, ozone, and air in water. The study compared conventional aeration
systems with an oxygen nanobubble system, which increased dissolved oxygen levels in water by
64-68%, and elevated oxygen levels were maintained for 24 hours. The study also found that the
average blood glucose level was 86.00+6.48 mg/dL, which indicated that a significant decrease
is beneficial for the physical condition of the fish. A 180-day trout culture experimental study
conducted at the Rainbow Trout Center in Dhunche, Rasuwa, showed that the use of nanobubbles
increased productivity by 38.7%, reaching 25.86+3.65 kg/m?, whereas productivity under the
normal water system was limited to 18.63+3.65 kg/m?. Economic analysis further revealed that
the benefit-to-cost ratio increased from 1.24 to 1.59, indicating that the technology is economically
beneficial. In addition, another transportation trial involving 3,000 trout fries, survival reached
93.3+0.01% with the application of oxygen nanobubbles, compared to only 90.3+1.0% under
conventional aeration systems. In another laboratory experiment, nanobubble application reduced
the amount of geosmin by 50%. These results indicate that nanobubble technology enables holistic
improvements in dissolved oxygen, fish productivity, stress reduction, and quality of table fish.
It represents a promising option for water-scarce regions, live fish supply chains, and sustainable

aquaculture development.
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Performance of Beetroot (Beta Vulgaris L.) Varieties Under
Different Management Practices in Sindhuli, Nepal

Madhav Dhital (HRT-05P-2017), PhD 2025
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Moha Dutta Sharma, PhD)

Beetroot is an important root vegetable crop in Nepal; however, its production and productivity
remain low due to the lack of suitable varieties and optimum sowing date, plant spacing, and
nitrogen fertilizer management. Therefore, a series of field experiments were conducted at
Kapilakot, Sindhuli, Nepal, from 2019/2020 to 2021/2022 to assess the performance of beetroot
varieties under different management practices for improving growth, yield, and quality. In the
first experiment, nine beetroot varieties-‘Detroit Dark Red’, ‘Jhelum’, ‘Action’, ‘Ruby Red’,
‘Ruby Queen’, ‘Maharaja’, ‘Madhur’, ‘Red Express-505°, and ‘Bikores’ were evaluated using a
randomized complete block design (RCBD) with four replications. The second experiment was
laid out in a two-factor RCBD with four replications to determine the effect of sowing dates
(October 15, November 1, and November 15) and varieties (‘Action’, ‘Madhur,” and ‘Ruby Red’).
The third experiment was carried out in a two factorial RCBD with three replications to determine
the effect of spacings i.e. 45 cm x 5 cm, 45 cm x 10 cm and 45 cm x 15 cm and levels of nitrogen
i.e. 80 kg N ha', 100 kg N ha'!, 120 kg N ha'', 140 kg N ha'and 160 kg N ha'in ‘Madhur’ variety.
Analysis of variance showed significant differences among the evaluated varieties for growth,
yield and quality. During harvest, significantly higher plant height (44.19 cm), number of leaves
per plant (14.86), and leaf width (12.53 cm) were observed in ‘Action’ which was statistically at
par with ‘Madhur’ and ‘Ruby Red’. Edible root length (10.42 cm) was found to be maximum in
‘Red Express-505’ and the highest root diameter (72. 49 mm) was found in ‘Action’ which was
statistically similar to ‘Madhur’, ‘Ruby Red’, ‘Ruby Queen’, and ‘Red Express-505°. Higher root
yield (38.51 t ha™!) and biological yield (59.17 t ha™') were also recorded in the Action’ which was
statistically at par with ‘Madhur’ and ‘Red Express-505°. The highest root dry matter (10.93%) and
shoot dry matter (9.52%) were found in ‘Red Express-505’. However, total soluble solids (TSS)
were found significantly higher (11.85 °Brix) in ‘Madhur’. The highest score of colour (7.27), taste
(7.52), and overall acceptability (7.21) and presence of inner white ring was found to be minimum
(1.34) in ‘Ruby Red’. Higher physiological loss in weight (PLW) (26.43%) was observed in
‘Maharaja’ and minimum PLW (19.87%) was observed in ‘Madhur’. B:C ratio was higher (5.52)
in ‘Madhur’ which was followed by ‘Ruby Red’, and ‘Action’. The results of experiment number
two revealed that among the sowing dates, plant height (44.32 cm), number of leaves per plant
(14.87), leaf length (41.97 cm), root length (11.23 cm), shoot weight per plant (137.19 g), root
yield (33.12 t ha''), biological yield (53.72 t ha!), root dry matter (10.96%), and shoot dry matter
(9.88%) were higher in October 15 sowing which was statistically similar with November 15
sowing. However, the highest TSS (12.28 °Brix) was recorded on October 15 sowing. Likewise,
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among the varieties, plant height (45.47 cm), number of leaves per plant (14.32), leaf length (41.85
cm), canopy diameter (37.23 cm), root diameter (66.48 mm), root weight per plant (193.32 g), root
yield (33.26 t ha'!), biological yield (55.34 t ha!), and root dry matter (10.96%) were significantly
higher in ‘Action’. ‘Action’ variety was statistically similar to ‘Madhur’ in most of the parameters.
The results of the experiment number three found that number of leaves per plant (13.37), leaf
breadth (11.54 cm), canopy diameter (39.65 cm), root diameter (78.63 mm), root weight per plant
(186.69 g), shoot weight per plant (156.69 g), root dry matter (10.56%), shoot dry matter (9.74%),
TSS (12.67 °Brix) were significantly higher in 45 cm x 15 cm spacing. However, plant height
(43.62 cm), leaf length (39.69 cm), root length (11.9 c¢cm), root yield (40.95 t ha!), and biological
yield (62.95 t ha'') were significantly higher in 45 cm x 5 cm spacing. However, the maximum B:C
ratio (5.57) was found in 45 cm x 15 cm spacing, which was statistically at par with 45 cm x 10 cm
spacing. Among the levels of nitrogen, number of leaves per plant (13.41), leaf length (39.79 cm),
root length (12.32 cm), root diameter (73.88 mm), root weight per plant (181.32 g), root dry matter
(10.86%), shoot dry matter (9.57%), root yield (38.14 t ha'), and biological yield (62.58 t ha!)
were significantly higher in 160 kg N ha! which were statistically at par with 140 kg N ha' and
120 kg N ha'! in most of the parameters. The highest TSS (13.3 °Brix) was found in 120 kg N ha™".
Based on the findings, the varieties ‘Action’ and ‘Madhur’, an October 15 sowing, a spacing of
45 cm % 5 cm, and a nitrogen application rate of 120 kg N ha™! were found to be most suitable for
optimizing beetroot production under the agro-climatic conditions of Kapilakot, Sindhuli, Nepal

Tehva? ST GHEH HEcaUl qXRIT ATl &1 | ATAHT Aehra¥ ATATR] AT [UES AT ATAT AGLATIAR]
IUIh gfald T8 TH ATArH] IR J9T IATHEA SATe A Tedhl B | qhratdhl IATHacd dAare
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Livelihood Strategy and Socioeconomics Vulnerability of Landless
People in Chitwan and Nawalparasi (West of Bardaghat Susta), Nepal

Ram Chandra Adhikari (DES-01P-2018), PhD 2025
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Durga Devkota, PhD)

Landlessness remains a deeply rooted issue in Nepal, disproportionately affecting marginalized
groups such as ethnic minorities and Sukumbasis, yet specific strategies for their livelihood
options are limited. This research aimed to assess the livelihood options, determinants, and
socioeconomic vulnerability of landless and resource-poor individuals across different ethnic
groups to help formulate appropriate strategies with the use of the Sustainable Livelihoods
Approach. The study was conducted in landless clusters of Bharatpur, Madi of Chitwan and
Sunawal, Ramgram of Nawalparasi district employing a mixed-methods approach. Primary data
were collected through household surveys, key informant interviews, field observations, and focus
group discussions. Face-to-face interviews were conducted with households (n=400) using a semi-
structured questionnaire. Interviews were also conducted with 30 key informants - including land
rights activists, local leaders, development workers, and municipal officials. Data were analyzed
using Statistical Package for Social Sciences for descriptive statistics, the Pearson chi-square
for categorical variables, and analysis of variance for continuous variables. Factors influencing
the adoption of primary occupation were examined using logistic regression in Stata. Findings
of the study revealed that the food security situation was dispiriting; only about 1/10" of the
respondents had a food-secure situation for the entire year (>12 months), whereas occupational
caste households had the lowest (p<0.05) full-year food security (2.56%). In both districts, the
main strategy for food security during the lean season was purchasing food as needed. Access to
land varied by ethnicity. MuslimzMadhesi households had the largest land holdings, followed by
BrahminzChbhetri, while Occupational caste households had the smallest. Brahmin/Chhetri rented
more land than Muslim/Madhesi, while share-in arrangements were most common among Muslim/
Madhesi. About 1/4™ of the respondents reported having irrigation access, with a significantly
higher proportion in Nawalparasi. Likewise, geographical location (p<0.05) had a greater effect
on household unemployment than ethnic identity (p>0.05), highlighting the influence of regional
disparities in job access. Traditional unskilled jobs declined, with a shift toward semi-skilled
and skilled technical work, mainly due to increased access to vocational training. Main sources
of household income included agriculture, foreign jobs, business, domestic services, traditional
occupation, and daily labor, though their contributions varied by ethnicity and district. Household
expenses were mainly for food, housing, and education. About three-fourths of respondents
relied on loans to meet these costs, with no significant difference among ethnic groups (y>=17.22,
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p=0.306). In 2023, households sold assets such as livestock, jewellery, vehicles, handicrafts, and
groceries to cover basic needs, with a marginally significant link between ethnicity and asset type
sold (¥>=28.026, p=0.062). Livestock was the most sold asset, highest among Janajati, followed by
the occupational caste and BrahminzChhetri, whereas 32% of the respondents identified handicrafts
as the most common potential job, especially among the occupational caste and Janajati groups.
Stitching clothes and driving were popular occupations for Brahmin?Chhetri and MuslimMadhesi
groups, while grocery businesses were preferred by Muslim and Madhesi respondents. Outputs
from regression analysis revealed that the age of the household head (p = 0.001), the size of total
cultivated land (p = 0.008), and the number of livestock holdings (p < 0.001) had a significant
positive influence on determining primary occupation. Conversely, receipt of remittances had a
significant negative impact on adopting a primary occupation (p = 0.041), implying that households
receiving external financial support are less likely to be involved in agriculture. The livelihood
options of landless households are shaped by structural, economic, social, and environmental
factors, with land tenure insecurity, limited financial access, and skill deficits being key problems
and issues with vulnerability varying across ethnic groups and locations. A mix of land reform,
credit access, skill development, social protection, and land leasing or sharecropping can enhance
their well-being more effectively.
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Impact of Foreign Labour Migration and Remittance on Household Labour
Dynamics: A Case from Marin Rural Municipality, Sindhuli, Nepal

Krishna Prasad Thapaliya (RUS-01P-2018), PhD 2026
Department of Rural Sociology and Development Studies
(Chairperson of the Advisory Committee: Prof. Kailash Nath Pyakuryal, PhD)

This study was conducted to assess the impacts of foreign labour migration and remittances on the
labour dynamics of household agricultural activities in Sindhuli district of Nepal. A mixed research
design was employed to collect quantitative data through face-to-face interviews, utilizing pretested
and modified quantitative interview protocols. Altogether 350 face-to-face interviews were
conducted with randomly selected household heads. Additionally, 21 Key Informant Interviews
(KII) were conducted with returnees, community leaders, and professionals, and 4 case studies
were collected during 2022. Findings of the study revealed that low individual income, lack of
employment opportunities, poor economic conditions of the migrants, the non-existence of social
assistance, child education, social prestige, and a desire for property accumulation were the key
drivers of migration. Whereas, increased labour wages, family labour shortage for farming, less
use of farmyard manure, a preference for farm machinery, decreased crop production, abandoned
livestock rearing, and less use of locally preserved seed were the consequences of foreign labour
migration in agricultural household practices. With a substantial impact on debt repayment,
savings, and children’s education, remittances significantly contribute to the socio-economic
landscape, positively affecting food sufficiency, healthcare access, and overall consumption for
families in the agricultural communities of Sindhuli district of Nepal. Similarly, the workload of
the migrant spouses increased as compared to pre-migration. Migrant households manage labour
deficiency by sharing workload within the household, using ‘Parma’ (labour exchange), hiring
labour, and using machines for heavy work such as field preparation. These findings suggest that
effective strategies and concrete plans are required to promote safe and dignified migration in the
days to come. Furthermore, it will aid in developing policies related to labour migration and its
consequences on agriculture.
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Effect of Non-Genetic Factors on Reproductive and Productive Traits of Crossbred
Murrah Buffaloes (Bubalus bubalus) in Dhanusha and Kaski Districts of Nepal

Deo Nandan Sah (ANB-01P-2017), PhD 2026
Department of Animal Breeding and Biotechnology
(Chairperson of the Advisory Committee: Prof. Mohan Prasad Sharma, PhD)

The potential of crossbred Murrah buffaloes in Nepal remains limited due to critical knowledge
gaps in genetics, semen quality variation, and the effects of non-genetic factors. A series of studies
was conducted in Dhanusha and Kaski districts, Nepal, from 2017 to 2020 to evaluate the effect of
non-genetic factors on major economic traits of crossbred Murrah buffaloes by estimating genetic
parameters and evaluating the quality of Murrah buffalo bull semen. The data included 10,987
buffaloes in Dhanusha and 5,925 in Kaski, altogether 16,912 milking buffaloes, and eight buffalo
bulls in the National Livestock Breeding Office, Pokhara and Lahan, Siraha. Data were analyzed
using the least squares method of Harvey’s Model. The findings of the first study revealed that
the overall least squares mean for body weight (BW), age at first conception (AFCO), age at first
calving (AFC), calving interval (CI), gestation length (GL) length of lactation (LL), daily milk
yield (DMY), and peak milk yield (PMY) were 35.10 + 0.56 kg, 975.14 + 10.54 days, 1287.88
+ 10.50 days, 420.00 + 3.60 days, 420 + 0.41 days, 276.66 + 2.32 days, and 7.5 £ 0.012 liters,
9.76 £ 0.015 liters, respectively. There was a significant difference (p<0.05) in buffalo calves’
weight across different birth seasons: summer 34.36 = 0.57 kg, autumn 35.47 £ 0.56 kg, winter
35.55 +£0.56 kg, spring 35.01 £ 0.57 kg, and non-genetic factors significantly influenced (p<0.05)
age at first conception, age at first calving, and calving interval. The findings also indicate the
need for tailored management practices to optimize reproductive and productive performance. The
second study revealed that the heritability for calving interval (CI) was moderate (h>=0.36). Lower
estimates were found for lactation length (LL) and lactation milk yield (LMY (h?>=0.14+0.078,
0.28+0.159). Productive traits revealed positive genetic correlations, with lactation milk yield
(LMY) showing a modest correlation of 0.31 and standard milk yield (SMY) exhibiting a strong
correlation of 0.95, indicating SMY’s closer genetic link to overall productivity traits. Thus, the
genetic potential for enhancing milk yield traits in crossbred Murrah Buffalo was revealed, with
positive correlations indicating opportunities for improvement. However, the negative correlations
with reproductive traits suggest the need for careful selection strategies. The findings of the third
study revealed that the overall least square means for initial volume of semen (%), pre-motility
(%), sperm concentration (10°/ml), live sperm (%), and sperm abnormality (%) were 6.15 +
0.13, 74.99 £ 0.26, 1599.33 £ 27.95, 66.98 + 0.08, and 4.21 £ 0.05, respectively. The critical
parameters of Murrah buffalo bull semen were significantly influenced by season (p<0.005) and
did not vary significantly across months. According to the results of the study, it has been seen that
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environmental and genetic factors have a significant effect on the productivity and reproductive
traits of crossbred Murrah buffalo in Nepal. At the same time, it has been seen that the quality of
sperm of the Murra buffalo bull will positively improve the quality of life of buffalo farmers.
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Ecological, Ethnobotanical and Morphometric Characterization
of Chiuri (Diploknema butyracea (Roxb.) H. J. Lam) in Nepal

Shreehari Bhattarai (FOS-01P-2021), PhD 2026
Faculty of Forestry
(Chairperson of the Advisory Committee: Prof. Balram Bhatta, PhD)

Diploknema butyracea (Roxb.) H.J. Lam, known as Chiuri or the butter tree, is a medium to
large deciduous tree native to the sub-Himalayan region of Nepal. It typically grows on south-
facing slopes at elevations between 300 and 1,800 meters. Chiuri is important for the environment,
economy, culture, and nutrition. It is closely tied to the livelihoods and traditions of various
communities, especially the Chepang ethnic group. The goal was to evaluate the species'
population structure, ethnobotanical uses, climatic niche, and conservation methods. The research
included field data from 90 sample plots established using a stratified random sampling design,
collected during nine extensive field visits across western, central, and eastern Nepal. Additional
data comprised species occurrence records from 58 districts, 270 household interviews, 34 key
informant interviews, discussions with community forest user groups, and meetings with local
government representatives across the Tarai, Siwalik, and mid-hill regions. Analysis of the
population structure of 349 individuals from 90 plots showed a bell-shaped distribution, indicating
challenges in regeneration. The majority of the trees were mature (71.35%), followed by poles
(21.49%), saplings (6.3%), and seedlings (only 0.86%). This suggests a bottleneck in regeneration.
Higher regeneration rates occurred in upper elevation zones, particularly in the Uppercentral and
Upper Western regions, where traditional protection practices, especially by the Chepang, were
common. Statistical tests using ANOVA and generalized linear model (GLM) showed that human
disturbances had a greater impact on regeneration than elevation alone. Key factors include Chiuri's
inability to thrive in shade, thick leaf litter, limited seed viability, and high grazing pressure.
Ethnobotanical studies revealed a wide range of uses for Chiuri. There were 1,440 Use Reports
for subsistence needs, 240 for traditional medicine, and 213 for religious and ritual uses. The
Central Tarai-Siwalik region, especially Makawanpur and Chitwan districts, recorded the highest
cultural significance. The Chepang community exhibited the most extensive knowledge and active
management, conserving Chiuri trees in private lands, community forests, and areas managed
by the government. Ethnotaxonomic insights from these communities suggest they recognize
eight distinct types of Chiuri that require formal taxonomic and molecular validation. Similarly,
Species Distribution Modeling (SDM) using MaxEnt indicated significant habitat shifts due to
climate change. Historically, Chiuri was confined mainly to lower elevations, while future models
predict reduced suitability in lowland Terai areas but increased potential in mid-elevation zones
due to rising temperatures and changing precipitation patterns. The findings highlight Chiuri's
importance as a Cultural Keystone Tree Species (CKTS), especially for the semi-nomadic Chepang
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community. The study emphasizes the need for targeted community-based conservation efforts,
policy-level changes, and climate-adaptive management strategies. The study further identifies
key directions for future research, including long-term assessments of population dynamics and
regeneration, integrative morpho-genetic analyses to understand adaptive variation, and focused
ethnobotanical studies on evolving use and management practices, all of which are critical for
ensuring the long-term sustainability of Chiuri. This will help protect the indigenous knowledge
systems tied to this vital species amid rapid environmental and socio-economic changes.
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Habitat Use, Habitat Use Dynamics and Carrying Capacity of Tigers
(Panthera tigris) in the Bardiya-Banke Complex, Nepal

Shyam Kumar Shah (FOS-01P-2018), PhD 2026
Faculty of Forestry
(Chairperson of the Advisory Committee: Jhamak Bahadur Karki, PhD)

Tigers (Panthera tigris) are endangered wild felids despite global recovery efforts, with the
majority of the population concentrated in ~42 key “source sites.” Effective conservation of tigers
in these areas requires reliable population estimates, estimates of site-specific ecological carrying
capacities, insights into habitat use, and changes in habitat use over time. The ecological carrying
capacity of tigers, fine-scale tiger habitat use, and habitat use dynamics were estimated in the
Bardia-Banke Complex in western Nepal - a globally important source site within the Terai Arc
Landscape (TAL). Using line transect surveys, ungulate densities and biomass were estimated,
which corresponded to an ecological carrying capacity of 133 adult tigers in Bardia National Park
(NP) and 28 in Banke NP. However, systematic camera trap surveys revealed current populations
of 77 and 12 adult tigers, respectively, well below the carrying capacity. To understand spatial
patterns of fine-scale tiger habitat use, a grid-based tiger detection and non-detection camera trap
survey was conducted across 719 grid cells, each measuring 2x2 km? in the Complex. Single-
season occupancy models accounting for imperfect detection indicated uneven spatial use of
tigers, with an overall habitat use probability of 0.43. Tiger habitat use was positively associated
with prey abundance and proximity to water and negatively influenced by terrain ruggedness. To
evaluate fine-scale temporal habitat use dynamics, multi-season occupancy models were applied
to tiger detection and non-detection camera trap data from 2013, 2018, and 2022. Habitat use
probabilities declined from 0.56 in 2013 to 0.49 in 2022, with significant fluctuations in the rate
of change (average A

2013-2018

Mo1sa0m = 2+28, ¥128% increase in space use from 2018-2022. Local colonization probabilities
increased from 0.39 (SE = 0.09) during 2013-2018 to 0.48 (SE = 0.04) during 2018-2022, while
local extinction remained consistently high at 0.50 (SE = 0.005), suggesting high site turnover.

Multi-season occupancy analysis from 2013-2022 revealed temporal fluctuations in habitat

=0.60), a 40% decline in space use from 2013-2018; while average

use, colonization, and extinction, with water availability and prey abundance as key drivers of
colonization. Findings revealed spatiotemporal variability in tiger habitat use, shaped primarily
by prey availability and water sources. The need for habitat-specific management is highlighted
with emphasis on prey and water augmentation, long-term monitoring, and effective human-tiger
coexistence measures to support tiger population recovery and persistence across the Complex.

ATIEE [FaeaTdl WE GATHEEH ATEs(E i Hheraw avsi=] g1 ? [dile&dl SAgel aiTaT

X}

¥ UHE ‘YT WAeE’ H Higd bl e | AT SFAT aATHe] TSN FREATH AR [FeaqHa
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SAEIT ATHT, TET q8d SHAl, AT T q97 96 TRadqaeiadan. a9hTs Aravds
TG | T A=A qReH AU S(ear-aich HEclaAl aTash] qRiedfqe a8 &adl, qeq
TR ATGATT TANT ¥ AGeH! GEAG ST FANTAT g4 TRAceh qeaa TRUET o, 99 awre
quiela & o 9 faeasad areel TAaerd A W 8 | Aled grdde ae0 fatg ganT W
HTERT TSR] STATAREEPT T T SAfaeh WRBT ATHIT TR fat, saar afdan aftea fressran
933 FIF ATH ¥ Ald ANGT (HeheTAT o FIEF e ar qIRIeafde qed AT hl qTeUa (9T |
Jafa, AT FERT AT FAE0 fafad g1 afear AT (Mepssrar 99 T did Afted Hahserar 93
FAEE ATH Tl @I [9AT, T T& STHATH! TAATHT [ 7 & | & T (Fine Scale) aTere
FTEAEATT TANTHT TAMH AT AT IXR AHHT ATRRFT A& IS IqeEHT RTERT ATHRT ard
IREe /SRaT FEET FoATaAd ARTHT T | 3790 9T A GEATEAT GHIESE T Tha-arag STanT
HIeAg®d (Single Season Occupancy Model) aToe®eadl AFHTT TMHE TN a@IAl, HA ATHLATT
TART GATSIAT 0.%¥3 Tgehl (9T | STl STHET YAN ABRT TATdAbl qasTeeweeh] JqAeddl T
ATHIeRT AT eh! GLIENT TPRICHE SIHT FEATedd ITedl, 9 - ATR(qF FoRard (Terrain Ruggedness)
THERTHE AT THT Mgl | Fe7 TICAT (Fine Scale) THIATT g ATHRATT TANTH! qiRacr FeaTs
T 3093, 095 T J0IR FHI ATH @A /AT FTHIT 2T SEHAT dg-ad ITART Jrea (Multi
Season Occupancy Model) @R TRUHT [aal | ITAZAA JART HATAAT 2093 HT 04§ o TR
RORR HT 0.%%, W HAl, FEHAT Jeer@H1d qRad % @Al (fFq A, = 050, -¥o% [Rwg
A A= 5, +936% Fhg) | T FUreAld FEATAAT (Local Colonization) 3093-3095
F 0.3% (SE=0.0%) a1 d¢¥ R095-R03 HI 0.¥5 (SE=0.0%) WU If@dl, ¥4 T faqe &
(Local Extinction) fAR=a? ®THT 3=91, 0.40 (SE=0.00%) F & g, T = ITALATT TANTEH
R ®r Fha T | 093-R0R H Tg-AMT ITAN faeawurer (Multi Season Occupancy Model)
I TANT, TF It gwAreaar (Local Colonization) ¥ fae<d T I9d SaRS qieaa
g, STHT qTHIRl ITAIdT T ATRRT TSIl dedsir@edhl HIA] Hed HReb qcadhl ®IHT IRgUah
T | TG AAGAAE AT ATHLATH TARTHT THA T FHIS (a9l @l &, SH Head: AR
TSR TN Eoh! ITAAAT T IR ITAAAGRT TATIT & | aTH FEATE TATIH TS,
ALY SFTRITIAA] AERT GAAR] TaSTIeohl Juqeddl I THIbl Tad ATqdig, faeahee
FITAA T GATIHN AT g7g FATHBLTAT SIS (& ATaIAF T8ehl afaws; |
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Determinants of Agricultural Land Use Change
in Chitwan District of Nepal

Rambhari Timilsina (EXT-01P-2018), PhD 2026
Agricultural Extension and Rural Sociology
(Chairperson of the Advisory Committee: Gana Pati Ojha, PhD)

Agricultural land use change is a complex and dynamic process. The agricultural land of Nepal
has undergone significant changes. The arable land in Nepal has declined gradually since 2001.
However, limited studies have examined these transformations from agricultural perspectives.
This study aims to assess agricultural land use change over the past two decades (2001 to 2021)
and its drivers to inform land use planning in Chitwan, Nepal. A mixed-method approach was
used by integrating geospatial analysis and social survey to identify and explore the determinants
of agricultural land-use change. In 2021, a survey was conducted with 384 households in
Chitwan. Logit regression was used to analyze the determinants of agricultural land use change.
Cropping frequency (high vs. low) within a calendar year served as the binary dependent variable,
representing land-use intensity. Socioeconomic, individual, technical, technological, and policy-
related variables were used as predictor variables in the logit regression analysis. Field observations,
focus group discussions, and key informant interviews were conducted to explore information
on agricultural land use change. Based on the qualitative information, a thematic analysis was
conducted to explore the causes and consequences of land underutilization and intensification.
The study revealed that cropland is declining in Rapti, Khairahani, Ratnanagar municipalities,
and Bharatpur Metropolitan City, primarily due to the conversion of cropland into residential,
industrial, built-up areas, and other land-use categories during the last two decades (2001 to 2021).
In contrast, Madi and Kalika municipalities exhibited more stable patterns of cropland use. Land
use in Chitwan exhibited an adaptive and cyclical pattern of change, with both the conversion
of other land use categories into cropland and cropland into other land use categories occurring
frequently. Although land abandonment and barren land are widespread concerns in Nepal, the
extent of abandoned and barren land in Chitwan was found to be negligible. This study found
that as the age of the household head increased, cropping frequency tended to decline, whereas
households that raised livestock were more likely to have a higher cropping frequency. Although
directions differed, migration dynamics were associated with increased land use intensification.
Similarly, access to the canal irrigation source was found to be an important determinant of land
use intensification. However, access to groundwater irrigation was more impactful for agricultural
land use intensification compared to canal irrigation. Increased contact between farmers and
extension professionals, as well as fellow farmers, was positively associated with cropping
frequency. Although land fragmentation is commonly perceived as a contributor to agricultural
land use change, this study concludes that land fragmentation is not an immediate barrier for land
use intensification, but poses long-term challenges to sustainable land use planning. The absence
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of legal frameworks, which leads to insecure tenure agreements, discourages both landowners and
tenants from engaging in land leasing agreements. Inconsistent land use policies were a major
barrier to sustainable agricultural land use. In addition, high input costs, market price volatility,
and the shortage of chemical fertilizers were the major constraints for land use intensification. The
findings underscore the urgent need for integrated, locally grounded, and farmer-centric land use
policies that promote agricultural productivity while ensuring sustainable land use.

FTETAT TN g AfHPT aacd Siadt ¥ qiare 9iRar &1 | I 2009 a1 Juree! H 47T FaT
FH: TG TUHN B | [a¥TT g5 IMHAT FAqamerl BT J-300H FJeel@ATT Iad= AT qTgwg | a¥
T TRATHEEATE (AT T AT Te® (Teb HH TTHT Gl | T 0% AT TR T FTTA
Fordqaaer favTa g5 S9HT HATH TART U GfHH aRadaars f[qeaue T e TEE o |
AT AT TUHT A TARTH! TRATTATS ST Gl JUTElT T qREFE Jrate JARErT A9
U foal | eI AT Fordadd 35% SREAT TEAINR TATF dShad Tl | i TERTHT
WU GRATART HARFEEH! [FIATUR! ATHT @fere e fafa g wivwer faar | arferes, anfier,
TR, ifafdes, qa1 AaTd FRFeEdTs @ard a<E] BIAT AT RIFTHAT AT AT | T
HATT A, REAT, TTAR ARITABIEE T SRAR HETHRITABTHT Tlegeed] T3 TATHAT (A 2009
g R03q) FHERT Gie afees! I@UF G | HeId: ATERE TAdHE RAAEE T A TR
TATSTHAHTATNT STHIHH! BATART TART TS IredT | a8 AIST T HI(eAhl ARANABEEHT T HT
FRATHET TANT qAATCHS FOHT f2aR T8l Ir8al | FRUAT Feordqa=ar Al 90 ¥ a9 aady
FARATATA T =h1d TR(qhl Sf@dr | el Ed qfH = JATSTTAT BATR g T A7 AT
G I FTHT F GANT SURT GSAT | AATT SAGEH TUHT AT AT FATaTH GAT AT
FIRT STHM 0 JUHT I TS, | T ATIT ATAR SHATRT THY TGS QT TR T qGHT d¥
AT TS ATART Tad TEATEAT T@ISE | A% TIATAT T ORG99 8¢ aeAl TS AT
TEIUHT B | ATTATEAR] AT [GORTT ®TAT H¥eh IMGT 9 T8 AF TG TARTHT FHRIHE
FRTETH TATTHT AT | 7EY AT FAATE & (GHATSHT TG, fHPT ToT AR Agcaqul (HeaRe que
qUEAT T T AT I1T TATIAT, AT AT T8 TEehT qTeaT | A1 FHFeed! AThId TaTF]
F TAR FATHTR TFIF T AT HUFEEATH ARAT AGHT I el ATafadT 18 g7 ATITe
T@UH B | TH AAATA - USIHUATS ATCHIcTd &TH HANG THIT i e THEATH] FTHT
FTETTHT B | FIAAT AT AT GRAATR] AT ¥ AT PR GERIATA TRMEAT T HIET gIlTs
F FHAT AT frecatted aATCRr argdr | @y sfer ygwanr fifq st afrer fer gane
TIF AT qTSAT | FHTHT ICATET ANAR] (g, TR Hedd IARAC, JATAEF HAB! FATT ST
faooes aft 9fAeT TOF YARTRT AT FACT g 9 A9 JAATd SEIes, | dd: a9 A
T G A, £F Fgd T FEATEAITAT ASAGH AITAN AAHT AR AT,
ST fAeRr fEvT 9T S T AN sy |
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Value Chain Analysis of Rice Seeds in Terai Belt of Nepal

Rajesh Sah (AEC-01P-2017), PhD 2026,
Department of Agricultural Economics and Agribusiness Management
(Chairperson of the Advisory Committee: Prof. Shiva Chandra Dhakal, PhD)

Rice is the main staple crop of Nepal and plays a vital role in ensuring the country's food security.
Rice seeds are fundamental to grain production, as their quality directly affects germination, crop
establishment, and overall yield potential. Quality seeds ensure uniform growth, resilience to
stresses, and enhanced productivity, making them essential for sustainable and efficient rice farming,
In the current context, the increased production of improved rice seed, along with the understanding
of the marketing and seed value chain, is inevitable. Besides, the factors determining the adoption
of recommended practices, revenue, rice seed value chain, and the decision to replace farm seeds
with improved seed need to be identified. In this concern, this study collected primary data from
300 rice seed producers and 300 rice grain producers, selected randomly using a simple random
sampling technique from the three major districts of the Terai belt with high rice seed production:
Jhapa, Bardiya, and Chitwan districts of Nepal. A total of 100 rice grain producers and 100 rice
seed producers were randomly selected from each district, which comprises a total of 600 samples
for this study. Cobb-Douglas regression analysis was used to determine the status of resource use
in rice grain and rice seed production. The binary form of regression, viz. probit model, was used
to identify the determinants of the replacement of farm seeds. The determinants of revenue and
adoption of recommended practices were assessed using the ordinary least squares estimation. The
study found significant district-level variations in rice production economics, with Chitwan leading
in gross revenue (NPR 172,278/ha); however, Bardiya had the highest BC ratio (1.73) in rice
grain production. The study revealed that resources used in rice grain production were inefficient,
which showed that seed and irrigation costs were excessively utilized and should be decreased by
129 percent and 218 percent, respectively. Conversely, the use of organic fertilizers, along with
harvesting and post-harvest costs, should be increased by 97, 74, and 76 percent, respectively.
Experience-based knowledge and environmental factors like land suitability are paramount for rice
farmers, with economic considerations. In the case of rice seed, Chitwan consistently has higher
costs across most cost categories, while Jhapa tends to have lower costs, indicating that factors
such as local agricultural practices, labor availability, and input prices significantly influence the
cost structure of rice seed production in these districts. The BC ratio of rice seed production was
highest in Bardiya (2.15), followed by Chitwan (1.99), and Jhapa having the lowest BC ratio
(1.97), showing BC ratios more than 1 in all districts, indicating strong profitability across districts.
The range of BC ratio spanned from a minimum of 1.06 to a maximum of 2.79, indicating that all
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farmers were experiencing positive returns. The Cobb-Douglas regression for rice seed production
revealed that the costs of underused resources, organic manures, post-harvest operations, seeds,
and chemical fertilizers should be raised by 387, 76, 75, and 74 percent, respectively. However,
for optimum utilization, costs associated with harvesting and using micronutrients should be
reduced by 104 percent and 10 percent, respectively. The study suggested adjustments in the level
of resources and the significant determinants to enhance the production of rice grain and rice
seed. The study also analyzed the determinants influencing the adoption of seed certification, top
dressing of fertilizers, and recommended FYM dosage among rice seed growers, and the findings
revealed that higher income positively affected seed certification adoption, while greater distance
from agrovet centers had a negative impact. Participation in training significantly influenced the
adoption of fertilizer top dressing, whereas access to extension services exhibited a significant
negative effect on seed certification but a positive effect on the adoption of FYM. Additionally, the
age of the household head and distance to market significantly influenced the adoption of FYM,
highlighting key socioeconomic and institutional factors affecting farmers’ decisions. Six different
market actors participated in the production and marketing of rice seeds. The qualitative analysis
of structure, conduct, and performance revealed that the rice seed value chain functioned within a
competitive environment with minimal market concentration. The production cost of rice seed at
the producer level was determined to be NPR 41 per kilogram, while the end-user price was NPR
85 per kilogram, indicating a significant price spread of NPR 44 per kilogram. The producer’s share
was found to be around 59 percent, which implied that the producer received more than half of the
final retail price. The marketing efficiency using Shepherd’s formula was found to be 5.67, implying
the marketing system was relatively effective in adding value to the product, and marketing costs
were also low, relatively to the final retail price. Agricultural institutions and organizations should
focus on and prioritize the underused inputs through subsidies, training programs, and awareness.
The significant socioeconomic determinants for the adoption of improved seeds and production
through the adoption of recommended practices are suggested for enhanced production.

AR THE @TEAT Tell dTel LR @ FRETHAT Heca Ul TNTET TATUHT @ | aciATT qRgadH,
I IR 413 IATETAT ig T AGH] IR FaLTAT 9T 913 Hed =@l I ATa9TH ehl
T | AT, fawTied TRUFT dEeEd A9, AR, 91 A8 Jed H@dr T B drgars ged
Argare gfqeamas 7= fqurerg AR T #Re dees ufewd T qEead B | 99 g, aq
FAAAT AT I G ATS ITAET g i THE JRISHT [Seaes $H1T, afedn 7 faqaare 300
[FATHT THAT T3 TRUH G | TAF [STeaardre 100 g1 F= Icaedh ¥ 00 g1 A3 IEH T
e fafqare grte fvuer RET | o o= IATET T 9T G99 ScdTedel 9id GANT gerar e
T FI-STAG IATET A FANT TRTRT BT | S5 ITqemg= a¥arg dq9T T BRb dcaegs (qeir
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T gifae RUFT Aed TART TIRUH B | RIRE TRUH AAEeEd q99 ¥ g1 a1 [ahiane g
HqrETl (aRe qodesdl HeaTs AR =F a3 FTATT YN T TRUH 927 | deqaeer a9 3=
T G IS IATEAHT FIAe®dl TN TATGRRT STAT AN THUR! AATAA WSS, | ACITAT &
T SITH AR I, AFAE TA, T STl FaTHTHT HIGRhl TANT G2l Fel @ehl @ A SHTITHT
Sifereh HeTehl YT SIET STUHT ITAT | AR TN, STGhl TN, T A7 ATHUEEHT SMGUehl dvaiel
AT QAlehl ATEIT T AT TEAAT (AT QTR 3 | A& TRUHT 3 Fa1 [Ferdr i, iR 3 99
IR TIAT Ae@qy AR el 9TSal | SHTITHT 7 FSTeetdl waT a6l of Jcaladhed Uid gdex
(¥ ¥q faaveer) @feq suran fausr g 7 afdamr 9@ (554 fF@med) ITeT ot el Seanare
qTEAl | FAaadH o1 ICTEAAE A AR Uiq gdey °% 93,395 IgHl T ATRT Iid gde? 4.3,
2%, 490 Aled a7 TSTeaAThl TAATHT €l &bl qTedT | ATGATAT a7 A~ IcATEAH] ATH AN ATHA
(9.\93) TET TERT ITSAT, T Al [TeATEEAT THT & AT IJATEAaTE AThT + Igehl @IS, | @I
TATATAT ¥ & FITT FF qRAREEA R HGAT a1 AIHT AGIHT AT @I I el qT3AT | FRTaTHT
GrT JTAIAT Tl Fel FATAAT (G4 Fiqerd) fgar 9= afearar vo giqera ¥ fadqaar §-¢
afgarerr @it @ w3 gfqerd garadar sfear | dema ST @19 ¥ (=g AT g YT U 3,
TEATE AT 3% T 45 HATT TS T ATIAFAT SMGTHT B, | AbIAh, SATeh T, ATeAT BT
ART, T a6l ICAEART eIl AT HH R, 9%, T O Jiaerad dersd I deadqare g, |
gT JeATEA T fFaTTeEdr AT SFAHaET Sened A T ATAER FREEs, Sl i STIhdar
HIT AEcAT0 Gl Al T ATUF TIEe T8l Gl | g1 S13 ICATaAal alNT ATaqAF ATAUA 3
T freerar faerar sfausr g | afamr ga e AT qanr gavwet adr (.Y fam) s wfger
UTEAT AT SHTITHT TATHIHT TANT (%49 T02T) Tl qwaT &l Tehl qTgal | ShTITHT Faear o SAfdes
AT (30%c el oT®) YANT TRUHT qEAT 9 afdamar QU Y fFarmd) qadmer &H JaTT Tieue
qredT | FaaanHT FerewaT 8 TATatAE 7l (R8s [FEARITH) T ¥ ATl el (384 faT) T AWy g
A3 IS AT ATACTF AT (¥% ¥ [&7) P ATTeARAT Teehl GTSAT | OTHH d13 IJATTH
Fercrarepl AT &% = TEehT UTSAT T SRTATeh! ARTT JeTcHeE THT FHH TUHT ITAT | TGl TAHT
FHT AT, H ITAAAT, T ATHUN AT FRFeEd AR ALAATH] HEcdqu FAd 9T Febel T
qTEAT | ATEATAT AT A AT Gl (LG4 2T TNEAT ¥ Fqaeal (4.2.%) ¥ AT HH BT (1.2.9)
AT 94T | AFIA SHT AT AN A9 IAqH .0% g I=acdd 2.9 FF q18al, S ATehieT
fopaTEEe THERICHE Ffahe 9T T I ITEH ATHUIRT ITARTAT =T T8ehT qT8al | Ha-g7ad
I degeel AfaeT AR g A9 ScaTedd AT Sifad 7, dTell IcAedRI harddr, a3,
¥ AMMATE AAFT AN FHI 369, 9§, 9y T 0¥ JIITad d@rgd I° AT S@IUH B | AbIah,
FTAT FHAHT AN T GEHATAR] TART ARTAATS HAM 0¥ T 0 T Targ I IT2aT | ATITA
IT A7 ¥ T SIS SCATEAHT ATdesel TX AT ¥ Heeaqul (Maedes afe=n T Iemed qar
T T QU B | AT a1 A19 IAedhe®dld dlrg JHIUIERU, HeAh! 29 Mg ¥ MR
TRTRT UTFTIReE T HATATH! AITAATS TATS AT (AR Teagees Ui [T Tl & | AT
ToT AT A1S FHTURRUTR] AT ThRIcHb AT TA1E T8, ¥ THHT drgeedlddl Tl
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T AGATE ARRTHEF STHT HEX TG, | AMAHA HAR TT SIS ATTAATE TG I Heq@aqol T
Gog, A9, faEaR arel 919 THTUNERROTHT FehRIcHeE TTE IT+ d% 116 A ATTTH] ThRIHE TATS
qT IGURT T | ATA, GHEATH SHY T AAR T ITFIRE A AT T Heedqul &THT FHE q1F
IFETHT G, T (FATHEwH MUTATE TATET T THE ATHIAB-ATEF AT AN Tcde® IR
TS | O ArSRl Ui [FarTe IeET dNd Scdied Tedl 1.5, ¥9 far 9o @ dft=aq ar
Y TANHAl AT a1 SISF Hed 7.3, o4 (991, 9 Ifq [Farme 90 7R 7.3 ¥¥ e
QT | g1 13 IATEhd YT bl HedAbl [GEdT Hiva YR Gqed T@ehl T IqEshed AldH gl
Heeh! ATITRT del Hed YTl Tl @Al | STheedl gAATe 0T TRUH TolY F6TdT 4.5\ areue
B, A qAR YUl JAATCHSE ETHT TATAHTT @l T TR AN FH @ehl Hebd e | HW
TITTHT AT THE, TeFRI T ALAEwdls ICAE ATHUTHT AR, dAMAH FREFHH, T TAAAAT AT
Tha wrafgear & S e | ST AI9Hl duHe ¥ AERIRE TRUST eTaesd JaTaTH]
AEcaqul (HaReead! e TH 99 ATATTH ATaedhal arag |
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Evaluation of Different Genotypes of Tomato (Solanum lycopersicum
L.) and Nutrient Management in Parwanipur, Nepal

Jeet Narayan Chaudhary (HRT-02P-2017), PhD 2026,
Department of Horticulture
(Chairperson of the Advisory Committee: Prof. Arvind Srivastava, PhD)

Tomato (Solanum lycopersicum Mill.) is one of Nepal's most important winter vegetable crops
in Parwanipur, Bara, Nepal, but its productivity is very low in our country. Therefore, studies
were conducted to find out the high-yielding determinate tomato varieties with long shelf-life
for storage and appropriate fertilizer combinations at the Directorate of Agricultural Research,
Parwanipur, in two consecutive winter seasons of 2020/21 and 2021/22. The first experiment was
laid out in a Randomized Complete Block Design (RCBD) with 16 treatments and replicated
thrice. Crop geometry was maintained at 75 x 60 cm?* and recommended doses of fertilizers (RDF)
and manures were applied at the rate of 200:150:120 kg N, P,O,, K,O kg + 10 tons FYM ha’
!. The results showed significant variation in yield and yield attributing characters among the
tested genotypes, and the genotype AVTO 1711 significantly produced the highest marketable
fruits (58.08 t ha!), followed by AVTO 1717 (54.09 t ha''), AVTO 1288 (53.76 t ha''), and AVTO
1702 (52.56 t ha'), and also the highest benefit-cost ratio. Therefore, genotypes AVTO 1711,
AVTO 1717, AVTO 1288, and AVTO 1702 were found suitable for higher production. The second
experiment was implemented to study the effect of different sources of nitrogen (N) for sustainable
tomato production, which was laid out in RCBD with two factorial arrangements of treatments
in three replications. Factor A consisted of three genotypes (AVTO 1409, AVTO 1306, and check
Pusa Ruby), and Factor B comprised of five combinations of N application (i.e., 4 applications
of N 100 and 50% of the RDF through farm yard manure (FYM) and poultry manure (PM),
and one control only RDF. The results observed a highly significant variation in genotypes and
a combination of N application, but non-significant in their interaction effect. Genotype AVTO
1306 produced the highest marketable fruits (40.21 t ha') followed by genotype AVTO 1409
(38.77 t ha'). Likewise, the combined application of 50 % N from PM and 50% N from RDF
recorded the highest yield (39.36 t ha!), and the benefit: cost ratio (1.66:1) was incurred from
combinations of genotype AVTO 1306 with the application of 50% N from PM and 50% N from
RDF. The third experiment was implemented to evaluate the effect of the number of perforations
in the plastic bags (MAP) on post-harvest losses of tomato fruits. The experiment was laid out in
a Completely Randomized Design (CRD) with two factorial arrangements of treatments in three
replications. Factor A comprised five levels of perforation (Open tray, no holes, 4 holes, 8 holes,
and 16 holes), and Factor B consisted of 6 promising tomato genotypes, namely AVTO 1712,
AVTO 1306, AVTO 1711, AVTO 1717, AVTO 1288, and AVTO 1702. The fruits were packed
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in MAP in 50-micron LDPE and stored up to 21 days at room temperature, and observations
were taken at 7, 14, and 21 days after storage (DAS). The results showed the highly significant
differences in total physiological losses in weight (PLW %) among the genotypes at 7, 14, and 21
DAS, and the interaction effect was not significant. The minimum PLW was recorded in MAP with
16 holes (4.7, 14.8, and 35.3 %), followed by 8 holes (6.4, 17.4, and 38.3 %) at 7, 14, and 21 DAS,
respectively, and the minimum PLW was obtained with genotype AVTO 1711. The highest score
on freshness appearance (3.8 out of 5) was found in MAP with 8 and 16 holes. Hence, MAP with
16 and 8 holes and genotype AVTO 1711 performed significantly better in minimizing the PLW
and retaining the freshness of tomato fruits.

MAST HeF e &TAHT IATEA & ATl Uk Hedqul fege avehi<l ATl &l | a8 TPl Jcaradhed
BT 39T fA W B | 9, TE1 e fad, ATl AUSRY AT TUHT SqHl SAd T SIUH
HTATHT YATRE qoT TaTafae T Gare T 9 Iaare fad w@adfead THTaRed qolliaesd! o
AT ATSA HT AT (AT, TRATIIAT F9 2030 /39 T R0 /%3 A AMAR 3% adT @94
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AT TMEUHT ¥ [GRIE Tl AT R00:9%,0:930 FHL: AT, (ATeeSA) © F. (FARRE) © 91 (A7)
F.SI. T TS AA 90 T Ui gHeebl Xl YN TRTHT FT | AlTsTessdh! faeauor T&l SAeRdes
forrept IcaTad ¥ SATEA @EAT WIIGUSEEHT qRIE Javel Weeaqul faeIar sfauer faar | aer
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Fqfde = feoea § FRF THAH FIOA T FRE T 6 3 747 [AErEges ufafast qvog,
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Tl AATHT, ¥, & T 9% TaT WTees AUH! WTtae JATAT RgUeT fdT T ®ree? fof |1 TATEIHT B aaT
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T X {35 a2 FRFesH! faaw J=aRiRaT T IS0 | el AHT ARt FH g9 9% AT
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wifted IaT T (e TeEAT qcafus Hewqu AT 3@ av SvaRthaT gHE @rg 9eud | 9%
T ETAEE AUEI Wt JeATHT HUSRIT TRUH! FAHT Gl el qroad ¥ fSerergdes urafasi
9999 (4 HET 3.]) T AT UG © A8 JUHIHT Tebe AT | AR ATARAT 9% T © ATA8% JUHT
WAt h AATHT T T TGRT Fel T (TATEIEE TATEST 9999 HT Feehl FATET FUTwel FesTwaT
FH AT T FTeRT FE ATSITIHT Jeel@ i &qHT TET 2@ |
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Evaluation and Selection of Maize Hybrids Targeted
for Western Hills of Nepal

Bhim Nath Adhikari (PLB-01P-2017), PhD 2026
Department of Genetics and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Surya Kant Ghimire, PhD)

Maize cultivation area and productivity of western Nepal are lower than those of eastern Nepal,
and climatic challenges such as low rainfall, late onset, and early withdrawal of monsoon demand
early to intermediate stable maize hybrids to enhance maize productivity. This study aims to
identify stable, high-yielding, early-maturing single-cross maize hybrids suitable for summer
planting in the mid-hill of western Nepal. Ninety-three single-cross hybrids were assessed along
with seven checks in the experimental field of the National Maize Research Program, Chitwan;
Directorate of Agriculture Research, Surkhet; and Directorate of Agriculture Research, Doti
during the summer season of 2019. A subset of 17 hybrids with grain yield greater than Rampur
Hybrid-10, anthesis silking interval of < 3.0 days, and disease score < 2.5 was selected from 2019
experiments. Those selected hybrids, along with three checks, were further evaluated across the
National Maize Research Program, Chitwan; Directorate of Agriculture Research, Surkhet; the
Horticulture Research Station, Dailekh; Ginger Research Program, Salyan; and the Directorate of
Agriculture Research, Doti in the summer season of 2020. The field experiment was laid-out in an
a-lattice design with three replicates in each location. A total of 25 inbred lines that produced 17
selected hybrids from 2019 were characterized using 20 simple sequence repeat markers to assess
genetic diversity. Significant variation was observed in genotype, environment, and genotype by
environment interactions for all measured agro-morphological, yield, and yield contributing traits
under all locations in 2019. Positive correlation observed with grain yield for major traits such as
days to anthesis (0.40**), plant height (0.53*%*), thousand kernel weight (0.20*), number of grain
rows ear! (0.23%), ear diameter (0.37**), and negative correlation observed for anthesis silking
interval (-0.63**). A total of 54 alleles were detected for 25 inbreds from the 15 polymorphic
markers, with 0.64 mean polymorphic information content, showing the presence of genotypic
diversity. Molecular diversity of inbred lines and yield performance of hybrids showed that 15
selected hybrids were developed from genetically diverse parental lines. RML-97-1/RML-98,
RML-145/RML-98, RML-11-1/RL-298, RL-180/RL-105, and RML-97-2/RL-105 were observed
to have high-yielding and stable hybrids based on AMMI stability index. The better-performing
hybrids could be verified through on-farm testing before commercial release to enhance maize
productivity in the western mid-hills of Nepal for summer planting.
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Tebeh! &TAHRd T IoAThed qfd AITeAeh] AATHT TR=HHAT FH Tehl G | AR T AH Gl g,
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qEAT TEATE AT T FARe fadal A=Y HHEE T WA= 95 IAET Aleg aradr | o0
Frated AP A Y0 g TAUAAR HWE Hed QU a1 dgedl MU ST el L¥ ufad ¥ va
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fereerour ATRd IRigevdls THEdR W&l L el GHE aWT | diedl auare SfFusT Q@ ar Fureiey
HAATAET A Y AT ATSIACEH ATAATHT Fieh-Tkeh THEHT Tehlel Fieh THAE ATTATHEATE
IAHT ALY ATeeale Af@ ICAEA ATS TS qte. T If@aT | TH [eRar STFAmmed dTar
e ARUHE FUEIFE AdeE HH  ARIHIA-RO-R/ ARIFIA-R 5, ARIRTA- ¥ Y/ ARAATA-%,5,
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Genetic Diversity and Variation in Seed Protein and Oil Content among
Nepalese and Exotic Soyabean [Glycine max (L.) Merrill] Genotypes

Netra Hari Ghimire (PLB-03P-2017), PhD 2026,
Department of Genetic and Plant Breeding
(Chairperson of the Advisory Committee: Krishna Hari Dhakal, PhD)

Nepal is rich in soybean diversity, but many local germplasms remain under-characterized,
especially for nutritional quality and molecular traits. This study was conducted to explore the
phenotypic and genotypic diversity, genotype x environment interactions pattern, and analysis of
protein and oil content of soybean genotypes. A total of 150 soybean genotypes collected from
different sources were used for the field study at Dasharathpur, Surkhet; Rampur, Chitwan; and
Khumaltar, Lalitpur using alpha lattice design with three replications in two consecutive summer
seasons of 2019 and 2020. Field data were recorded for days to flowering and maturity, plant
height, number of primary branches per plant, number of nodes per plant, number of pods per
plant, seed yield, total biomass, harvest index, and hundred seed weight. Protein and oil content
of 144 soybean genotypes were analyzed, while 141 genotypes were used for a genotypic study
using 30 SSR markers. High variation was observed for seed coat colour, hilum colour, leaf shape
and size, flower colour, flowering and maturity, plant height, seed yield, and yield attributing
parameters at the phenotypic level. Hierarchical clustering and principal coordinate analysis
confirmed the genetic variation and relationships among the studied genotypes, grouping them
into five clusters. A total of 124 alleles with an average polymorphic information content value
of 0.79, and six rare alleles were identified. Sathiya and Baglung Seto were identified as ideal
genotypes for protein (43.43%) and oil contents (15.02%), respectively. All recorded traits in
the AMMI analysis of variance showed significant differences for genotype, environment, and
genotype x environment interaction. The results showed that the top five high-yielding genotypes
were 200525 (Rampur) (2075 kg/ha), NGRC06833 (2074 kg/ha), NGRC06835 (2041 kg/ha), and
TGX1987-62F (1988 kg/ha). These genotypes were also identified as ideal in the GGE biplot and
ranked superior based on AMMI environmental score across locations for seed yield. The top
five high yielding and adapted genotypes were GC8234GC-13, 200525(Rampur), NGRC06835,
NGRC06833, and Kavre for Surkhet; NGRC06833, TGX1987-62F, TGX1989-19F, NGRC07368,
and LS-77-16-16 for Khumaltar; NGRC02675, NGRC06833, 200525(Rampur), NGRC06835,
and TGX1987-62F for Rampur. Overall, the observed phenotypic and genotypic variability among
soybean genotypes, particularly seed yield, protein, and oil content, highlights their potential for
selecting both location-specific and broadly adapted genotypes, and for identifying suitable donor
parents for future breeding programs.
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fawarer 3=Ts, gfa fawar wratas emewsr ag@n, ufd fawar aierer agen, uid fawar Hremesr
FIEAT, IR IATEA, T AR a9, Fel ATATHTE T FIA A3 ST&dl U fqeoares /9=
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(0% %31, /8.), NGRC06835 (R0%¥9 &5, /7.), T TGX1987-62F (1355 %31, /&.) HHM Ichd
qTEUHT T | Seetfad deTaes GGE aTgwaT el A-sicel w97 sf@ar ard AMMI ararazoirs
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Diversity, G x E Interaction, Grain Quality and Blast
Resistance of Fine and Aromatic Rice in Nepal

Dev Nidhi Tiwari (PLB-02P-2017), PhD 2026,
Department of Genetic and Plant Breeding
(Chairperson of the Advisory Committee: Prof. Madhav Prasad Pandey, PhD)

Rice is a principal food crop contributing significantly to the national economy and is important
for the livelihood, food, and nutritional security in Nepal. Aromatic rice is one of the premium
rice types that has a high market price and increasing demand throughout the globe. Despite the
huge importance, limited research has been done in fine and aromatic rice landraces of Nepal and
few aromatic rice varieties have been released. The present study was performed to investigate
the phenotypic and genotypic diversity, evaluate blast resistance, analyze GXE interaction and
performance stability, and to assess the grain quality of Nepalese fine and aromatic rice landraces.
Multi-location field experiments (Hardinath, Tarahara, and Khajura) and blast screening
(Hardinath, Tarahara, Lumle, Khumaltar, and Khajura) were performed for two consecutive years
(2020-2021) in the locations mentioned above. Analysis of variance on 150 fine and aromatic rice
landraces revealed significant (p< 0.05) variation for all the traits. Balamsari Dhan produced the
highest grain yield (6.2 t/ha), followed by Rango (5.35 t/ha) and Sabitri (5.2 t/ha). The KOH-based
aroma test identified 18 strongly aromatic, 25 moderately and 107 non-aromatic landraces. The
screening for leaf blast resistance revealed that the area under disease progressive curve (AUDPC)
ranged from 7.0 to 1034.9 with 55, 67, 24, 2, and 4 landraces characterized as resistant, moderately
resistant, moderately susceptible, susceptible, and highly susceptible, respectively. The SSR-
based diversity analysis using 44 markers produced 37 polymorphic markers on the subset of
139 landraces revealed an average polymorphic information content (PIC) of 0.48, and it varies
from 0.01 to 0.74. The Principal Coordinate Analysis (PCoA) constituted three distinct groups
of landraces. These PCoA groups comprised the landraces obtained from all three geographical
regions of the country. Genetic study on the sub-set of 30 aromatic landraces revealed that high
heritability values were estimated for the studied traits (0.76-0.98), where the highest value was for
heading and maturity days. The maturity days (r=-0.56, r=-0.43), plant height (r=-0.78, r=-0.66),
and panicle length (r=-0.58, r=-0.44) exhibited highly significant negative genetic and phenotypic
correlation with grain yield, respectively. The AMMI analysis showed significant genotypes and
GxE interaction effects for grain yield. According to AMMI, GGE biplots, and superiority measure
(Pi), landraces Balamsari Dhan, Tilki, Gouriya, Damari Dhan, Hiupuri, and Kalo Basmati were

identified as high-yielding and stable. Grain quality assessment of the aromatic landraces (n=30)
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revealed that the amylose content of Sunaulo Sugandha (25.6%) and Hiupuri (27.1%) was higher
compared to the check varieties (14.3-18.2%). Furthermore, the correlation analysis revealed a
positive and highly significant correlation between amylose content and length-breadth ratio (r
= 0.59) as well as milling recovery and head rice recovery (1=0.69). The study demonstrated
the diversity of Nepalese fine and aromatic rice landraces and identified high-yielding, blast-
resistant, and superior grain quality aromatic landraces. The findings are useful for aromatic
rice improvement in Nepal and the identified landraces: Balamsari Dhan, Hiupuri, Damari, Kalo
Basmati, Karia Kamod, Hansraj Dhan, Nimoi, Kalo Dhan, Sotharcha Dhan, Kanakjira Dhan, and
Gouriya, producing higher yield, resistant to leaf blast disease, and strong aroma can be utilized
for the varietal development purposes.

g1 FATAR! AT AGTAAT Sl ARTE a7 TH@ @rar=arar & T AT SAAarel Siiaebarsd, ard
FAT A0 FREATHT AT AUl A | HeAdTT ITel (e Yoz Wl S&Hdl a1 G &l el
TR Hed T AT FEARAR Ioof T B, | oY Hecd gaTqrT TUTersT HIGaT T aTehcl areeht qasicaasent
FH ATA TR AT AT GTHHT ST IeHTET T A | TAHH AT DTS
FRHAT ¥ JoAEA eTHAT feorarel faeaor 79, ¥ A9 AiEAT ¥ ATl gl qiasaesd
FeAehl UEAR T NS 9% TRUHN P37 | ag-Tqeld @aqandy Gerel (@faard, avext T @R T
HEAT TR AT gt THE (@fATd, 1, @1 T GHACR) AT FAR g5 a9 (0R0-30%9) ¥
TieTerT foaT | THET =T AT T SIAT aTeRT qiasTdesdl e (ANOVA) &1 fasermurer qa
HeATT TRUHT faaTodTewe! AT Heeaqol (fr<o. oY) I@TAT | TATHEL gl FATwRT TEl A= IJeATaw
(%.3 TA/BFER) TRl @, QUG TN (L3 TA/84ER) T FGA 4.3 TT/8HRT A~ Icarad TRapl
T | GeaTtauH Eegredss (KOH) smaid TR qiieiore qiasiTde®dl ghleare 9 Afq i,
Y HAH T 909 TR-FEwId =THeT = T=T | 9 §eaT FiqRrerel oanfi MRy St AUDPC
AT 9.0 3@ q03¥ & TH Iwhl @IS, AT U4, &9, ¥, R T ¥ AiASIde® FHA Jawrdl, Teaq
gfeR1dT, Feow ®9H gagaelia, Alqaaeaeiia T 3= Faaaeid ®IAT (=0 TRUH G | ATTaRTE
fafarerar faoeomn Sefad TauaaR ArEAET 39 99T Giiqwithes 3@ 9, U G IA-ATE
AT AEFAlad FadeHT TRUHT ATAILTE [aeaToraT dramstg A1 0,09 3@ 0.0¥ T fa=@r T
FITAT 0. ¥ 5 WIF Teehl faT | 7@ gferar faeetwor (PCoA) deaaeel qrasiee! dMaedr gg 99 JaR
T | A TH@ gfed e (PCoA) THE AT 9el Silfas &l qiasias! deaar aiaar |
SrEaer arEdr A ASTaEEE! TaUaHT MRUHT ATEETF AT G (F9Tardl I== JrAeh I T
(0.9%-0 %) INGUH @ el arer e ¥ are fad garepr anfir g=araaar ret aifewer faar | are
faq, dredl Ia1E T ATl AFTSH AT ICAEAEN AATIF FEAdqy T THRIHEF SAMIERUF T
hTETERE sravareeg 3fgar | 9l faeera et o JeATeAT gitae Heedqul SAHIered T Ay
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T FATATERY AR AT FATAER Hebd Tl B | FHT q, I R, SAToilg drewre T &3dr "I+ (Pi) &0
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Sustainability of Double Rice Cropping System
in Western Terai, Nepal

Puspa Raj Dulal (AGR-03P-2020), PhD 2026
Department of Agronomy
(Chairperson of the Advisory Committee: Prof. Santosh Marahatta, PhD)

The rice-rice cropping system is unsustainable due to a short turnaround period between two
rice crops, which deteriorates soil quality and results in lower yields of main-season rice. Field
experiments were conducted in farmers’ fields at Sunwal, Nawalparasi, during 2021 and 2022 to
discover the appropriate techniques of raising healthy rice seedlings in late winter for early spring
transplanting; to identify the cold-tolerantrice genotypes; to determine the appropriate transplanting
dates and proper varieties to establish an optimal window period, and to improve the soil quality.
The first experiment evaluated eight different nursery structures. The second experiment examined
the seven different seed priming techniques and a control with dry seeds. The third experiment
was conducted in a split-split plot design, with four planting dates in the main plots, two nursery-
raising structures in the subplots, and rice genotypes in the sub-subplots. The fourth experiment
was executed in split plot design with dates of transplanting as main plots and varieties as subplots
for both the main season and the spring season. The fifth experiment was executed in a strip-split
plot design, and treatment consisted of with/without green manuring in vertical plots, withzwithout
residue retention in horizontal plots, and four real-time nitrogen (N) management practices in
subplots. The data of morning and afternoon soil and ambient temperatures, and relative humidity of
nursery beds, seedling germination and growth, crop growth, phenology, yield and yield attributes,
soil physical and chemical properties, economics, and N use were collected and analysed. The
research results revealed that seed germination and seedling growth were better for plastic tunnel
beds, plastic-covered beds, and mat beds, whereas the use of pre-germinated seeds and ascorbate
priming significantly lowered the time for germination, produced more seedling population per
square meter, and produced longer and robust seedlings. The genotypes SARBTi, IR 17L 1571, and
IR 15L 1008 showed cold tolerance, attributed to their higher germination index, taller seedlings,
and significantly greater seedling biomass compared to commercial check varieties Chaite-5
and Hardinath-1. In the spring season, Hardinath Hybrid-1, when planted during the month of
March, produced a better yield, whereas for the main season, Hardinath Hybrid-1 yielded better
for all dates of transplanting, followed by Ram Dhan, but Sabitri produced a significantly higher
yield when planted early in July. Phenological studies identified mid-March during spring and
early-July for main-season transplanting to create a sufficient window period and also mitigate
terminal heat and cold stresses. Hardinath Hybrid-1 and Ram Dhan exhibited superior climate
resilience and yield stability across planting dates. Results also revealed that integrating green
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manure and crop residue retention significantly enhanced soil properties, vegetative growth, and
system productivity. Among N management strategies, the Nutrient Expert (NE) model-based
N maximized system yield, whereas Soil and Plant Analysis Development (SPAD)-based N
management demonstrated superior N use efficiency, reducing N input by approximately 58%,
while maintaining yield stability. The system was profitable with a significantly higher benefit-cost
ratio for Leaf Color Chart (LCC) and recommended dose of fertilizers based on N application in
2021, and for NE-based N application for 2022. LCC and SPAD-based nitrogen had significantly
higher nitrogen use efficiency. Thus, modified nursery structures, appropriate seed priming, and
cold-tolerant genotypes enable early transplanting, creating a window for green manuring and
residue retention for main season rice, which, together with NE-based N management, improves
productivity, profitability, and soil physicochemical properties of the rice-rice

AT -8 GAT JOTCATHT AT TeT FalHl g, ot ad aTe I T SHEEATehT FTU HIETeh! TURAHT
T ATSTT GiT TUITeATeh IATGHAHT g1 ATUHN B | SUIH THIAT qwT a1 @iy T AT oy
HIGHAT ST gTHT 947 ghied Yfatdes aar avmsH, fordl e o dew qfe=r T, ITh
Ao AT T SATde® Aleha 9 qoT aTH-aTd JUITCAHT HIG[hl IaRTTh G T F 039 T Q03 AT
TIARTATR! AT fafq A T=ee Foaraq TRuH 90 | afedr s s fafaer T8
HIEAEE AT (9T | T A1 (i 419 IT=R ffaes T edr arsd! Ue Mo fafg qwraeT
MU o2l | T A=A [Eqe-oete e [AreadT MRS a7 STHAT Hed @A [dia~ =R
413 B fAfde®, Ta-leHT g5 AU GRAATE® T qo-qa-TAHT dTeRl Yolliaes T@ue 9247 | =rer
AT foede Wi fesiegaT Her wiewT I fAfdes ¥ 99-waT §eT ¥ a9=1 39 (a9l JATaes
T TReRT T | et sEeaT e feea-fede wie festrgaan wfvwer faar s STt weHn et
HAART TN T /A, THT TASHT ATAT AAT T /ARG T FI-TACHT =R TeRReBT AT ST HaTTIH
fafres TaTaer Miewewr faq | F9 sArsHT fae ¥ feSHIeRr Arer T anfedl araraRurel Ty, grafared
TGAT, SATHl SHR T dlg, arel gig T faera, arell Ioed ¥ IS gohes, AT Hifae ¥
ATATTF OTER, ATedIeTT FARTH AT AT faeeivor Tre= qease® dgad Y faeamr afewesr
ol | ATERATR] AT WAL R aAAd SITUHT TS, TANEEhe BB TS T FTE ASEEHAT ATIh]
JUR ¥ TATHT qlg TAT g FAFET T I@IAT | AHTAH, Tieed § TATIHT A9 T TZhIT ITAR TRTHT
PR TAN JIA AN HT Il ®AA] Tl qr3al 9id a9 ez a@l a1 Fedr T aweq qa
Fierar It 9 dife fafae@eme g4 9rgar | SARBTI, IR 17L 1481, IR 17L1571, ¥ IR 15L 1008
STee (=& Ted &Hal 3@, T I ATde® od-4 ¥ efEarg-q #1 oA THT J14es Icarad
TUeRT T | F9wr a9 |1 WTE AiEATHT AR gfedTT gretae-q o THT IR fedr A9 v fasieer
AThT &e I afqewr efdmry erefae-q o 9T afg ¥ Soamew fadt ¥ ety | gt o TET
foral A% ST T AT GUSHT ATAAT AT ICATEA T IGAT | qFRT T qT HIHPT ATTET AN
FAI HA-HH T TATGH Tiedl Bl ST TS AHAHT BIHT qle=Td AT STHare agq=1 a1 ais,
Teh GTedl JHT q9ATT a9 &9 ST Tl AGEdT TeT | BT 8rgiere-q T TqH d1 Srdesdl [dra~T

Directorate of Postgraduate Program, AFU




Compendium of PhD Research Abstracts

qrrg THIqEeAT feaR Iearee eTHaT Yaei TeRl Igadl | Bl Het ¥ arell Saeiehl §4ch TANTe AT
A Tep-TATATTE T AT THY TUTCHThT IATETALAAHT Feel@wid TR ATAT | ATZITT SHFEATIH
UHifaeEae, feUre THRUE WIS ATERAT AT AN Tal  Fawwl dfG ot Jedrad s |
73T, TATE (SPAD) T STeMe SIS a=ITIaTe JeaaTaT & FHT TATST T FRT 4%
ATgared SRS Al Aepy faeptfaar | efeal Aeter TRt &l are-a19 queiiel gcaregshed 5T
qUHT AT | T 039 AT [ FelRk Ad T AR AeAadT amied Argarei JARTane ¥ 99 03
A FAfguee THRTE WA AR ATZETA TARTETE AT AT JUTE ATRHes g | e fa e
T TATS AT AR ATZIS FANTHT ATSe ITANT Jooled ®IHT = HAUH qredqT | qad, TG0
FEFATHT R, ITAH a13 ITAR rateredl SHre, ¥ F=ar qeaefia Srdewed! TN aaw dTeH! AqTg
fEar TvIT g 9ol 8T Hel ¥ TFehT AT SHARATITERT ATNT ATAAF THT ITT TRISTH a1
fecTre THIE HISd, TA G AL T TS &1 T (999 qa@Te Faedrad fafugess Teraard
ATSEISIA SFFEATIH &I aTH-8T JUTeATl Ieqra=fIad, FTHT, T A2 TR R & |

>

Directorate of Postgraduate Program, AFU






AGRICULTURE AND FORESTRY UNIVERSITY

Directorate of Postgraduate Program

Rampur, Chitwan, Nepal
Phone : +977-56-591514
Website : www.afu.edu.np



