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Abstract — Farmers’ knowledge in describing and farmers currently deprived of benefits from new
distinguishing climate-induced traits and selectingniche- technologies. They should be adaptive to local @scim
specific crop varieties is important for developingfarmer-  {he light of climate changes and the vagaries ehbysat,
preferred ;’ari;ties and ir:jcreag:pg crop ?’.ield' Lheeby as climate change is impacting agriculture worldyyid
O fo0d Seculy and estence @ G BNS making curent planis, practices and _stategis
knowledge on climate change related traits, while otal 'nappmp”ate (1], [2]'_ Despite great achlevemel_ﬂl_s
knowledge documentation in general has made signifint Science and technologies worldwide, new technotogie
progress in the past. Taking rice as an example, ithpaper Mmany cases deem inappropriate to the smallholdereizs
attempts to document farmers’ knowledge on climate- largely in the developing countries [3]. [4], [5k is
induced traits in local and modern varieties, charaterize mainly because farmers’ knowledge and interestsnate
varieties against different climate stress-tolerant traits, adequately assessed and local adaptation critezianat
compare farmer knowledge with scientific knowledge,and properly considered in technology development [8],
discuss its implications for improving crop yield, food [8].The poor consultation of farmers lead to poor
security and resilience to climate change. Informadn was understanding among scientists of descriptors which

collected using a ‘Functional Trait Matrix' and sources of f k . decisi auto
information include Focus Group Discussions (FGD)Key armers use to make appropriate decisions on p

Informant Surveys, direct observations, and reviewof New varieties and their deployment in differentetymf
secondary literature. The results revealed that famers fields[9], [10], [11]. Past studies such as [1203], [14],
consider both abiotic factors (drought, cold weathe edaphic  [15], [16] and [17] had been made to analyzed fasme
factors, water logging, lodging), and biotic factos (insect knowledge on climate change and suggest to combine
resistance, disease resistance) as climate-inducpbblems  |gcal knowledge with scientific knowledge, but pigor
and have their own way of describing varietal trais, consider climate change impacts on agriculturemiss
measuring strengths and weaknesses of varieties,camaking are knowledgeable about locally grown varieties e

infformed decisions based on varietal response to dke - : .
factors. Local Landraces (LRs) are found to be more growing environments. They use their local knowéetly

resistant and tolerant against different traits than the deploying different varieties to suitable enviromise
Modern Varieties (MVs) grown, which could be largey based on crop genotypes, growing environments and
because of long-term adaptation and evolution of LRin the ~ social contexts [11], [18], [19]. Farmers grow bddical

local environment. Farmers’ knowledge was found siitar to  and Modern Varieties (MVs) to meet multiple neeti8][
scientist descriptors and descriptor states used in [20] and each of the varieties receives differéntia
characterizing varieties, which suggests that localand preferences in different ecological niches, wher¢éRs
scientific knowledge can play complementary role ah gre found better adapted in environmental stresditons
comblnatlor! .of two can g!ve better results than oner the as compared to MVs [21], [22], [23]. Farmers also
other. Specifically, farmers’ knowledge can be usetb choose distinguish agricultural lands and name them ciffit

local parents in breeding, especially if resourcesi a based hei h - loaical
limitation. The tool developed in this study can bewidely PaS€d on their —characteristics on agro-ecologica

used globally in understanding farmer knowledge and conditions such as soil color, texture, fertiliggetative
distinguishing local and modern varieties against limate  indicators, water retention and permeability [1#5],
stress tolerance and making apt decision, as wellsa [26].
promoting conservation of agro-biodiversity on-farm for Participatory approach has been emerged as a mithod
food security and long-term resilience. develop locally viable and beneficial technologiesg.
varieties) by engaging farmers and using their kedge
and genetic resources. Participatory approachesfiaty
development engage farmers in the process of vyariet
|. INTRODUCTION development and apply their knowledge while periogm
breeding activities—parent selection, crossingecain

Generation and promotion of appropriate techno®giind saving of seeds, maintenance of population, and
including crop varieties are necessary for increasirop generation advancement [27], [28], [29]. Particpgt
productivity and uplifting smallholder farmers frofmod pjgnt Breeding (PPB) helps develop varieties adping
insecurity and abject poverty. New technologiesirteebe  farmers and allow them to select plants with trafttheir
relevant to farmers, replicable, robust and resmurcCinterest. The approach is highly relevant in thghtliof
efficient to be able to reach and benefit a langmloer of
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climate change that demands new set of adaptiits tra Discussions (FGDs) conducted in Bara (Terai) angkKa
new varieties, to cope with changes emanated loyatdi (mid-hill) districts, which was supplemented and
change. However, many scientists fail to documamhér triangulated through Key Informant Interviews with
descriptors and consequently poorly consider ckmatknowledgeable farmers. Secondary information was al
induced descriptors used by farmers in their bregedi drawn from the documents prepared by differentqmtoin
programs. Even practitioners of Participatory Crogthe past and published papers.

Improvement (PCI) or breeding have poorly considere
climate stress traits in the past as they havelynfostused
on yield, disease resistance, and post-harvets sach as

cooking quality during planning phase. 2 1.Research Sites

There is lack of reliable, universal and comprehens e conducted this study in two biodiversity-rich
techniques available for scientists in understamdiocal geographic regions, the Terai and mid-hills, of alep
descriptors and combining that with scientific kiedge. \here NGOs and national agricultural research cstati
Tools used in participatory approaches are oft@p@dl paye peen implementing various on-farm conservation
or contextualized based on local situations. Commgg|ated projects such am situ conservation of agro
approaches are useful for practitioners of PCI evhilyiggiversity on-farm, Community-based Biodiversity
documenting local knowledge on varietal traits a”ﬂ/lanagement (CBM), promotion of neglected and
devising breeding plans. Precisely, they need sesssthe nderutilized species, potato research, etc., sifies.
way farmers describe their crop varieties agaifigtate Begnas VDC of Kaski district from the mid hill and
change stress traits, the extent they resemblet8e Kachorwa VDC of Bara district from the Terai were
descriptors and descriptor states and then makemeld  sejected for a detailed study. Begnas is locatethén
decisions. _ _ _ western development regions with moderate access to
_ Using a case of rice, we examine the descriplorses  agyanced technologies and markets and poorly desélo
in Nepal use to distinguish rice varieties in toatext of infrastructures due to topography. Kachorwa, ortreoy,
climate-related stress conditions, compare the €8Mm |ocated in the central development region, hasebett
descriptors with scientific descriptors, and discube ;-cess to  advanced technologies and markets and
relevance of combining farmer and scientific dggoms  jfrastructure is better as compared to Begnas, [B1].

for future breeding programs. Rice is the mainlet@OpP  oher Biophysical, socio-economic and demographic
in Nepal and is grown in 1.56 million hectare (7 features of the project sites are given in Table 1.
total cultivable land) mainly in the foothills atide Terai

regions[30]. The data were collected using Focusur

[I. METHODOLOGY

Table 1: Socioeconomic, demographic and geogragamdition of project sites

VDC Begnas Kachorwa
Total Population** 2,891 10,958
Total Household** 596 1,614
Literacy rate** 84 42.42
Altitude(m)’ 668-1206 80-90
Longitudé 84°4'33.53"t0 84°8'47.96" E 85°8'36.02"to 85°10:BE
Latitudé 28°8' 50.79" to 28°11'57.84"N 26°52'5.56" to 26%45"N
Type of road Pitched Unmetalled (Rough)
Accessibility (km from HQ) 16 Km 27 Km
Total Area (hd) 2,450 840
Diversity of Paddy 48 99 (Many revived)
Overall Development Index() 6 55

District development index position
among 75 districts

Source:

** Indicates data taken from National Populatiod &ousing Census 2011(Village Development Comnilteeicipality)
#Indicates data taken from Google earth

" Indicates data derived from FGD and survey condLirttdumla, Begnas and Kachorwa

() Indicates data taken from CBS

2.2.Data Collection Methods and tools the detailed analysis. The climate-stress traitsrewe
We conducted four FGDs in each research site whegeouped into the following two categories: abidactors
men and women farmers were invited to participatthe (drought, cold weather, edaphic factors, water ilogg
discussions held in participatory fashion. A chistkivas lodging), and biotic factors (insect resistancesedse
used to systematically guide our discussions anggsty resistance). Then Functional Trait Matrix was used
record information. During FGDs, we listed the loaad evaluate the varieties against climate change eelat
modern rice varieties grown in the villages andassed functional traits. For each trait, farmers were easko
on the major climate change related stresses fatiag €valuate varieties and their responses were cau/énto
communities and agreed on the traits to be corsider ‘scales’ similar to ‘descriptor states’ used byestists.
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Key informant interviews were conducted to validated We compared LRs with modern varieties against the
triangulate  information  collected through FGDclimate-stress traits in rice growing environment.
Specifically, knowledgeable persons were interviewe Frequency was calculated for the varieties recgivin
get their views and corroborate that with the rssul‘present’ response for different climate-stressitdra
obtained through FGD. The key informants includethb Analysis was done by counting frequency for differe
men and women farmers of the studied villages wieo atraits farmers use and they are presented in tzgphgin
extensively involved in farming for a long periofitone  Figure 1 to 5. This was done separately for LRsMNd.
and thus have relatively better knowledge on local
diversity and their characteristics than their dell I1l. RESULTS
farmers.

We performed review of available secondary 1| ocal Varietal Diversity
information. LI-BIRD’s and NARC’s project documents  The rice diversity of the study sites is preserie@iable
reports, and publications were reviewed to gather A total 0f100 varieties were reported in Kachapout
necessary information about the sites. In addits@veral ¢ \which 84 were local landraces (LRs)and 16modern
other literatures were reviewed to support ourifigsl varieties (MVs). In Begnas,48 varieties were reedrcf
2.3.Data analysis tools and techniques which 39 were LRs and 9were MVs. The number of LRs

was about six times the number of MVs.

Table 2: Rice varieties grown in Begnas and Kachaymuped based on days to maturity

Districts Local Landraces Modern Varieties

Kachorwa Nakhisaro, Sotwa, Raango, Sikichan, Mutmur, Gajardzhudisaro, Saathi Sabitri, Sona Mansuli,

(100 cutivars) | Kalo, Bagadi, Bhelsaro, Jharlajhi, Kataush, LalksBati, Kariya Kamoudh, | Rajindra, Hardinath 1, Sayug
Ramani, Barambhushi, Ujarka Basmati, Baharni, Maady Ramjawain, 52, Katarni Bhadaiya,
Ghiukumar, Laajhi, Balmasar, Mahajogani, Bhatlagarnathiya, Silhot, Parbhat, Kachorwa 4,

Laltager, Rajala, Madhumala, Karma, Dhudhraaj, 2lagt Harinker, Mansaara, Hiramoti, Jaya, Ramdhan,
Aamadhauj, Parewapwakh seto, Parewapwakh Kalo aklaeseto, Kheraha Sawa Mansuli, Sunaulo

Kalo, Aanga, Pakhar, Rata gola 1, Lalka JesarisaBaBudhidain 1, Suganda, Barkhe 2014,
Bangaliya, Bhadsar, Anadi, Kanhar, Jagadh, SaBidhi, Guthni Saro, Chaite 4 and Chandhan.
Gokulchan, Rato Tude, Seto Basmati, Kalo Nuniyaniti Jhapa, Nimoi, (N=16)

Kankirabi, Gahuma, Rato Anadi, Kesharbachhi, Chamadalo Tulasi,
Belguthi, Pakhanyauli, Malathheate, Chiure, Kastadusumkali, Nyauri, Rato
Tude, Dhusara, Ratin, Kajha, Seto Dalle, Dhunm@mei, Devsar, Budhhidain
3, Anajana, Karangi and Seto Sathi

(N=84)
Begnas (48 Ekle, Thulo Gurdi, Lahare Gurdi, Biramphool, Marssaknadi Rato, Anadi Radha 9, Sano Mansuli,
cultivars) Seto, Jhinuwa, Bayerni, Aanga, Pakhe Mansuli, K&teli, Thulo Madhese, | Thulo Mansuli, Radha 7,
Sano Madhese, Seto Gurdi, Mansara, JethobudhoePbhame, Paakhe Makwanpure, Sabitri,
Jarneli, Dhabe Jarneli, Jhauri, Jyaudi Khole, M&&ili, Jhinuwa, Madrasi, Malaysia, CH-45, Chiniya

Naal Tumme, Nabho, Mansara 3, Mansara 4, Mana Maria Jeera Jhinuwa,| (N=9)
chobo, Neute, Dhabe Gauriya, Biramphool 3, Birangbbp Samundrafij
(N=39)

3.2.Farmers’ Descriptors used to Distinguish Ricehoots and long roots are up to 20 cm length; can
Varieties withstand short drought period but there is sonwdirnkein
Farmers were found to have been using their owfgld when there is prolonged drought. The vathat
descriptors to evaluate rice varieties. Generdiiymers have very thin stem and shorter roots ranging fidr¥i 5
have practice of grouping functional traits intorea €M and, experience leaf rolled and yield loss isecaf

categories: high, medium and low except for soraistr Prolonged drought are regarded as drought susteptib
like cold tolerance. varieties. Farmers in Begnas have used differdtarier to

3.2.1 Response to Drought categorize rice varieties as tolerant and no ghstolerant

It was found that drought is one of the importatérs (T@ble 3). According to the farmers, early varietare
that limit the rice productivity. Farmers in Kachar Usudlly drought tolerant and these varieties cam bgort
indicated a variety as a highly drought tolerantetg if it ~drought period, without significant decrease in pcro
has very thick shoot for storing more water; veoyd y|eld_.On contrary, varieties s_uscepnble to drou@up.ure
roots up to about 25 cm (later converted from locontinuous supply of irrigation water and therelasge
measurement units such as ‘bitta’ meaning the ritista réduction on yield if there is any drought period.
between tips of thumb and baby fingers when they aB.2.2.Response to Cold
stretched against each other, and ‘haat’ meaningthe Kachorwahas sub-tropical climate and it was fourat t
from elbow to the tip of middle finger) which carteact farmers did not consider cold tolerance in rice an
water from lower profile of soil; and the varietynigh can important trait as they grow rice in the monsooasse@.
withstand longer drought without compromising yieldFarmers in Begnas reported a few cases of spildetity
Moderately tolerant varieties are those which htiiek and incidence of disease in rice varieties undegrsecold
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environment. They classified rice varieties intootw poor performers. Varieties which perform satisfagtm
groups: cold resistant and cold susceptible vaseti very marginal and poor soil conditions and adaptvex
3.2.3 Response to Soil Conditions variety of soil conditions (loam, clay and sand)reve
Farmers observed that normal growth and performantegarded as best/better performer varieties. Silyila
of rice varieties varies with various abiotic fast@nd soil moderate performer varieties exhibit satisfactory
fertility is one of those. Farmers consider soitiiéy as  performance in less and fertile soil fertility cammhs and
one of the most important yield attributing factaBssed in loam and clay type of soil. The farmers have legard
on the performance of the varieties in the divéypes of to those varieties which perform better only in teod
soil including less fertile soil, farmers have goed rice soil and highly fertile conditions.
varieties accordingly into three types: higher, medand

Table 3: Descriptors related to Climatic Factors

S.N. | Traits Descriptor Farmers’ depiction of the descriptor Farmers’ depiction of the descriptor]
states (Kachorwa) (Begnas)
1 Response to | Highly * Very thick shoots; very long roots up tpNA
drought tolerant 25 cm and can withstand longer drought
conditions Moderately ¢ Thick shoots; long roots are up to 20 ¢m  Early maturing varieties
tolerant and can withstand short drought period
Poorly ¢ Thin stem and shorter roots ranging | ¢ Late maturing varieties
tolerant/suscep from 10-15 cm and, experience leaf | « Require continuous supply of
ible rolled and yield loss. irrigation water
2 Response to | Resistant NA ¢ No sterility and disease problems.
cold Not resistant NA « Sterility and disease incidence i
conditions high.
4 Response to | Highly ¢ Performs well in very marginal and e Can perform well in very infertile
soil responsive poor soil conditions. soil conditions.
conditions Moderately ¢ Perform satisfactory in loam soil » Can perform satisfactory in less
responsive followed by clay soil but not in sandy fertile and also in fertile soil
soil. conditions.
Poorly e Can perform well only in loam (Domat) « Can perform well in fertile soil.
responsive soil
5 Response to | Highly tolerant| « Can tolerate knee height submergences Can tolerate water up to 4-5 inch
water logged for longer duration. for some days
conditions Moderately ¢ Tolerate water up to ankle height for | « Tolerate water up to 2-3 inch for
tolerant long time. some days only.
Not tolerant ¢ Cannot withstand water logged e Cannot withstand water logged
condition even for short duration condition even for short duration
6 Lodging No lodging « Dwarf and have thick and strong stem| « Dwarf in stature and have hard
and strong stem.
Moderate ¢ Tall but have thick and strong stem. | ¢ Tall but stem are hard and strong
lodging which resist lodging under normal
condition.
High lodging ¢ Very tall (e.g. Bhatti, Silhat) and have | « Quit tall, and have thin and weak
thin stem (e.g. Basmati) stem; and are not suitable for
growing in fertile soil conditions.

Note: NA indicates not available

3.2.4 Response to Water Logged Conditions days. Furthermore, farmers stated that these kofds
Water logging is the state when the ground wategl le varieties perform well under normal irrigated syste

becomes too high affecting the agricultural adegitdue Begnas farmers mentioned that varieties survivingater

to poor drainage and eventually reducing crop yaid level of 4-5 inches for about 25-30 days were tyghl

increasing infection of insect and disease pesianérs’ tolerant varieties to the waterlogged conditionmil@rly,

grouped response to water logged conditions inteeth moderately tolerant varieties can tolerate watetag-3

types: highly tolerant, moderately tolerant andceptible inches for about 15-25 days. The definition of sptible

to highly susceptible to waterlogged conditionscl@wa rice varieties by the famers of Begnas matches wi¢h

farmers regarded the varieties that can tolerate keight definition of the farmers of Kachorwa.

level logged water after 30-35 days of transplanfior 3.2.5.Response to Lodging

around 25-30 days as highly tolerant varieties &iew  Farmers categorized rice varieties into three gsoup

logged conditions. Similarly, moderately toleraatieties based on the performance of the varieties they have

can tolerate ankle height water for about 15-25sdayobserved: highly, moderately and susceptible based

Farmers demarked susceptible varieties for thosehwh response to lodging. According to the farmers tharl

cannot withstand water logged conditions even feéb 4 statured varieties with hard and strong stem aee th
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characteristics of highly lodging tolerant varistie fine and aromatic varieties more affected by diseamnd
Conversely, susceptible varieties are usuallywéh thin  insects compared to non-aromatic varieties.
and weak stem. Farmers in both the study sitesrilesc 3.2.7 Response to Disease Infestation
these traits in similar fashion. In both the study sites farmers regarded diseasmas
3.2.6 Response to Insect Infestation of the major factors limiting the rice yield. Thariers
Among the three types of responses on insebave noticed the incidence of Blast, Bacterial Hilig
infestation, Kachorwa farmers categorized the ti@de Sheath blight and false smut in rice field. Realizihe
into highly tolerant varieties for those varietiegich significant impact of diseases on rice yield, farsnen
possess hard grains with long awns, thick and ktalts, both the study sites have grouped response ovaigeties
large and wide leaves, panicle enclosed in leaditbhend to disease severity into: highly, moderately anarfo
the performance of these varieties is excellentdrmal tolerant.
weather and soil conditions. According to the fashe Farmers have defined unfavorable weather condifions
classification, moderately tolerant varieties haeed and terms of rainfall pattern or interval of rainfalMore
thick stem, hard grains and large leaves; and tiseless precisely, disease infestation on highly toleraeties is
infestation in normal weather conditions. Howewbnse very low even if rainfall doesn’t occurs for aba@utonth
varieties which are infested by insects even inmabr before flowering stage. Farmers have observed enciel
situations are regarded as susceptible varietergnéis in of fungal diseases is less in highly tolerant tagein
Kachorwa defined the highly disease tolerant as th®th normal and unfavorable weather conditions.
varieties in which there is no any loss in yiel@evf there Similarly, moderately tolerant varieties are thosdich
is some disease in the unfavorable environmentsle8ly are slightly affected by diseases if there is uofable
in the moderately disease tolerant varieties, tiesmme weather condition for about 15-20 days. Incidende o
loss in yield but it is not significant. Furtheysseptible fungal diseases and seed blight is common among
varieties get diseases even in the normal weathgusceptible varieties even in normal weather anthab
conditions and there is significant loss in theldyief the soil conditions. The adaptive characters of toleran
crop. The response of the farmers of Begnhas wakasita  varieties in Begnas site were found to be simiathiat of
that of farmers in Kachorwa for insect severity.t Boey Kachorwa site. Additionally, Begnas farmers repotteat,
expressed that Bugs, shoot borers, grass hoppeab, ILRs fall under tolerant category. They also indkdathat
rollers, mealy bug, stem borer are common probleéms early varieties are more susceptible than lateetias
susceptible varieties. In general farmers have rebde because critical stages of early maturing varietggacide
with disease conducive period.

Table 4: Descriptors related to biotic factors

S.N Traits Descriptor Farmers’ depiction of the descriptor | Farmers’ depiction of the descriptor

classes/states? (Kachorwa) (Begnas)

2 Response to| Highly tolerant ¢ Hard grains with long awns; thick | « Thick stem, hard grains and
insect and hard stalks; large and wide medium or poor in eating quality.
infestation leaves

Moderately ¢ Hard and thick stem, hard grains | ¢ Thick stem, thick pericarp and
tolerant and large leaves. occasional insect pest infestation.
Not/slightly ¢ The grains have thin and very soft| « The grains have thin and very soft
resistant outer cover. outer cover.

3 Response to| Highly resistant ¢ Low incidence of diseases evenin| « Low incidence of diseases even ir
disease prolonged disease conducive prolonged disease conducive
infestation conditions (upto one month) conditions

Moderately « Slightly affected by diseases if thefes Disease incidence occurs only in

resistant is unfavorable weather for about 15- disease conducive conditions.
20 days

Not/Slightly ¢ Incidence of fungal diseases is mare There is heavy infestation of rust,

resistant even in normal weather and soil blight and wilting even in normal
conditions. weather conditions.

3.3.Varietal Characteristics using Farmers’ regarded as moderately tolerant to drought. Sitgjlam

Descriptors Begnas, nearly 25 percent of LRs and 10 perceM\td$
We grouped the rice cultivars into different groupdvere recorded moderately tolerant to drought (E)g.
based on their response to drought, cold, insestt-med According to the farmers in Begnas, it was fourat tioth
disease infestation according to the respondertsu®60 LRs and MVs have potential to adapt to cold weather
percent of LRs in Kachorwa were categorized undéfoout 80 percent of the LRs and about 90 percerthef
moderately tolerant to drought conditions and ab®it MVs were recorded as cold tolerant varieties. fmgeof
percent of the varieties highly susceptible to giiuA numbers, 31 out of 39 LRs and 8 out of 9 MVs were

few varieties were also categorized under highbught reported to be cold tolerant. Further, farmers ethahese
tolerant. However, in case or the MVs only 8 % werdarieties have maintained tolerance to cold coowiitidue
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to long and continuous exposure and adaptatiomdal | percent LRs that yield higher in the low fertilitgndition.
conditions. Among the improved varieties 50 percent give medium

The result also showed that the majority (>75%0)R$ level of performance under marginal soils while tbst of
give medium yield under marginal soil environmems the varieties do not perform well in poor fertility
Kachorwa. According to the farmers there are mbamtS conditions.

Begnas % -
I ‘:(achowva . 100% - 122; Begnas
90% - +*4 * 90% - ?
4 * 80% -
80% - 4 * 80% N
70% - ‘: : 70% 7%
)0, -
60% - : 60% 60%
50% - : 50% 1 20%
* o 40% -
40% - - 40%
30% - : 30% - 30% 1
20% - +* 20% 20% -
10% - : 10% - 10% |
0% i 0% 0% T
LR MV LR MV LR MV
A B C

Fig. 1. Proportion of rice varieties based on diduolerance (A & B) and cold tolerance (C). LedieBlack/dark
(Highly tolerant), dotted (moderately tolerant) atidmond (no or slightly tolerant)

100% ——1fachorwa Begnas
100% -
80% - 90% 1
80% -
60% 0%
° 60% -
50% -
40% 1 40% -
30%
20% 20% -
10% -
LR MV LR MV
A B
Fig. 2. Proportion of rice varieties based on tesatiptors related to the soil and crop performance
o - 100% -
100% achorwa o0% 4 Begnas
80% - 80% 1
70% -
60% - 60% -
50% -
40% - 40%
30% -
20% - 20%
10%
% . % ,
LR MV LR MV
C D

Fig. 3. Proportion of rice varieties based on tegatiptors related to the performance of the raméeties under
waterlogged conditions (Black = Highly tolerantttgol = moderately tolerant, and diamond = poorlgramt)
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80% 80%
70% -
_ 60% -
60% OPoor ° DPoor
>0% 7 OMedium OMedi
20% | . 40% - edium
30% - W High W High
20% - 20% -
10% -
o TR A 0w d
LR MV LR MV

Fig. 4. Proportion of rice varieties based on tesatiptors for lodging tolerance

Kachorwa Begnas
100% -
100% -
90% - 90% -
80% - 80% -
70% - 70% -
60% - 60%
50% - 50% -
40% - 40%
30% - 30% -
20% - 20% -
10% - 10% -
% . %
LR MV LR MV
A B
100% Kachorwa Begnas
0 -
a0 100% -
0 -
)0, -
‘-
60% - 60% -
50% -
40% - 40% |
30% -
20% - 20% -
o |
o E o I
LR MV LR MV
C D

Fig. 5. Proportion of rice varieties based on teeatiptors for insect pest (A & B) and diseasestasice (C & D).
Legend: Black (Highly tolerant), dotted (moderattdierant) and diamond (no or slightly tolerant).

About 65 percent of LRs in Kachorwa give mediuntompared to LRs. In Begnas, more than 40 percent MV
yield in water-logged conditions while 25 perceftttem and 30 percent of LRs were reported to have nogihad
are highly susceptible to water logging. The renmgiri0 behavior.
percent can withstand waterlogging without redurctio Farmers in Kachorwa grouped 90% of the LRs under
the yield. In Begnas, more than 50 percent LRsraoce  highly to moderately resistant to insect infestatishile
than 40 percent of MVs are highly tolerant to wateonly about 18% of MVs are moderately tolerant.
logging conditions. Similarly, almost 30 percent thé Similarly, in Beghas about 45% of LRs and about 3%
LRs and MVs can withstand some level of water laggi  MVs are highly resistant to insects.

Results shows that around 10% of LRs in Kachorwa Farmers’ perception on the disease tolerance showed
have no lodging problem while no single modernetaés that slightly more than 10 percent of LRs in Kash®mare
were reported with such traits. However, in tdyali highly resistance to different diseases while all8886 of
higher proportion of MVs showed tolerance to lodgas the LRs have medium level of tolerance to diseabes.
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case of the MVs about 50% are moderately resistande  The results show that major proportion of LRs inhbo
the rest are susceptible. Similarly, the resuks ahowed research sites was found to be highly to moderately
that in Begnas, approximately 90 percent of LRs &0d tolerant to drought conditions whereas, none ofNfws
percent of MVs are highly and moderately resistatace were reported as highly tolerant. This could beabee of
various diseases respectively. the reason that the modern varieties were mostkyl br
under better management and are likely to perfayorlp

in the stress environments despite research orssstre
tolerance initiated in the recent few years [490][ [51].

The findings revealed that farmers use their owthote  Also [21], [22] and [23] reported that different &Rvere
to describe the climate stress related traits amduate More tolerant to drought and resilient to wide &g
their rice varieties using those traits in bothhef research environmental stresses. [52] observed that yield
sites. Generally, farmers have a practice of gmuypi performance of LRs are satisfactory even in_watmfss
functional traits into different qualitative traitand conditions due to their stress tolerance capaSityilarly,
farmers’ methods of describing crops corroborate tH53] reported that rice landracesatush and Guthinisaro,
modern varieties. These traits are systematicalbgdbed are being cultivated by farmers in drought-pronel an
below. rainfed areas of Jhapa and Kailali, Nepal due ® it
4.1. Response to Drought inherent drought tolerant ability.

Drought is a complex trait to measure, but its ictpa 4-2. Response to Cold Conditions
are widely studied. Drought directly or indirectffects  In Nepal, spikelet sterility in rice due to chijnnjuries
crop production by changing the amount of sugdf common in high altitude areas [54]. According38],
production [32], [33] mainly in stem, which is estal for ~only few of the released varieties have been adopte
rice plants to offset water loss [34]. Drought aes farmers and other many of the released varietesiat in
morphology and leaf area development [35], [36] aneultivation. Kachorwa has sub-tropical climate witiean
plants at different development stages—early staggonthly temperature ranging from29%82[56]during rice
physiology, phenology, grain formation, and evelua growing seasons and farmers did not report anyesssu
yield have different levels of sensitivity to dréugg7], related to cold stress. But farmers in Begnas tefor

V. DISCUSSION

[38], [39]. Thus, farmers use their own methodgtoup
the varieties they grow into different categoriesriake a
distinction among the varieties. Farmers from btté
study sites categorized the response of rice vesidb
drought conditions into three groups viz. highlyetant,
moderately tolerant and no or poorly tolerant (sptble)
and this was found to be coherent with the findiofgi0]
who reported rice varieties, based on their resgorte

spikelet sterility and incidence of diseases ie narieties
under severe cold environment on the higher elensati
Some of internationally popular lines were foundb®
cold tolerant only during vegetative growth withldae of
grain production due to incomplete panicle exertmmn
spikelet sterility. The sterility problem in col@lérant
varieties corrobo rates with [57]. They have fouhdt
yield of susceptible rice varieties goes down urdeg

drought, could be classified into highly resistantcold water irrigation. It has also been reporteat thuring

moderately resistant and sensitive.

the cold stress at critical time of reproductidoge mplants

Farrmers’ knowledge does not completely differ froninay fail to produce grains due to failure in forimatof
the scientific knowledge scientific verificationthshould ~fertile pollen[58].
be done with caution to ensure farmer knowledge areThe results from Begnas clearly indicate that Hd®s
appropriately interpreted. Farmers’ understandimge and MVs have more diversity of rice for cold tolera
very critical in decision-making, especially whiteaking With proportionately higher diversity of cold todet
the selection of the varieties, mainly in the regidike Vvarieties in LRs.[59] reported variation for chilfj injuries
Nepal with poor access to government's extensidfl indigenous rice varieties and concluded indigemno

system[41], [42], [43], [44].
reported that varieties having very thick shoot aady
long roots can withstand longer drought conditiolms.
fact, various studies like [45] and [46] showedt tHaep,
long and thick root systems are the important Srédr
drought tolerance in rice varieties. IRRI has abm®n
putting efforts to develop drought tolerant vasstiwith
‘deep and thick’ roots. Farmers’ experiences shothedl
the early varieties are usually drought tolerard #rese
varieties can bear short drought period, witholding
crop yield. This result matched with the findings[47],
which revealed that early to medium maturing vaeget
have a better chance of escaping the late seasaiglur
In an experiment with upland rice varieties, reslears
concluded that early flowering germplasms
advantages over late flowering in terms of highekedet
fertility, higher harvest index, and higher yielt8].

Farmers in Kachorwavarieties were likely to be more adaptive to theipalar

environment conditions predominately to temperature
conditions in the respective areas as compared \{s. M
Furthermore, they also explicated that high algégidreas
are abundant with important genetic resources for
tolerance to chilling injuries.
4.3. Response to Soil Fertility Conditions

“Soil fertility is a component of overall soil pradtivity
which deals with nutrient status available andhsity to
provide nutrients out of its own reserves and tbtou
external applications for crop production. It conds
several soil properties (biological, chemical amgsacal),
all of which affect directly or indirectly nutriemtynamics
and availability [60] EI-Ramady 2014).”

have Despite of the scientific knowledge, farmers, inhothe

sites, classified soil into loam, clay and sandyl. so
According to these types of soils, they also cfastithe
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rice cultivars as poor performer, medium perforrand stiff stem/hills are less susceptible to lodgingnthall
high/good performer. [61]conducted similar reseaaold varieties. [74], [75], [76] and[77] reported thadaat from
concluded that farmers classify soil as clay, loand plant height culm strength is the determining fadior
sandy, and preference of farmers was loamy sahtwly lodging tolerance where varieties with weak culms a
soil. Similar findings were reported by [62]. Gesley, found to be more prone to lodging than varietieshwi
black loamy and clay soil are reported to have higstrong culms.
fertility than soils with other colors (like redeow and According to farmers of Kachorwa, only small portio
white). Likewise, according to some others [63]][®5], of LRs were non-lodging and none of the MVs present
soil physical properties closely correlate withnfiers’ soil were non-lodging. These landraces showed non-lgdgin
evaluation. [11]also document farmers’ knowledge ohehavior because they are evolved through adapttio
agroecology and soil properties and their decisions local conditions over longer continuum, whereas, in
deploying different varieties in accordance wittBegnas, proportion of non-lodging MVs were highwsart
agroecological conditions. non-lodging LRs. [78]reported that MVs are morestaht
Local farmers experience that the majority of LR$he to lodging than LRs which was in contrary with tlesults
study sites yield medium to high in all type oflspwhile for Kachorwa and in accordance with the results for
modern varieties yield poorer under medium to pamit Begnas.
conditions. [66]reported similar results concludititat 4.6. Response on Insect Infestation
modern varieties have high yielding potential inllwe IRRI developed different scales, 0 to 9, for sugrihe
irrigated and fertile lands. In contrary, localdaaces are level of damage caused by insects and simultangousl
even good yielders in areas with modest fertildgspite grouped into immune, satisfactory, acceptable and
the fact that LRs are low yielding, farmers growctsu unsatisfactory [79]. These categorizations are ipalane
landraces because of their potentialities to parforlow on the basis of severity of insect damage. In ftthe
fertility and higher tolerance to adverse condisidhan cases in our study, farmers have distinguishecbresspof
modern varieties whose production hinges on chdmicasect infestation into highly tolerant, moderateierant,
fertilizers [67]. and susceptible depending upon the plant characters
4.4. Response to Water Logging Moreover, in both of the research sites, farmeescéear
As we know especially in rainfed low land areasewat on the plant characters responsible for makinglérant to
logging and flooding are the major constraints fime insect damage. The findings of this study also méxde
production. The depth and duration on the ricalfiglries the earlier studies where scientists have classifisect
mainly due to erratic rainfall patterns and poaiiage of tolerance into broad spectrum of highly tolerant,
rice field [68]. For the convenience, farmers diéessd the moderately tolerant, and susceptible (REF). [8@kifeed
varieties into three types with regards to the oasp of insect resistance status of Nerica rice varieti¢s four
the varieties to the state of water logging; i@vel and groups: moderately resistance, moderately susdeptib
duration of water stagnation in the field, viz High moderately susceptible and highly susceptible herbisis
tolerant, moderately tolerant and susceptible. I8mni of level of termite attack.
classification was reported by [69] who groupedéing Hard grains, long awn, thick and hard stalks, esetlo
into four types mainly based upon plant traits eadetal panicle in leaf sheath (found in certain cultivarsy), and
types that are adapted to conditions; flooding rdyri large leaves were considered as distinctive chansador
germination, flash flooding (sub-mergence), stagnamsect tolerance by the farmers of the study sifdse
flooding (medium or semi deep) and deeper stagnamsults of this study corroborate the results dftf@at
flooding (deep water or floating rice). Moreovéhisttype suggests hard grains, long awns, hard stalks anitlpa
of classification based upon duration and depthvater enclosed in leaf sheath are the important traitsirfeect
logging conditions are in accordance with the farmeolerance. References [82], [83] and [84] conclutiest
perception in both the study sites. rice varietals tolerance to insect infestation isedly
The results indicate that higher proportion of MRse correlated with grain tightness. However, the rssolf
moderate to higher performer even at different lleafe [81] and[85] stated that tall varieties with longdawide
water logged conditions as compared to MVs. Simildeaves and large stem are generally susceptibiestzt.
findings was observed by some researchers[70],fint] Farmers in Begnas link aromatic varieties with bigh
[72] who reported that MVs, despite high yieldimgits, susceptibility to insects compared to the non-atama
perform poorly at water logged conditions. They edld which is consistent with a present finding by [86].
that due to faster elongation and early noddReferences [87] and[88] reported that aromaticetias
differentiation, LRs have wider adaptability to ests are generally tall and late maturing and thus npoo@e to
caused by waterlogging. insect attack.

4.5. Response to Lodging In both the study sites the number of LRs withidcst
Based upon the plant characters, farmers in baés sicharacters for insect tolerance are more comparetet
grouped different cultivars into non-lodging, maatety number of MVs with such traits. [89] assessed faxcto
lodging and highly lodging. Dwarf varieties withichk and behind production variability of modern varietieada
strong stem were grouped under non-lodging whereggported insect severity as one of the importantses.
highly lodging varieties were found to be talledanith ~ Further, they have stated that MVs are resistamoenty
thin stem. [73] Also reported that semi-tall vagstwith —Specific insect pest for which they were screematithey
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lack resistance to wide spectra of pest toleranse diverse land type and high diversity of local vaeg and
compared to LRs. [90] observed that a large nunalber the countries posing a threat to climate changés Kind

insect pest attack high yielding modern varietiesréby
causing severe loss in crop yield while [91] corepathe
level of insect damage on exotic and LRs and fanode
severe infestation in exotic varieties as compéwddRs.
4.7. Response to Disease Infestation

The scientific classification of the varieties bésa the
disease reaction varies with the type of diseassveier,
the broad classification as resistant, moderatetistant,
susceptible or tolerant is similar to that of farse

of study will
conservation work since it helps identify high qual
varieties in terms of climate change resiliencertiar it
helps compare varieties against biotic and clinfiatéors
and choose highly adaptable varieties and vatieti for
breeding, in order to improve crop yield and foedsity.

help conservationists plann situ
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Farmers’ believed that aromatic varieties are MO mers from Kachorwa. Bara and Begnas, Kaskifeirth

vulnerable to disease and this is fully supporteedrlier
studies. Blast and Bacterial Blight and Baknae \aney
serious diseases of aromatic rice varieties [92dn#atic
rice varieties are usually tall and late in maufid7]
while [93] also showed that the aromatic rice g
have longer maturity, dense canopy and are mogepim
a number of diseases.

(1]

2]
V. CONCLUSIONS

Historically farmers have been using their locall
knowledge on the management and conservation of
agricultural diversity on-farm and its utilizatidor their 4]
livelihoods. Through years of experience, farmers a
making decisions, especially in identifying desired
functional traits, making varietal choice and aduwogpt
varieties, by using their own traditional knowledge
expertise. Such long-evolved local knowledge, wheja]
combined with scientific knowledge, is useful for
agricultural research and breeding, especiallyhimosing
parents or identifying traits that need to be impd [7)
retained or removed. This study clearly revealedt th
farmers in the study sites have rich experiencesthay
use their own criteria in distinguishing crop vide (8]
against various climate stress related traits. afesfound
to be more resistant and tolerant against diffetesits [9]
than the MVs grown, which could be largely becaoke
long-term adaptation and evolution of LRs in thealo
environment. Thus some of LRs can be used as gairent
resistant breeding, while some other LRs could be
improved through selection in stress conditionsetiemg
upon farmers’ preferences. It is also prudent &s@nmve
highly resilient varieties in the national gene lband
community seed banks if they are also vulnerable T[11]
erosion.

Despite several varieties with desired stress aater
functional traits, scientific community is deprivefl such 17
information, which ultimately is leading to loss\a@fluable
genetic resources from the farming system. It easity
to incorporate farmers’ varieties into the scieatiésearch
system so as to control overwhelming genetic losistais  [14]
kind of study can serve the first step towards thesl.
Functional Trait Matrix research tool can be regikc or
adopted globally, mainly in the developing courgnwith

[10]

[13]

[15]

enthusiastic participation and support.

REFERENCES

FAO (2008). Climate Change and Food SecuAtframework
document. Retrieved frofuttp://www.fao.org/forestry/15538-
079b31d45081fe9c3dbc6f34de4807e4 @dfl2 July, 2015.
Moorhead A (2009). Climate, agriculture anddiosecurity: A
strategy for change. Retrieved from
https://ccafs.cgiar.org/sites/default/files/pdf/G& COP15 Fin
al LR 2.pdfon August, 2015.

Cornish G (1998). Modern irrigation technolegi for
smallholders in developing countries. Intermediéehnology
Publications in association with HR Wallingford UK.

Jurgen H, Murwira K and Connolly M. (2000). dming
together through participatory extension. Hararenbabwe:
AGRITEX

Van de Fliert E (2003). Recognizing a climé&ie sustainability:
extension beyond transfer of technologwstralian journal of
experimental agriculturg43:29-36

Heffernan C and Misturelli F (2000) .The deliy of veterinary
services to the rural poor: Preliminary findingsrfr Kenya.
Report  for  the DFID  funded study R7359.
www.livestockdevelopment.org

Lilja N and Bellon M .(2006). Analysis of paripatory research
projects in the International Maize and Wheat Invproent
Center. Mexico, D.F. CIMMYT

Chhetri N and Chaudhary P. (2011). Green naimh: pathways
to food security in an era of climate variabilitpdachange?
Journal of Disaster Researé5):486-497

Castillo G T .(1998). A social harvest reageam a promise of
springtime: user-responsive, participatory agrigaltresearch in
Asia. In Roling N G and Wagemakers M A E (Eds).iRating
Sustainable Agriculture: Participatory Learning afdaptive
Management in Times of Environmental Uncertaintye Press
Syndicate of the University of Cambridge, Cambritgl; New
York: Cambridge University Press. Pp 191-210.

Bellon M R. (2001). Participatory Research thMes for
Technology Evaluation: A Manual for Scientists wiogkwith
farmers. Mexico, D.F..CIMMYT.

Rana R B, Garforth C, Sthapit B and JarvigZ007). Influence
of socio-economic and cultural factors in rice el diversity
management on-farm in Nepalgriculture and Human Values
24: 461-472.

Berkes F. (2009). Indigenous ways of knowargl the study of
environmental changelournal of the Royal Society of New
Zealand39 (4): 151-156.

Salik J and Byg A. (2007). Indigenous peoplesl climate
change, Tyndall Center for Climate Change Rese&xturd.
Chaudhary P, Bawa K S. (2011). Local peraaiof climate
change validated by scientific evidence in the Hayeas. Biol
Lett 7(5):767—770. doi:10.1098/rsbl.2011.0269

Chaudhary P, Rai S, Wangdi S, Mao A, RehmarChettri S
and Bawa KS. (2011). Consistency of Local Perceptiof

Copyright © 2016 IJAIR, All right reserved

394



< IJAIR

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[B1]

[B32]

[33]

Climate Change in the Kangchenjunga Himalaya Lesquisc
Current Sciencé01 (4): 504-513.

Jones MR, Singels A and Ruane AC. (2015).uBited impacts
of climate change on water use and yield of iregasugarcane
in South AfricaAgricultural Systen139:260-270.
Reyes-Garcia V, Fernandez-Llamazares A, GlézEarces A,
Mallo M, Vila-Gomez M and Vilaseca M. (2015). da
Indicators of Climate Change: the potential contiitn of local
knowledge to climate researdNiley Interdisciplinary Reviews:
Climate ChangeHulme M (ed) pp 46-62.

Soleri D, Smith S E and Cleveland D A. (200Byaluating the
potential for farmer and plant breeder collaborat®a case study
of farmer maize selection in Oaxaca, Mexiéuphyticall6:
41-57

Rijal, D. K. (2007).0On-farm conservation anskeuof local crop
diversity:Adaptations of Taro (Colocasia esculeraafl Rice
(Oryza sativa) Diversity to Varying Ecosystems agdl PhD
Thesis, Department of International Environment
Development Studies (Noragric), Norwegian Universit Life
Sciences (UMB), Norway.

Chaudhary P, Gauchan D, Rana R B, Sthapitd®dRJarvis D .
(2004). Potential loss of rice landraces from alf@ommunity
in Nepal: a case study from Kachorwa, BaPéant Genetic
Resource Newsletted37, Rome: International Plant Genetic
Resource Institute.

Deb D. (2005). Seeds of Tradition, Seeds afufe: Folk rice
varieties of Eastern India. Research foundation Seoience,
technology and Ecology, New Delhi 135.

Patra B C and Dhua S R. (2010). Genetic nessuof Rice in
India. Sharma S D (ed.). Today and tomorrow's priitand [42]
Publishers. New Delhi.

Swamy B.P.M. and Kumar A. (2012). SustainaRlee yield in
water-Short Drought-Prone Environments: Conventioaad
Molecular Approaches, Irrigation Systems and Peastiin
Challenging Environments, Dr. Teang Shui Lee (ESBN:

[34]

[35]

[36]

[87]

[38]

and39]

[40]

[41]

978-953-51-0420-9, InTech, DOI: 10.5772/30696 Re&d on [43]
20 April, 2015

Bellon, M. R. and J. E. Taylor. (1993). 'Fbl&oil Taxonomy

and the Partial Adoption of New Seed Varieties, Eigopnomy
Development and Cultural Change. 41(4):763-786. [44]

Talwar S and Rhoades. (1998). Scientific lanal classification

and management of soilagriculture and Human Valuesb:3-

14 [45]
Manandhar, N.P. (2002). Plants and Peoplélegdal. Portland,
Timber Press.

Witcombe J R, Joshi A, Joshi K D and SthapitR. (1996).
Farmer Participatory cultivar improvement. I: vaaleselection
and breeding methods and their impact on biodigersi
Experimental Agricultur82:445-460

Sthapit B R, Joshi K D and Witcombe J R. @®9Farmer
participatory crop improvement lll. Participatoriapt breeding:
A case study for rice in Nepdtxperimental Agriculturg2; 479-
496

Joshi K D, Subedi M, Rana R B, Kadayat K Bl &thapit B .R
(1997). Enhancing on farm varietal diversity throug [48]
participatory varietal selection: A case study €lnaite rice in
Nepal.Experimental Agricultur83: 335-344

Government of Nepal. (2012/13). Ministry ofgrcultural
Development. Agri-Business Promotion and StatisBegsion
Statistics  Section. Statistical information on Nepalese [50]
Agriculture. Singha Durbar, Kathmandu Nepal.

Sherchand KK, NP Adhikari, SP Khatiwada, A@riBastav, J
Bajracharya, KD Joshi, KB Kadayat, M Chaudhary, P
Chaudhary, SS Vishwajarma and SS Yadav. (1998).
Strengthening scientific basis of in-situ conseovaton-farm:

[46]

[47]

[49]

[51]

Findings of site selection in Bara, Nepal. NP wogkpaper No [52]
2/98. Kathmandu, Nepal: NARC/LI-BIRD/IPGRI.

Hu H, Dai M, Yao J, Xiao B, LI X, Zhang Q arXiong L.
(2006). Overexpressing a NAM, ATAF and CUC (NAC)
transcription factor enhances drought resistance aalt [53]

tolerance in rice.Proceeding of the National Academy of
Sciences of the United States of Amepjzd.2987-12992.
Maisura, Achmad CM, Lubis M, Junaedi A andakh H.
(2014). some physiological character responsesicef under
drought conditions in a paddy system., Journal iphed on
ISSAAS.VOL.20, NO. 1:104-114.

[54]

International Journal of Agriculture Innovations and Researct

Volume 5, Issue 3, ISSN (Online) 2319-1473

Valentowit, P., M. Luxov4, L. Kolarod and O. GaSparikova.
(2006.) Effect of osmotic stress on compatible tssicontent,
membrane stability and water relations in two maiadivars.
Plant. Soil. Envirorb2: 186-191.

O'Toole J C and Baldia E P. (1982). Waterid&f and mineral
uptake in riceScience2:1144-1150

O'Toole J C and Soemartono. (1998). Evaluatid a simple
technique for characterizing rice root systems efation to
drought resistanc&uphytica30: 283-290.

Wopereis, M. C. S., M. J. Kropff, A. R. Maliga and T. P.
Tuong. (1996). Drought-stress responses of two anavrice
cultivars to soil water statuBield Crops Research(46): 21-39.
Inthapan, P. and S. Fukai. (1988). Growth gmeld of rice
cultivars under sprinkler irrigation in south-east®ueensland
.Queensland. Comparison with maize and grain songimder
wet and dry conditionsAustralian. J. of Exp. Agri@8: 243-
248.

Van Heerden, P.D.R. and R. Laurie. (2008).8dnderland, N.,
1960. Cell Division and Expansion in Effects of Iprged
restriction in water supply the Growth of the Leddurnal of
Experimental on photosynthesis, shoot developmashistorage
Botany, 11(1): 68-80.

Bunnag S and Pongthai P. (2013). SeletioRioé (Oryze sativa
L.) cultivars tolerant to drought stress at theetagve stage
under field conditionsAmerican journal of Plan Sciencgk
(1701-08).

Regmi B R, Suwal R, Shrestha G, Sharma G ligpa L and
Manadhar S. (2009). Community Resilience in Nepampo
cyber climateZ3: 7-10.

Manzanilla, D.O., Paris, T.R., Vergara, G.\smail, AM.,
Pandey, S., Labios, R.V., Tatlonghari, G.T., AcRaD., Chi,
T.T.N/. Duoangsila, K., Siliphouthone, I., Manikmas.O.A. &
Mackill, D.J. (2011). Submergence risks and farfmers
preferences: Implications for breeding Subl riceSoutheast
Asia. Agricultural Systems, 104: 335-347

Shrestha Shiva Kumar. (2014). 'Decentralizthg Farmer-to-
Farmer extension approach to the local level"\Wdddrnal of
Science, Technology and Sustainable Developmet 1\fo(Iss:
1),. pp.66 — 77

Departmernt of Agriculture. (2015). Retrievedrom
http://agriextension.gov.np/page/introduction-taelditml  on
28th July, 2015.

Chang T T, Vergara B S. (1975) Varietal dsigr and morpho-
agronomic characteristics of upland rice. In: Majesearch in
upland rice. International Rice Research Institutéanila,
Philippines. pp. 72-90.

Henry A (2012) IRRI's drought stress reseainhrice with
emphasis on roots: accomplishments over the lage&fs Plant
root.7: 5-19. doi:10.3117/plantroot.7.5

Ouk ,M., Basnayake, J., Tsubo, M., Fukai, Mscher, K.S.,
Kang, S., Men, S., Thun, V. and, Cooper, M. (20&e)otype-
by-environment interactions for grain yield asstemianith water
availability at flowering in rainfed lowland rice=ield Crops
Research01, 145-154.

Lafitte, R, Courtois, B. (2002). Interpretingultivar _
environment interactions for yield in upland riessigning value
to drought-adaptive trait€rop Sciencé2, 1409-1420.
Ceccarelli S S .(1994). SpeciWc adaptatiod aneeding for
marginal conditionsEuphytica7 7:205-219

Ceccarelli S and Grando S. (1996). Drougha ahallenge for
the plant breedePlant Growth RegulatioB0: 149-155.
Wambugu P W, Mathenge P W, Auma E O and VaeRken H
A. (2012). Constraints to on-farm maize (Zea mayps deed
production in western Kenya: Plant growth and yield
International Scholarly Research Notices Agron@®g2: 1-7
Hanamaratti N.G., Prashanthi S.K., SalimatM.P Hanchinal
R.R., Mohankumar HD, Parameshwarappa K.G., RaikBr S
(2008).Traditional landraces of rice in KarnataR&servoirs of
valuable traits, Current scienc4: 242-247.

Puri, RR, K Khadka and A Paudyal. (2010). 8afing climate
resilient crops through screening of drought teienace land
races in NepalAgronomy Journal of Nepél): 80-84

Sthapit B R, Joshi K D and Witcombe J R. @Y9Farmers’
participatory high altitude rice breeding in Nepakoviding
choice and utilizing farmers’ expertise. In usingvedsity:
Enhancing and Maintaining Genetic Resources On-Farm

Copyright © 2016 IJAIR, All right reserved

395



< IJAIR

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Loevinsohn M and Sperling L (eds). New Delhi: Imational
Development Research Center for South Asia.

Lumle Agricultural Research Center. (1995heTadoption,
diffusion and incremental benefit of technologies trops,
horticulture, livestock and forestry in the westéiits of Nepal.
LARC Occasional Paper No. 95/1. Kaski, Nepal. Lumle
Agricultural Research Centre. [75]
GoN. (2014). Statistical Information on Negsé Agriculture
2014/2015. Government of Nepal, Ministry of Agritul
Development. Agri-Business Promotion and Statisflogsion,
Statistics Section, Singh Durbar, Kathmandu, Nepal.

Wang J, Lin X, Sun Q and Jena K. K. (2013algstion of cold
tolerance for Japonica Rice varieties from différeountry.
Advanced Journal of Food science and technol6¢i): 54-56,
2013.
http://irri.org/our-work/research/better-rice-vaigs/climate-
change-ready-rice

Nagamine T and Nakagahra M. (1990). Geneéidation of
chilling injury at seedling stage in Rice, Oryzéiwal. Japan J
Breed 40:449-455

EL-Ramady H R. (2014). Integrated Nutrientidgement and [79]
Postharvest of crops. Lichtfouse E (e8listainable Agriculture
reviews. Springer Heidelberg New York Dordrecht London.[80]
Springer International Publishing Swizerland. 13264

Saito K, Linquist B, Keobualapha B, Shiraivia Horie T.
(2006). Farmers’ knowledge of soils in relation ¢mpping
practices: A case study of farmers in upland riesell slash-
and-burn systems of northern Laos. Geoderma 136464-
Fujisaka S. (1991). A diagnostic survey oftgiig cultivation in
northern Laos: targeting research to improve suaidity and
productivity. Agroforestry systems 13:95-109.

Hirai, H., Takayanagi, Y., Fukui, N., Katoh. (2000).
Pedological examination of traditional land e valuatby Karen
ethic group in northern Thailand. Japan JournalTafpical
Agriculture 44, 259-268 (in Japanese with Englis$tiaact).

Gray, L.C., Morant, P., 2003. Reconcilingigehous knowledge
with scientific assessment of soil fertility chasgén south
western Burkina Faso. Geoderma 111, 425-437

Sandor, J.A, Furbee, L. (1996). Indigenoumwdedge and
classification of soils in the Andes of SouthernruPeSoil
Science Society of America Journal 60, 1502—-1512

Barker R, Herdt R W and Rose B. (1985). Rtifig the Asian
Rice Situation in The Rice Economy of Asia. Pulgishoy
Resources for the future, Inc., 1616 P Street, NWidshington,
D.C. 20036. The John Hopkins University Press.

Canh N T, On TV, Trung N V, Tiep C A and LathV. (2001).
Preliminary study of genetic diversity in rice laades in Ban
Khoang Commune, Sa Pa district. On farm manageroént
agricultural biodiversity in Vietnam. Tuan H D, Hud N,
Sthapit B R and Jarvis D | (edBjoceeding of a Symposiugt
12 December 2001, Hanoi, Vietnam.

Ismail AM, Thomson M J, Vergara G V, RahmrA, Singh R
K, Gregoio, G B, Mackill, D J. (2010) ‘Designing &lkent Rice
Varieties for Coastal Deltas Using Modern Breedliogls’. In
Hoanh, CT; Szuster, BW; Suan-Pheng, K; Ismail, AMbpble,
AD (eds) (2010) Tropical Deltas and Coastal ZonEsod
Production, Communities and Environment at the bAfater
Interface CAB International. Oxfordshire, UK

Mackill D J, Ismail A M, Singh U S, Labios R/, Paris T R.
(2012).Development and rapid adoption of submergence-
tolerant (Subl) rice varieties. Advances in Agrogpfi5:303-
356

Pande H K. (1986). Prospects for Rainfed lamdl Rice

[74]

[76]

[77]

[78]

[B1]

B2]

[83]

[84]

[85]

[86]

[87]
[88]

[89]

[90]

[o1]

production in India by the year 2000. InternatioriRice [92]
Research InstituteProgress in Rainfed Lowland Ric€entral

Rice Research Institute, Cuttack, India.

Adhya T K, Singh O N, Swain P and Ghosh A(8) Rice in [93]

eastern India: causes for low productivity and lat#e options.
Journal of Rice Research: 1-5.

Reddy J N, Sarkar R K, Patnaik S S C, SingR,05ingh U S,
Ismail A M and Mackill D J. (2009). Improvement oice
germplasm for rainfed lowlands of eastern IndB2ABRAO
Journal of Breeding and Genetids.41.

Malik. (2009). Hossain M, Bennett J, Mackill and Hardy
(eds). Progress in crop improvement research. Laso8

International Journal of Agriculture Innovations and Researct

Volume 5, Issue 3, ISSN (Online) 2319-1473

(Philippines): International Rice Research Institutimited
proceedings 14.

Mobasser H R, Yadi R, Azizi M, Ghanbari A iBamdaliri M.
(2009) Effect of density on morphological charastérs
relatedlodging on yield and yield components inet#s rice in
Iran. American-Eurasian J Agric Environ Si.745-754
Chandler R F. (1969). Plant morphology arahdtgeomechy in
relation to nitrogen. In Easting J D, Hasking C.8uyllivan
C.H.M and Bavel V (Eds). Physiological aspects rafpcyield.
American society of Agronomy, crop science societfy
America, Madison, Wisconsin. Pp 165-285

Vergara B S. (1988). Raising the yield patemtof rice.
Phillipiness Technical Journdl3:3-9

Ookawa T and Ishihara K. (1993) Varietal eliince of the cell
wall components affecting the bending stress of ¢bkn in
relation to the lodging resistance in paddy ritaman Journal of
Crop Sciencé2: 378-384

Subudhi P K., Sasaki T and Khush G S. (20B&e. In Schreck
S (ed)Cereals and Millets. Springer-Verlag Berling
HeidelbergPp 1-60.

International Rice Research Institute. (19B@}criptor for Rice
Oryza Sativa L.

Agunbiade T A, F E Nwilene, A Onasanya, M $emA Togola,
M Tamo and O O Falola. (2009). Resistance Statudpténd
NERICA Rice Varieties to Termite Damage in Northcain
Nigeria. Journal of Applied Sciences, 9: 38&69through the
use of induced mutations and related technigeak. J. Ba;35
(3): 811-818.

International Rice Research Institute. (19%gect pest of Rice.
Pathak M D and Khan Z R (eds.).

Rout G B., Senapati and Ahmed T. (1976). Bwadn relative
susceptibility of some high yielding varieties ofer to the rice
weevil, Sitophilus Oryzad.. (Curculionidae: Coleopterapull
Grain Technologyl4: 34-38

Juliano B O. (1981). Rice grain properties] aesistance to
storage insects; a revielRRI research paper series6:1-9
Sherif M R, Hendawy A S and El-Habashy M MOQ5).
Management of Rice Insect pesEgypt Journal of Agriculture
Researct83: 111-29.

Schoonhoven L M, Loon J Jj and Dicke M. (2p@@sect-plant
Biology. New York: Oxford University Press, USA.

Sarwar M. (2012). Management of rice stem Iore
(Lepidoptera:Pyralidae) through host plant reststam early,
medium and late plantings of rice (Oryza sativa lgurnal of
Cereals and oil see@§l):10-14. Retrieved from DOI:
10.5897/3C0O11.042 on April 22, 2015.

Rashid M, Cheema A A, Ashraf A, Qamar Z andhvhood Z.
(2003). Development of basmati rice varieties

Akram M. (2009). Aromatic Rices of Pakistan-Review.
Pakistan Journal of Agricultural Resear@?: 154-160.
Coffman, W R W and Hargrove, T R. (1989). Mod Rice
Varieties as a Possible Factor in Production VarigbPlant
breeding and yield variability. pp 133-147.

Mishra K K, Vikram P, Yadaw R B, Swamy B P Mixit S, Sta
Cruz MT, Maturan P, Marker S, Kumar A. (2018RTY 121: a
locus with a consistent effect on grain yield undesught in
rice.BMC Genetics14, 12.

Sogawa K. (2015). Planthopper Outbreaks iffeRint Paddy
Ecosystems in Asia: Man-Made Hopper Plagues thaataned
the Green Revolution in Rice. Heong K L, Chengd Bscalada
M M (eds). Rice Planthoppers Ecology, ManagemengidS
Economics and Policy. Zhejiang University Press)dzhou and
Springer Science+Business Media Dordrecht.

Ghazanfar M U, Habib A and Sahi S T. (2008)e®8ning of Rice
Germplasm against Pyricularia Oryzae the causeicd Blast
diseasePak. J. PhytopathoP1: 41-44

Singh, R K, G S Khush, U S Singh, A K SingidaS Singh.
(2000). Breeding Aromatic Rice for High Yield, Ingwed
Aroma and Grain Quality. In: Aromatic Rices, SinghK., U.S.
Singh and G.S. Khush (Edn.). Oxford and IBH PulifigtCo.
Pwt. Ltd., New Delhi, pp: 71-106.

Copyright © 2016 IJAIR, All right reserved

396



