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ABSTRACT 
 

Envisioned important advantage of participatory varietal selection (PVS) is 
increased adoption of improved cultivars due to speedy uptake by farmers. 
Conventionally adoption of improved cultivars is considered to have negative 
impact on biodiversity with declined the on-farm biodiversity. In contrast, 
participatory plant breeding techniques, including PVS, has been reported to 
increase biodiversity with some examples although increase process is not 
fully elucidated. As a part of International Rice Research Institute, Philippines 
and Institute of Agriculture and Animal Science, Nepal collaborative project, 
PVS was practiced in four villages of Sundar Bazaar, Lamjung, Nepal. Eight 
genotypes, (IR-55435-5, Ghaiya-2, Bindeshwori, Radha-32, B6149-MR-7, NR-
1824-21-1-1, IR55539-2, Radha-4 ) five each for direct seeded and transplanted 
rainfed rice, alongwith local checks (Phakhe Jhinuwa and Gokule Mansuli) 
were grown in farmers’ field in mother and baby trial design. Situation of on-
farm diversity, farmers’ selection criteria, and socio-economic conditions 
were studied using participatory tools including household survey, farmers’ 
group discussions, farmers’ field days and on-farm experimentation. Before 
PVS, considerable diversity was found for transplanted rainfed rice (Varietal 
Diversity Index; VDI; 0.64) in contrast to very low diversity of direct seeded 
rice (VDI = 0.01). Following first cycle of PVS, there was tremendous increase 
in diversity of direct seeded upland rice (VDI = 0.65) whereas there was 
considerable increase in transplanted rainfed rice (VDI = 0.81). Difference in 
adoption of cultivars was found connected with difference in selection criteria 
which was eventually based on socio-economic context of farmers. 
Consequently, increase in varietal diversity of upland rice is related with 
diversity in selection criteria and priority linked with difference in socio-
economic conditions.   
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INTRODUCTION 

 
Participatory crop improvement emerged in the past decade as an 
alternative plant breeding approach for developing countries. This was in 
response to the recognition that conventional breeding has not brought 
significant crop improvement to small-scale farmers from agro-ecologically 
and socio-economically marginal and variable environments (14, 16).  
Consequence of conventional plant breeding has lead to increased adoption 
of few high yielding genotypes over a large area thereby reducing on-farm 
diversity. This phenomenon is well known as most important “green 
revolution” impact.  Genetic diversity of major crops like rice and wheat has 
been reported to be low in high production potential areas where the 
agriculture extension has a significant impact in past years (7, 8, 9, 27).  
Hobbs et al. (10) found very low diversity in rice in Rupandehi district where 
the two popular rice varieties occupied over a half of the area. Nevertheless 
Nepal is considered rich in diversity of rice due to a large of traditionally 
grown rice varieties (2). Socio-economic diversity has been prominent 
feature of Nepalese uplands (5). 
 
The world population is growing at a very fast rate.  By 2020 grain 
production needs to be increased by 40 percent to meet the needs of an 
increased population (20). So there is dire need to increase the total 
production of rice, at one hand and conserve the biodiversity on the other. 
Importance of conservation of on-farm diversity has been realized to 
conserve valuable genetic resources for unseen future and at the same time 
to reduce the risk of pest outbreaks causing total crop failure. Varietal 
diversity is advisable to address varied physical environments, socio-
economic conditions and the needs of farmers (11). Therefore, to reduce the 
rate of loss in genetic diversity alongwith increased crop production, 
participatory crop improvement techniques have been suggested (26). In 
limited studies, PVS has already shown positive effect in both high (26) and 
low (12, 22) production potential areas.   
 
Diversity in selection criteria has been reported in different studies of 
different parts of the world (15, 23, 24). Studies are limited on possible 
effects of PVS and diversity in farmers’ selection criteria on the on-farm 
diversity. The objective of current study was to analyze the effect of PVS 
and diversity in selection criteria on the on-farm diversity of rice grown in 
uplands of Nepal.  
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MATERIALS AND METHODS  
 
This study was conducted at Lamjung district of Nepal as a part of 
collaborative project between Institute of Agriculture and Animal Science 
(IAAS), Chitwan, Nepal and the International Rice Research Institute (IRRI) 
Los Banos Laguna, Philippines. The site is located in mid-hill with altitude 
varying from 800 to 1500m above the sea level.  Farmers of four villages of 
Sundar Bazaar Village Development Committee participated in the study 
including a total population of 415 and an area of 884 hectares under rice 
based farming system. Thirty farmers participated in PVS by keeping 
experiment in their fields whereas the other farmers participated in different 
research activities including group discussions, farmers’ field days, group 
visits as well as household survey. Ten diverse rice genotypes, including 
released varieties, pipelines and advanced lines were grown in PVS in 
mother and baby trial design (Table 1). There were two district rice growing 
ecologies – first, direct seeded upland rice in fields that are not bunded 
known as “Ghaiya” and second, rainfed transplanted rice in bunded terraces. 
The set of genotypes for both conditions were different.  
 
Table 1. Lists of genotypes involved in PVS at Lamjung, Nepal.  
 

Genotypes Parentage Origin Status  
Direct seeded rice   
IR55435-5 UPLI7/ AUS 454 IRRI Advanced line  
Ghaiya 2 KaKaiku  India  Released in Nepal   
Bindeshwori TN1/Co 29 India  Released in Nepal 
Radha32 IR36/IR52863-61-2/ IR58 Nepal  Pipe line  
Phakhe Jhinuwa  Pakhe Jhinuwa   Nepal  Local landrace/Local check  
Transplanted rainfed rice 
B6149 – MR -7 IRAT 117 / B1050C- MR-

2 
Indonesia Advanced line  

NR – 1824-21-1-1 NR – 1824-21-1-1 IRRI/Nepal  Advance line  
IR 55539-2 MPJANG / ITA 235 IRRI Advanced line  
Radha 4 BG 4-8/IR 2071-625-1 IRRI Released in Nepal 
Gokule Mansuli  Gokule Mansuli Nepal  Local genotype/Local check  

 
The mother trial consisted of 10 genotypes (five genotypes for each ecology) 
including two local popular varieties used as checks (Phakhe Jhinuwa and 
Gokule Mansuli) variety for meaningful comparisons. Mother trial was 
located in ten farmers’ fields having five replications per ecology. The plot 
size for each genotype was 21 m2 with plot dimensions of 7m x 3m. A subset 
of two varieties, one local check plus another introduced variety included in 
mother trial, was grown on 500 m2 of land in farmers field.  
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Trials were managed by the collaborating farmers themselves, however 
researchers suggested for different management practices particularly pest 
management.  The seed rate was 90kg per hectare for direct seeded rice 
and 60kg per hectare for transplanted rainfed rice whereas the fertilization 
was done @ 60-30-20 kg NPK per hectare for both ecologies. Frequent 
visits to trial sites were made by breeders’ team as well as farmers. Breeders 
measured grain yield, straw yield, grains per panicle, plant height, days to 
heading, days to maturity, effective tiller number, 100 grain weight (2). 
Grains were evaluated for milling as well as cooking quality using method 
followed by Nanda (19).  
 
Farmers used their own evaluation criteria although the breeders facilitated 
their process by making arrangements for their group visits to the research 
plots. Farmers’ responses were collected at different stages of crop growth 
from seeding to post harvest in group discussions, field visits, farmers’ field 
days and household survey. Farmers also ranked genotypes based on their 
preferences.  
 
Farmers were classified in high, medium and low income categories based 
on land holding as well as other sources of income. Farmers declared their 
economic classes themselves and were cross checked with neighbors as 
reference. Similarly, farmers were classified in different classes based on 
other socio-economic criteria. Households were grouped into livestock 
raising classes – high if have livestock more than 6, medium if number of 
livestock are between 3 and 6, and low if there are 2 or less than two. 
Similarly a family was considered be large one if having 9 or more members, 
a family of  4 to 8 members was considered as medium sized and less than 
4 was termed as small family.   Farmers having more than three hectares of 
land were considered as large whereas having 1 to 3 hectares of land were 
medium and smaller than one hectare were considered as small according 
to local situation.   
 
On the basis of area under each variety and number of genotypes grown 
documented in household survey, varietal diversity was assessed before 
PVS during 2004 and in 2006 after first year PVS in 2005.  Varietal diversity 
index (VDI) was calculated using following formula  
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Where, 
aij = Area planted under the variety in its region 
Ai = Total area planted under rice 
n = Number of farmers involved in survey  

Data were analyzed by using GENSTAT (1) and means were compared 
using least significant differences (21).  
 

RESULTS AND DISCUSSION 
 

The considerable on-farm diversity existed in rice in the research area 
considering number of genotypes grown in four small villages covering 884 
hectares of land under rice production (Fig 1).  Considering area covered by 
each genotype, the diversity was quite low.  Single variety, Mansuli occupied 
major rice growing area of rainfed transplanted type whereas landrace 
Pakhe Jhinuwa occupied most of the direct seeded rice areas (Table 2). 
Some genotypes just existed in very small area for  special  purpose 
including seed 
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Fig 1. On-farm diversity rice genotypes during year 2004 and 2006 at 
 Sundar Bazaar, Lamjung, Nepal. PVS was done in 2005.  

 
Table 2. Area covered by major upland rice genotypes during 2004, before the PVS 

was done in 2005 at Lamjung, Sundar Bazaar, Nepal. 
 

Genotype  Area covered (%) Percentages of 
farmers growing the 

Type 
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genotype 
Transplanted type    
Mansuli  46 67 Released cultivar 
Simal Chaure 14 40 Local landrace  
Biji  11 40 Local landrace 
Gokule Mansuli  10 40 Local landrace 
Bendeswari  8 13 Released cultivar 
Others  11 -- --- 
Direct seeded type     
Pakhe Jhinuwa 99 100 Local landrace  
Others  1 -- --- 

conservation, social and religious purposes. Such genotypes might vanish if 
not conserved with changing cultures and environment. Considering the 
area and number of genotypes together, as VDI, the diversity of genotypes 
was quite low in direct seeded rice types whereas moderately high for 
rainfed transplanted rice (Fig 1).  This is in contrast to the previous study 
showing considerable diversity in the direct seeded upland rice in the same 
research area (13) and a sharp decrease in diversity year-by year. Diversity 
and cultivation of direct seeded upland rice (Ghaiya) has sharply declined 
over the past years. Such depletion is in parallel to increased cost of 
production, higher labor requirement, and availability of suitable rice 
genotypes with improved level of tolerance to biotic and abiotic stresses.  In 
contrast to direct seeded rice, a large number of genotypes were found 
growing in rainfed transplanted rice area (Fig 1). Majority of the farmers grow 
more than one genotype, although few popular ones are still dominating.  
Some landraces like ‘Ekle’ and ‘Anadi’ are conserved for special guests and 
relatives.   
 

The introduced genotypes differed significantly for different traits that are 
economically important to farmers (Table 3). PVS allowed figuring out the 
positive and negative traits of each variety that were of interest to farmers. 
Interestingly, all genotypes in PVS were grown during the next year, as 
farmers realized their benefits in their own context. An increase in the area 
covered by introduced genotype whereas a decline in area of traditionally 
grown genotypes was noticed (Fig 2).  Rapid seed dissemination among 
farmers as well as villages was indicated by the study. Seed supply was 
limited due to single cycle multiplication of genotypes. Notwithstanding high 
adoption of genotypes, the VDI after PVS did not decline but instead it 
increased (Fig. 1). Obviously, number of genotypes grown by the farmers 
increased as the genotypes adopted were not a single rather more than one, 
and varied with farmers (Fig. 1). Majority of the farmers who have adopted 
new genotypes was satisfied and wanted to grow these genotypes in coming 
years. More interestingly, the traditionally grown genotypes were not all 
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replaced as a significant number of farmers did not adopt the new 
introductions as only a few farmers were found to  accept the newly 
introduced genotypes without replacing the old one completely. There could 
be further change in VDI over time as these transient farmers may change 
their mind.  
 
Among direct seeded rice the farmers willing to grow high yielding and early 
maturing genotypes adopted ‘Radha 32, notwithstanding the poor straw 
yield. Psychological effects were also observed in adoption of this genotype 
as this has showy appearance of spikes as if the whole field is full of spikes 
rather than leaves. For farmers who  did  not  have  any  problem  with  late 
maturity  
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Figure 2. Area covered by upland rice genotypes at the time of introduction 
and after trial.  Year 2006 represent, potential area coverage (%) if 
sufficient seed was available in 2006. 

 
Table 3. Mean of important traits used for evaluation of genotypes and preference 

ranking by farmers for rice grown in farmers’ field at Lamjung, Nepal. 
  

Genotypes  Grain 
yield 
(t/ha) 

Straw 
yield 

(t/ ha) 

Days to 
maturity 

100 
grain 

weight 
(g) 

Plant 
height 
(cm) 

Farmers’  
prefer- 
ence- 
 rank 

(overall) 

Variance 
for 

farmers’ 
prefer- 
ence- 
rank  

Upland direct seeded rice  
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IR55435-5 4.0A# 12.9A 137A 24.3B 111B 2 0.98 
Ghaiya 2 3.3C 8.9B 125C 25.0AB 88 D 4 0.2 
Bindeshwari 2.6D 7.5C 130B 25.6A 102B  5 1.3 
Radha -32  3.6 B 9.6B 122C 23.7C 107 B 1 0.7 
Pakhe Jhinuwa  3.3 C 14.5A 125C 24.3B 162 A 3 0.6 
Rainfed, transplanted rice  
B-6149-MR-7 4.1C 10.6 B 133B 26.9A 127 A 2 0.91 
NR-1824-21-1-1 5.0 A 11.7A 133B 21.7 D 123 A 1 0.4 
IR-55539-2 4.3 C 10.5B 134B 24.8 B 127 A 5 1.0 
Radha 4 4.6B 8.6C 128C 27.5 A 98 C 3 1.2 
Gokule Mansuli  4.9 A 10.1B 150A 22.7 C 117 B 4 0.3 

Means followed by the same letter are not significantly different (P<0.05). 
 
adopted ‘IR-55435-5’, a late genotype although has a good straw yield, grain 
yield and fertilizer responsiveness as this variety doesn’t lodge even 
fertilized in contrast to local landrace Pakhe Jhinuwa. This local landrace 
has some advantages such as earliness and high straw yield. Farmers 
admire this variety for its’ low fertility requirement, and higher yield under low 
input farming. 
 
In parallel to diversity in adoption of genotypes, there was a wide variation 
among farmers’ in their selection criteria.  Farmers use a range of traits with 
wide variation in priority (Table 4). These include traits related to yield and 
yield components, plant morphology, agronomic performance as well as the 
quality of grains similar to experience with PVS in Ghana (23).  Use of 
widespread selection criteria not frequently used in breeding programs has 
been documented in other studies in other crops as well (3,18). Our 
observations show that majority of the farmers, but not all, keep grain yield in 
topmost priority followed by straw yield. The traits of topmost priorities were 
grain yield, straw yield, maturity and plant height.  
 
Table 4. Traits considered important in selection of rice genotypes for uplands by  

majority of farmers of Sundar Bazaar, Lamjung, Nepal.  
 

Trait broad class High priority Medium priority Low priority 
Grain yield and 
attributes  

 Grain yield 
 Straw yield 

 Tillering 
ability 

 Straw 
quality 

 Grain 
weight 

 

Crop growth,  
morphology, and 
phenology 

 Maturity   Leaf 
orientatio
n 

 Leaf 
greenness 

Grain quality 
related attributes  

 Grain shape 
and size 

 Cooking 
quality 

 Grain 
color 
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 Milling 
recovery 

 Taste of 
cooked rice 

 Aroma 
 Apetite 

delay 

 Time 
required 
to cook 

Trait related with 
general agronomic 
management  

 Lodging 
 Water 

requirement 
 Plant height 
 Threshing 

ability 

 Fertilizer 
requirement 

 Disease 
and insect 
tolerance 

 Branching 
of panicle 

 Panicle 
type 

 
Diversity in interests is arising as a result of multiplicity in socio-economic 
condition of farmers. Priority traits varied with socio-economic groups 
although there were individual to individual differences within each group 
(Table 5). For farmers with large landholdings, who sell their produce in the 
market, selection criteria priority depends upon the market value of each  
trait  
Table 5.  Differences in selection priority among people belonging to different socio-

economic classification at Sundar Bazaar, Lamjung, Nepal.  
 

Socio-economic classification Selection priority 
 1 2 3 4 5 
Economic status       
High  GRQ GRY STY MAT DIR 
Medium  GRY STY GRQ MAT PHT 
Low GRY STY PHT FRQ ADL 
Number of livestock      
Large  STY GRY PHT MAT LOD 
Medium  GRY STY GRQ MAT PHT 
Low  GRY MAT STY GRQ INR  
Family size       
Large  GRY STY GRQ PHT MAT 
Medium  GRY GRQ STY MAT PHT 
Small  GRY STY GRQ PHT MAT 
Marketing of produce (grain)      
Mostly selling  GRQ GRY STY MAT MRC 
Selling rarely  GRY STY GRQ MAT PHT 
Self consuming  GRY STY PHT FRQ ADL 
Farm Size / land holding       
Relatively large  GRQ GRY STY MAT DIR 
Medium  GRY STY GRQ MAT PHT 
Small  GRY STY PHT FRQ ADL 
Land less tenants  GRY STY PHT FRQ ADL 
Education status of family head      
University level education GRQ GRY STY MAT DIR 
High school level education  GRQ GRY STY MAT DIR 
Literate  GRY STY PHT FRQ ADL 
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Illiterate  GRY STY PHT FRQ ADL 

GRY = Grain yield, STY = Straw yield, GRQ = Grain quality, MAT = Maturity, DIR = Disease resistance, PHT 
= Plant height, ADL = Appetite delay, FRQ = Fertility requirement,  LOD = Lodging, MRC = Milling recovery, 
INR = Insect resistance 
 

(29). Grain quality has good position in local market as well as self 
consumption in Lamjung signifying peoples’ concern on about quality rice 
grains. However, this is not true in case of all farmers. Farmers with relatively 
lower economic status, and having large family size, produce rice primarily 
for their home consumption and are less concerned with the quality of grains 
and are rather more concerned of total grain production and milling 
percentage. The farmers doing hard day work and with relatively lower 
economic status want coarse or large grained rice that delays appetite for 
next meal once these are eaten . This property is known as “Adilo” in local 
language, means “appetite delay”. Farmers who do not have enough money 
to purchase mineral fertilizer want a cultivar that yields even higher under 
normal to low fertility requirement’.  Also, farmers with large number of 
livestock in their farm gave higher emphasis to straw yield than other traits. 
Most noteworthy thing is the farmer-to-farmer difference in priority traits 
found in their selection criteria reflecting large variance in preference ranks 
among farmers (Table 4). 
 
Diversity in individual farmer’s interest has both similarity and dissimilarity 
based on not only on socio-economic situation but also more complex 
interest due to psychological difference. Previous studies have shown 
farmers’ rankings were not randomly allocated, but agreement within the 
farmers’ group was not always very strong (4). Requirements of resource 
poor farmers are more diverse in terms of traits of interest that just grain 
yield per se (18). This requires to develop better adaptable cultivars not only 
to varied agro-ecological but also to socio-economic niches or to potential 
socio-economically diverse farm situations.  
 
Renovation of varietal biodiversity by participatory plant breeding that has 
already been successfully used for difficult environments (12, 22) as well as 
in high production potential environments (26).  This study has further 
justified the use of participatory varietal selection techniques in marginal 
upland situations to increase the genetic diversity at the same time with 
increased production and satisfying needs of farmers. Thus the PVS 
approach in upland rice has helped enhance varietal diversity on-farm in the 
same way as it has acted for other crops and areas (12, 17, 25, 27, 28). 
Combination of diverse selection criteria of farmers and on-farm testing of 
diverse genotypes ensures farmers to pick-up genotypes that are of interest 
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to them ensuring both maintenance of on-farm biodiversity and increased 
yield levels. In long term, however, this may reduce diversity of land races 
through adoption of new introductions (13). Nevertheless the PVS technique 
is better option for on-farm diversity building than that of conventional 
breeding techniques.  
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