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Introduction

Rice is one of the leading food crops in the world and 

stands in second position after wheat. It is the staple food 

crop of more than 60% of the world population. In Nepal, it 

is the principal cereal food crop and is grown in 1555,940 ha 

of land with the average productivity of 2.91 t/ha (AICC 

2010).  It nearly contributes about 20.75% to the agricultural 

gross domestic product (MOAC 2010) and provides more 

than 50% of the caloric requirements of the Nepalese people 

(NARC 2008). In Nepal, rice is grown in wide range of 

environments from flat lands in altitude less than 60 m with 

tropical climates to highest rice growing altitude of the world 

(3050 m) with temperate climate (ABD 2008). Most of the 

rice grown in mid to high hills of Nepal are generally cold- 

tolerant. However, the average productivity is comparatively 

very low to the average productivity of the world. Apart from 

numerous yield-limiting factors of rice, chilling temperature 

is a common production constraint in rice cultivation in mid 

to high hills, with potential to affect growth and development 

from germination to grain filling (Sthapit 1994). Rice crops 

are subject to chilling injury when grown at low but non- 
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Abstract

Drawing upon consequentially growing food insecurity in mid-hills attributed to poor adoption levels inter alia inflicted by 
narrow range of locally adaptive farmer’s preferred cold tolerant rice varietal options in national agricultural system, the 
present study was undertaken. We conducted on farm diversity assessment of 60 high altitude rice genotypes from ex-situ and 
on farm employing un-replicated diversity block in 2015.  Subsequently, we identified eight promising locally adaptive 
genotypes as candidate genotypes based on the inferences of diversity block trial and evaluated them through participatory 
variety selection (PVS) using randomized block design in 2016 under on-farm conditions. Our studies revealed marked 
diversity among the Nepalese cold-tolerant rice genotypes. The UPGMA cluster analysis categorized the 60 genotypes into 
six distinct clusters. Strong positive correlation between grain yield and plant height; panicle length; straw yield and strong 
negative correlation between grain yield and 1000-grain weight was detected. PCA suggested traits viz., plant height, panicle 
length, days to 50% heading, and grain yield to be principal discriminatory characteristics of the cold-tolerant rice. Seto 
Kattike, Naulo Dhan, and Borang were most promising and adaptive genotypes whose eminence were justifiably corroborated 
and validated by farmer’s overall evaluation. The most valued farmer’s selection criteria were grain and straw yield, earliness, 
disease resistance, and stem borer tolerance. The findings bolster employment of novel and proven participatory plant 
breeding approach using diversity kits and IRD kits to expand and promote varietal choice options for immediate benefits to 
the farmers and facilitate rapid varietal release and registration.
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freezing temperatures in range of 10 to 20°C (IRRI 1979). 

Significant yield losses in rice production is also attributed 

to prevalence of leaf and neck blast, sheath brown rot, stem 

borer, Gundhi bug, poor irrigation, and nutrient management 

(LARC 1997). Chillig injury in rice is common in Nepal at 

high altitude areas of more than 1000 m above from the sea 

level (masl). About 26% of the rice in Nepal are grown in 

temperate areas of 1000-2000 masl (Sthapit 1992). Spikelet 

sterility due to chilling injury is a major problem above 

altitude of 1500 m above the sea level, restricting both the 

area of production and duration of crop maturity (Sthapit 

1991; Sthapit et al. 1995). Very few cultivars viz., Chhomrong, 

Machhapuchre-3, Chandannath-1, and Chandannath-3 and 

Palung-2 have been popular among the farmers as chilling 

tolerant cultivars. These cultivars have genetic background 

of Nepalese cold tolerance parentage (Supplementary Table 1). 

Conversely, many other released cold tolerant varieties are 

not adopted at all by the farmers principally due to lower 

yields, poor adaptability, and inadequacy to satisfy their 

needs. Yet, the adoption of the aforementioned popular chilling 

cultivars has been lagging in marginal environments and 

confined to few rice growing areas of Nepal. This anomaly 

in adoption trend may be attributed to indecency of the 

cultivars for extreme agro-ecological diversity, ethnic-specific 

preferences, functional production, and consumption re-

quirements of the farmers dwelling in diverse environments, 

particularly, the resource-poor farmers delineating the dire 

need of identification, dissemination, registration, and release 

of location and purpose specific varieties. The growing food 

insecurity in various high-altitude regions of Nepal is the 

aftermath of poor adoption levels inter alia inflicted by 

narrow rice varietal selection options available to the farmers.

The integration of famer’s participation in selection process 

and setting of selection criteria in breeding programs, i.e. 

participatory varietal selection approach has been the most 

effective and overriding approach to address the poor varietal 

adoption driven bulging food insecurity, juxtaposed with 

climate change by providing ‘basket of choice’ of locally 

adaptive farmer’s preferred varieties, particularly in resource- 

poor farming communities. It is well documented that PVS 

approach has been promising and successful in identifying 

locally adaptive varieties of farmer’s preferences, accelerating 

their wider dissemination and uptake, enhancing varietal 

diversity, scaling up seed production at community, and fos-

tering rapid varietal release. (Assefa et al. 2005; Joshi and 

Witcombe 1996; Mulatu and Belete 2001; Mulatu and 

Zelleke 2002; Sthapit et al. 1996; Witcombe et al. 1996). In 

context of perturbing adoption levels of the released varieties 

and nominal varietal choice of robust and farmer preferred 

varieties, characterization, and participatory evaluation of 

genotypes from ex-situ and on farm in the end user’s agro- 

ecology solicit earnest attention and undertaking as these 

valuable genetic resources with tremendous potentialities for 

breeding purpose and adaptation to local cultivation, have 

been poorly studied and utilized (Hodgkin et al. 2003). 

Characterization and participatory varietal evaluation of the 

germplasm from ex-situ and on-farm, as encompassed in the 

present study would bolster agro-biodiversity conservation 

through utilization of divergence in the germplasm and bridge 

the communication gap between farmers and breeders so that 

the farmer’s concerns and preferences are well- addressed in 

formal breeding programs rendering enhanced adoption, 

swollen genetic base in community richness, and increased 

choices of robust and location specific varieties to farmers.

The present study is a part of GEF/UNEP funded project 

on Local Crops (www.himalayancrops.org) which focuses 

on sourcing local diversity that matches farmer’s need 

through rapid detection, on farm-evaluation, participatory 

varietal selection, and dissemination of choice varieties to 

the local farmers. In the present study, we aimed to dissect 

the genetic divergence among 60 rice genotypes collected 

from ex-situ and on farm, identify and evaluate adaptable 

and high-yielding genotypes. In addition, the study also 

intended to identify the famer’s preferred genotypes and 

their selection criteria via participatory varietal selection 

(PVS) approach for cold-tolerant rice in the study area. The 

information thus obtained would broaden the varietal selection 

choices to local farmers by providing set of promising 

farmer preferred varieties fostering agro-biodiversity and 

food security and complement the formal breeding system.

Materials and Methods

Diversity block

The material used in this study consisted a total of 60 

genotypes (54 landraces and 6 released varieties) collected 

from different high altitude agro-ecology of Nepal (ex-situ 

and on-farm) as depicted in Supplementary Table 1. In the 

first year, we aimed to assess polymorphism among the rice 

germplasm and select high-yielding and cold-tolerant candidate 

genotypes for including them in on-farm yield trial directed 

to further evaluation and validation. An on-farm diversity 

block using un-replicated rod row design was laid out in 

Ghanpokhara village development committee (VDC)-1 (Bhache) 

of Lamjung district at N28˚17.440’ latitude and E84˚19.289’ 

longitude and altitude of 1565 masl in 2015. Diversity block 

is an experimental block of farmers’ varieties managed by 

local institution for research and development purposes 

(Tiwari et al. 2006). The block is not only used for measuring 

and analyzing agro-morphological characteristics but also 

used to validate farmers’ descriptors by inviting farmers to 

watch the diversity block in the field and determine whether 

farmers are consistent in naming and describing varieties. 

The i-button installed above experimental field estimated the 

mean precipitation during the crop season (May-November) 

to be 2112 mm and the minimum monthly air temperature 

during the crop season ranging from 14.2 to 17.4°C, which 

was quite ideal for screening of genotypes for chilling 

tolerance. Each genotype was grown in 1.2 m2 plot of two 

rows with a distance of 20 cm between each row and 15 cm 


