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Abstract

Plant breeding efficiency is increased by better taking into account the needs of the clients. This can sometimes be helped by involving farmers

in selection in the segregating generations. We describe a rice-breeding programme in Nepal where the use of simple breeding methods optimised

the benefits from such collaboration. Farmers grew in their fields large populations that were bulks derived from the F2 generations of single

crosses. They selected within them starting in a generation where selfing was sufficiently advanced for the between-plant heritability to be high.

Poorer bulks were soon rejected by farmers. A high proportion selected within the bulks and a significant proportion did so over several

generations. An increasing number of farmers grew the best of the selected bulks because they spread from farmer to farmer without the need of

intervention from scientists. Varieties selected from these bulks were preferred by farmers in on-farm trials and had a superior combination of yield

and maturity compared with the later breeders’ selection from the same bulk. Levels of participation were higher with the better performing bulks

and even when training was not provided, provided the germplasm performed acceptably well sufficient farmers selected in the bulks to make

collaborative breeding cost effective. Collaborative breeding can be successful but demands different types of resources than those for on-station

breeding so its cost effectiveness will vary with circumstances. It can be used to increase the probability of selecting segregants that perform well

across environments by using methods that pool bulks selected by different farmers and it is also extremely useful for decentralising breeding

programmes.

# 2006 Elsevier B.V. All rights reserved.

Keywords: Client-oriented breeding (COB); Participatory plant breeding (PPB); Participatory varietal selection (PVS); Rice; Collaborative

1. Introduction

Involving farmers more actively in plant breeding has been

much advocated and described as participatory plant breeding

(PPB). The reasons for involving farmers can vary from

empowerment (Sperling et al., 1993) to increasing the

efficiency of classical breeding (Witcombe et al., 1996,

2005). Such increases in efficiency are achieved because

farmer participation better orients the breeding programme to

the needs of the clients. Hence, the purpose of involving

farmers is to improve client orientation, and highly client-

oriented breeding (COB) describes this purpose, while PPB

describes an activity (Witcombe et al., 2005).

Much research has been done into evaluating varieties with

farmers (e.g., Maurya et al., 1988; Sperling et al., 1993; Joshi

and Witcombe, 1996; Atlin et al., 2001; Witcombe et al.,

2005) and this process is now commonly termed participatory

varietal, or variety, selection (PVS). Less attention has been to

methods of working with farmers in the segregating

generations, and there is little evidence in the literature on

how this should best be done or, indeed, if it is required at all

(Witcombe et al., 2006). In this paper, we describe the results

of two methods of working with farmers in the segregating

generations where farmers selected in bulk populations of rice

that they grew in their own fields. We describe this as

collaborative breeding, following the typology of participa-

tion of Biggs (1989), because farmers were active collabora-

tors in the research who made decisions on what to reject or

select.

We also examine how replicating selection across farmers

could help overcome a classic problem of plant breeding—the

unwanted effects of g � e that can greatly reduce the efficiency

of any breeding programme. We discuss the practicality of

these methods from experience in Nepal and how they can aide

the decentralisation of breeding programmes.

www.elsevier.com/locate/fcr

Field Crops Research 101 (2007) 88–95

* Corresponding author. Tel.: +44 1248 382116/382922;
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E-mail address: j.r.witcombe@bangor.ac.uk (J.R. Witcombe).
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2. Materials and methods

2.1. Crosses and parents

The collaborative breeding programme described was

targeted for irrigated bunded shallow-water and irrigated

semi-deep rice ecosystems in the Chaite season (spring sown

rice, February–July). This is a favourable rice environment that

is not constrained by water and solar radiation is high during the

dry season. An additional generation a year was grown in the

non-target main season (rainy season, June–November) in

shallow-to-medium rainfed lowlands.

The programme was based on the cross Kalinga III/IR64.

Kalinga III (CR237 or Culture 1), derived from the cross AC-

540/Ratna, is early maturing (80–85 days), tall in height (100–

115 cm) and has long slender grains. It is cold-tolerant and was

released in 1983 for direct seeding in the uplands of Orissa,

India. It is grown in the upland areas of both eastern and western

India. Its weak stems make it prone to lodging under more

fertile conditions. Its early maturation allows it to escape

terminal drought but its drought tolerance is low. IR64, derived

from the cross IR5657-33-2-1/IR2061-465-1-5-5 at the Inter-

national Rice Research Institute (IRRI) was first released in

1985 in the Philippines. It was once the most widely planted

rice variety in the world grown on around 8 million ha mainly in

Indonesia, Philippines, Vietnam, China and India. It matures in

about 130 days, has multiple disease resistance, including

resistance to bacterial leaf blight, excellent grain quality,

lodging resistance and excellent rooting ability.

2.2. Generation advance

The cross Kalinga III/IR64 was made by Dr. Brigitte

Courtois at IRRI in 1996, at the request of John Witcombe of

CAZS-NR, and a large quantity of F2 seed was produced by

IRRI and supplied by CAZS-NR to Birsa Agricultural

University (BAU). An F2 population of about 10,300 plants

were grown in the rainy season of 1997. The breeding

programme in Nepal commenced in the Chaite season of 1998

by the introduction of 290 F3 lines to a farmer’s field in Chitwan

district. There was much variation among the lines and they

were grouped into six bulks based on their height (tall or dwarf)

and maturity classes (early <110 days seed to seed; medium

110–125 days; late >125 days). The entire harvest of the F3

lines was used to make the bulks and the bulks were made by

individual plant selection within and among lines.

The resultant F4 bulks were grown in the main season of 1998

and named as: ED = early dwarf; ET = early tall; MD = medium

dwarf; MT = medium tall; LD = late dwarf and LT = late tall. Of

these, ED was rejected for its poor agronomic performance. In

the main season of 1998, the more variable MT bulk was further

divided into four by selection among F4 plants to produce F5 bulk

seed for: MT1 = earlier shorter; MT2 = earlier taller; MT3 = la-

ter shorter; MT4 = later taller.

In the Chaite season of 1999, three bulks (ET, MD and LT)

were advanced from F5 to F6 without further division. However,

in five of the bulks (MT1 to MT4 and LD) further division was

made at harvest, by selecting among the F6 plants, into three

grain types, i.e., long, intermediate or short in length. In the

main season of 1999, the bulks were multiplied and advanced

from the F6 to the F7. Some were rejected on the basis of

maturity and grain type.

2.3. Collaborative breeding with farmer training

In the F7 generation, in the Chaite season 2000, four selected

bulks (ET; MT1 long grain; MT2 long grain; MT3 short grain)

were distributed to 24 farmers (6 farmers per bulk) in Chitwan

district for collaborative breeding. The farmers that volunteered

for the programme had initial training in a group that took

several hours. At about the booting or early panicle stage LI-

BIRD scientists visited each plot of each farmer and discussed

selection strategies with him or her. Thereafter, the fate of the

bulks was monitored by interviews repeated over seasons. It

was determined which farmers continued to grow the bulk,

whether she or he gave the bulk to other farmers, and how

farmers selected in the bulks. Farmers who received seed of the

bulks from other farmers were also interviewed.

There was an initial group meeting to identify farmers and to

explain the general principles of the programme. It started with

discussions of the target population of environments (TPEs),

i.e., the fields of the participating farmers in the Chaite season

that varied with toposequence and fertility. The target set of

traits (TSTs) were also discussed. At the early grain-filling

stage, training was organized on which traits breed true and

which do not, i.e., which among the identified TSTs were

amenable to selection. This training took 4–5 h per group in

each village, including a field visit. The reasons for

heterogeneity in the bulk and how such a diverse population

could be made uniform were explained. Practical examples of

how selection could be done were demonstrated in the field

visit.

Table 1

Summary of collaborative PPB programme on main season rice along a transact up to Sherachaur Kaski, main season 2000

Location District Altitude (m) Distance from Chitwan (km) Participating farmers (number)

Yampa Tanahun 400 56 16

Ghasnikunwa Tanahun 450 71 21

Seratar Tanahun 500 96 27

Gagandauda Kaski 650 111 15

Arghaun Kaski 800 118 15

Hemja Kaski 950 138 17

Sherachaur Kaski 1250 148 19

S. Gyawali et al. / Field Crops Research 101 (2007) 88–95 89
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2.4. Collaborative breeding without farmer training

In the main season of 1999, eight bulks at the F6

generation were distributed to a total of 130 farmers. This

was not the initial target season of the breeding programme

(the Chaite season) and the rice ecosystem (the rainfed

lowland) would vary in depth of water along the transect

provided by the Prithivi Highway from Chitwan (250 m

altitude) to Marangche village (1450 m) in Kaski district

(Table 1 and Fig. 1). In a survey in 2000, 105 of the farmers

could be interviewed who grew, in 1999, plots of the bulks

(with the numbers of farmers in the parentheses): ET (2);

MT1 (43); MT2 (38); MT3 (1); MT4 (11); LT (3); MD (6);

LD (1). All of these 105 farmers were interviewed on their

perceptions of the bulks and, if they rejected it, the reasons

why. Of these 105 farmers, 98 of them grew the bulk in 2000

and, of these, 63 of them harvested the plots. From field

surveys it was determined how many of these farmers grew

the bulks in 2001 and in 2002. No training was given to

farmers in the case of this transect.

2.5. Mother and baby trials

Varieties from the COB programme were tested in

participatory trials using a mother and baby trials system

(following the nomenclature of Snapp (1999)). All the mother

trials were grown in the Chaite season as a single replicate at

each site (a farmer’s field) (Table 2). The mother trials included

all of the test entries and checks and each trial was a single

replicate of randomised entries each having a plot size of 9 m2;

replication was provided by repeating the trial in dispersed

fields with different farmers. Each baby trial consisted of one

variety tested against the local check and the plot area of the test

entry varied from 300 to 500 m2 per farmer. The plot sizes were

such that even farmers with small landholdings used only a very

small proportion of their rice area for the trials. Farmers were

given the amount of grain they would have produced from the

area taken by the mother trial plots because most of the harvest

was used by researchers for post-harvest evaluations and for

sowing future trials. Farmers voluntarily participated in the

baby trials without any incentive other than the opportunity to

evaluate the new rice lines and interact with rice scientists. All

the mother and baby trials were managed by the farmers using

their customary practices and levels of inputs. More details of

the methods are given in Witcombe (2002).

We compared the farmers’ selection from the ET bulk, i.e.,

Judi 141F with the breeders’ selection from the same bulk, i.e.,

Judi 102. CH 45 and BG 1442 were the check varieties. There

were 46 replicates of the baby trials of Judi 141F in which

farmers tested it in their own fields under their own

management compared with a check variety (Table 3).

Analysis of variance of the mother trial data was conducted

using the linear model procedure of MSTAT-C software,

Michigan State University. The means were separated using

Fishers’ Protected LSD at 0.05 probability (Steele and Torrie,

1980). The qualitative data for the baby trials were analysed by

the x2 test against the null hypothesis that Judi 141F and the

check variety were equally preferred.

3. Results

3.1. Collaborative PPB with training

Before the F7 bulks were given to farmers, farmer

preferences among the bulks for the three-grain types that

were selected were determined. These were clear; in the case of

later-maturing bulks, such as MT3, that matched more or less

the maturity of the most popular Chaite variety, CH45, only

short grains were acceptable as they could be used to produce

roasted, flattened rice. This was the only economic product in

this maturity group where the harvest is of low quality because

it coincides with the rains. In the earlier groups, all three-grain

types were acceptable but longer grains were preferred for their

higher market price.

By the F7 generation, the bulks that were given to farmers

were recognisable by them as distinctive populations because

most of the plants shared common traits—the maturity range was

limited to about 10 days and the grain type was nearly uniform.

Fig. 1. Distribution of F6 bulks in the transact in three districts from Chitwan,

through Tanahun, to Kaski, 1999, Nepal.

Table 2

Location of mother trials in rainfed bunded, upland domain of spring (Chaite)

rice in Nepal in 2002–2004

Farmer name Village District

2002

Kul Prasad Amgain Krishna Mandir East Chitwan

Netra Neupane, Sadananda

Dhakal, Pandu Khadaka

Devnagar West Chitwan

Kamala Bista, Khir Kumari Mahato Chormara Nawalparasi

Siva Ram Mahato Abhiyun Nawalparasi

2003 and 2004

Devi Datta Poudel Krishna Mandir East Chitwan

Netra Prasad Neupane Devnagar West Chitwan

Man Bdr Khand, Sadananda Dhakal,

Hom Nath Gautam

Ujjwalnagar West Chitwan

Chandra Kanta Dhugana Ganganagar West Chitwan

S. Gyawali et al. / Field Crops Research 101 (2007) 88–9590



Aut
ho

r's
   

pe
rs

on
al

   
co

pyNevertheless, the bulks still had sufficient genetic heterogeneity

within them for farmers to identify grain yield, grain quality, tall

plant height and earliness as important traits for selection.

All farmers were initially willing in the first season in Chaite

2000 to partake in the programme but many fewer farmers grew

the bulks in subsequent Chaite seasons; of the original 24

farmers, 50% grew the bulk in Chaite 2001 and only 12% in

Chaite 2002 (Fig. 2). As would be expected, fewer farmers grew

the bulks in the non-target main season than in the target Chaite

season. Continued participation depended on the performance

of the bulk they grew. An increasing number of farmers grew

one bulk, ET. One farmer, Mr. Dev Raj Sapkota (DRS), took

great interest in selecting in the ET bulk despite having limited

upland to which ET was adapted (Gyawali et al., 2002). Hence,

he cooperated with Mr. Tirtha Poudel (TP), a neighbour with

much more upland (Fig. 3). DRS selected early, intermediate-

height, high-yielding, disease-resistant plants with longer, more

slender grains than those of CH45. It was named Judi 141F, and

entered it into mother and baby trials.

In the mother and baby trials, Judi 141F matured 1 week to

12 days earlier than most other entries and for grain yield was in

the same group as Judi 102 (the later-maturing breeders’

selection from the same bulk), CH 45 and BG 1442 (Table 4). In

the overall ranking of varieties in the mother trials, Judi 141F

was ranked in the most-preferred group in all years.

In the many baby trials in Chitwan and other districts of

Nepal, Judi 141F was significantly preferred by farmers

(P < 0.001 when tested by x2) over the check for all of the

eleven traits (Fig. 4). These significant improvements included

both grain yield and early maturity but, of these two, early

maturity was much more important in swaying farmers’

decisions on whether they would grow it again next year.

Farmers reported that they had saved seed of this variety and

distributed it to other farmers.

3.2. Collaborative PPB without training

When the bulks were distributed in the main season without

training to 130 recipient farmers in 1999 it was found that 105

of them actually grew the bulk. In the 2000 season, a high

proportion of the farmers continued with their bulk (93% of the

105 farmers) but only four bulks out of the eight were grown

(the four bulks that were dropped, i.e., LD, ET, MT and LT, had

only been distributed in total to seven farmers). Of the 105

farmers, 63 (60%) harvested the bulk. These proportions

compare favourably with the Chaite season experiment in

Chitwan. The fate of the bulks harvested by the 63 farmers in

2000 showed no real differences across the bulks or the

locations; by 2002, a bulk survived (based on farmers’

intentions stated in 2001) in five of the seven locations

(Fig. 5 and Table 5).

The main reason for dropping a bulk was because it matured

too early in the season (Table 6) and this resulted in severe

damage by diseases and pests. There was natural infestation of

rice bug and birds when the early lines from the project were

grown in very small areas in the rice fields of late maturing

varieties. All farmers that grew the late dwarf bulk rejected it

because of its low straw yield.

4. Discussion

4.1. Adapting the breeding method to circumstances

Using breeding methods that can be easily adapted to farmer

resources can maximise the benefits of working with farmers.

Almekinders and Elings (2001) report that breeders are

generally of the opinion that mass selection offers the best

possibility to increase selection intensity and selection gain. We

concur, while noting there are differences in mass selection

between crops that predominantly outbreed or inbreed. In

cross-pollinated crops, mass selection should always be less

effective than progeny selection. In an inbreeding crop, where

selection is in a heterogeneous but homozygous bulk, both mass

selection and progeny selection could identify exactly the same

best genotype.

Table 3

Summary of baby trials on Judi 141F conducted in various locations in Nepal, 2003 and 2004

Number of farmers Locations of PVS trials District Check variety Year

18 Kumroj Chitwan CH 45 (5), BG 1442 (13) 2003

3 Sarada Nagar Chitwan CH 45 (1), BG 1442 (2) 2003

1 Krishna Mandir Chitwan CH 45 (1) 2003

22 East and west Chitwan Chitwan CH 45 (11), BG 1442 (11) 2004

2 – Syangja Gola (1), Gudura (1), Jarneli (1) 2004

Value in parenthesis represents frequency of check varieties in baby trials.

Fig. 2. The number of farmers continuing to grow the four bulks in the

collaborative PPB programme. The numbers of different bulks grown in the

Chaite season are represented in the boxes.
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Even though mass selection in bulks was primarily chosen

for its simplicity of use in collaborative research it is better

supported by theory than line or pedigree breeding. Allard

(1999) in the second edition of his classical text on plant

breeding no longer includes pedigree breeding as a method; he

states that all selection in inbreeding crops will depend on some

form of bulk breeding where selection is delayed until a later

generation when between-plant heritability is higher. In

pedigree breeding high selection pressures are exerted in the

early generations (F2 or F3), to prevent having a prohibitively

large number of lines, but the F2 is the generation when the

between-plant heritability is the lowest and in the F3 it is the

next lowest.

Line or pedigree breeding is a popular technique but this

may not be based on objective criteria. Allard (1960), even in

the first edition of his book, implies that pedigree breeding

was breeder motivated (‘apparently the breeder has greater

control’). Cleveland (2001) considered how differently

groups of breeders regard genotype x environment interac-

tions and concluded these differences were a social rather

than an objective construction. Social scientists could also

investigate why many breeders are reluctant to consider that

simpler bulk methods can be more effective than pedigree

methods.

As a result of training and long experience of line breeding

we also succumbed to making the simple method we chose far

more complex. We mass selected in the bulks for grain type,

maturity and height before farmers were given the bulks and it

also meant that the generation (F6 or F7) was more advanced

than the F4 or F5 that we now supply to farmers.

4.2. Fewer entries

In collaborative plant breeding Almekinders and Elings

(2001), Atlin et al. (2001) and Witcombe and Virk (2001) all

argue that the breeding scheme should remain within the

capacity of the farmer and farmer–breeder cooperation and this

will usually involve farmers growing few entries. However, as

Almekinders and Elings (2001) point out, there are very

different practices from using a large number of materials to

only a few. These different practices are dictated by

circumstances and resources: more entries can be evaluated

when farmers evaluate material on-station as in the consultative

breeding described by Thiele et al. (1997) or a mechanical

Fig. 3. An example of collaborative plant breeding where a farmer has grown a bulk for several years to produce variety Judi 141F (first designated as such in the F11

generation). Vertical arrows show continuing adoption, sloping arrows farmer-to-farmer spread. Farmer 1 is Dev Raj Sapkota and farmer 2 Tirtha Poudel.

Table 4

Means of various traits measured for four rice lines in mother trials, spring season, Chitwan and Nawalparasi, 2004

Varieties Days to maturity Grain yield (t ha�1) Ranking

2002 2003 2004 2002 2003 2004 2002 2003 2004

BG 1442 127 A 125 A 117 A 3.2 AB 3.5 4.7 A 3.9 1.3 B 2.1 B

CH 45 123 B 120 B 113 B 3.5 A 3.8 3.9 B 2.1 2.5 A 4.3 A

Judi 141 F 117 C 111 C 106 C 2.9 AB 3.3 3.9 B 4.5 2.1 A 4.3 A

Judi 102 120 B – – 3.0 AB – – 4.0 – –

F-test ** *** *** ** NS *** NS *** ***

Values given in column followed by the same letter do not differ significantly at the 0.05 probability level. **, ***Significantly different at 0.01 and 0.001 probability

level, respectively. NS = Non significant. Ranking: lowest score = the worst, highest score = the best.
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planter is used to sow many entries on farmers’ fields

(Ceccarelli et al., 2001). In the latter case, for barley breeding

programmes in Syria, Morocco and Tunisia fewer farmers

were involved because each farmer grew many entries; they

occupied a large land area and had to be sown by machine with

the help of scientists. This decentralised the breeding

programmes to a relatively few, strategically located farmers

and in Syria, in particular, allowed a diverse range of rainfall

environments to be sampled. This illustrates how the concepts

of decentralisation and participation are interwoven and

difficult to disentangle.

When each farmer grows only a few entries, benefits from

farmer–breeder collaboration can be increased by having many

farmers, who provide the replicates. These entries can be grown

as large populations at little or no cost; the cost (or benefit) to

the farmer of replacing his or her variety is any decrease (or

increase) in the value of the crop, not the total cost of growing

the crop. In on-station breeding the full cost of increasing

population size is borne by the breeding programme.

To reduce the number of entries we used a few-cross

approach that suited well the approach of collaborative plant

breeding and is theoretically sound (Witcombe and Virk, 2001).

In our breeding programmes for rice in Nepal, three crosses are

sufficiently advanced to test advanced lines and all have

produced farmer-accepted material.

4.3. Optimising levels of farmer collaboration

Assessing the effectiveness of training by a comparing the

collaborative programme in Chitwan with the transect was

confounded by differences in the suitability of the bulks. In the

collaborative breeding in Chitwan, there was a significant

difference between the acceptance of the bulks and all, except

one, were eventually rejected. In the transect there were also big

Fig. 5. Farmers’ participation in selection through a transact of the middle hills of Nepal. The names of the bulks and the numbers of farmers that grew them in 2000

and 2001 and intended to grow them in 2002 at each location are indicated. Distance along the transect not to scale.

Table 5

Comparison of the survival of the bulks in the two experiments relating to the Chaite season in Chitwan and the main season in the transect, 1999–2002

Chaite season Main season

Year Number (%) of farmers growing a bulk Year Number (%) of farmers growing a bulk

2000 24 (100) 1999 105 (80)

2001 12 (50) 2000 98 (75)

2002 3 (12) 2001 10 (13)

2002 7 (5)

Fig. 4. Response of 24 farmers on the performance of Judi 141F relative to the

check variety collected through household-level questionnaire, 2004.
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require careful matching of the bulks with most widely grown

existing varieties in terms of crop duration, plant height, and

grain quality. The bulks for the transect were generally too

early, because at the time of this experiment no material had

been produced using a locally adapted parent. Nonetheless, the

proportion of farmers that continued to grow and select in the

bulks was no different to that in the Chaite season in Chitwan.

Clearly, a transect approach without training is highly cost

effective and this will increase with the suitability of the bulks.

Multiple selections in contrasting environments were achieved

with minimal investment (the distribution of the bulks took only

two days of staff time).

Training of the collaborating farmers in Chitwan was not

done on an experimental basis (a ‘with’ and ‘without’

comparison) but feedback from farmers to project staff

indicated it was appreciated and contributed to the quality, if

not the quantity, of the collaboration. It was quite demanding in

staff time and to be effective has to be organized at the right

time. The costs of training can be reduced by selecting farmers

with prior experience; many of the farmers in Chitwan were

already familiar with participatory varietal selection (PVS) and

already had rapport with the project staff. This could avoid the

instances where the member of the household who was trained

was not the same person who was later involved in the selection

process.

4.4. Effectiveness of farmers’ selections

Farmers proved to be willing collaborators and were able to

successfully select in the bulk populations. The selection by

farmers for earliness, yield and post-harvest traits produced at

least one variety of earlier duration that farmers liked. In mother

and baby trials Judi 141F was 4-5 days earlier than the breeders’

selection, Judi 102, and 10 days earlier than other check

varieties (Table 4). However, it is clear that the contribution of

individual, highly interested farmers was vital. The efficiency

of the method can be increased by the carefully selecting

collaborating farmers with knowledge and interest and who

have farms that represent the TPE.

A model of working with a few, enthusiastic, well-trained

farmers limits the amount of replication in selection, but the

number of farmers doing the selection is expected to increase

when farmers distribute to others. This replicated selection can

be optimised by pooling the bulks from the various farmers by

using a method we describe as replicated-pooled-bulk selection

(RPB selection) (Fig. 6). In this method, the bulks are reduced

to a single pooled bulk, and the selection repeated over seasons

when the proportion of well-adapted genotypes is expected to

increase from the multi-year, multi-environment selection.

Even with only two or three sites, RPB selection may still be

much more efficient than selection at a single site. Pooling

bulks from farmers is not a new idea (Witcombe et al., 1996).

Atlin et al. (2001) also suggested similar models such as the

pooling of results in line evaluation across farms.

4.5. Is this the method of choice?

Virk et al. (2003) have shown that mass selection in a bulk by

a farmer produced a variety at least as good, if not better, than

one produced by line breeding. Hence, the results presented

here for Nepal are supported by evidence from India. Although

this leaves little doubt that selection by farmers during the

segregating generations is effective we found that usually (but

not invariably) it took longer to produce a variety suitable for

testing in the mother trials. Material selected by breeders from a

bulk can be directly entered in a mother trial the following

season because the genetic heterogeneity can be predicted with

some confidence. For selections from farmers, there is often a

delay of a season for initial evaluation as only some prove

sufficiently uniform for testing in mother trials. Given this

disadvantage, and the overhead involved in training farmers and

coordinating their activities the method we use most is to derive

lines from an advanced bulk at least at the F4 generation (Joshi

Table 6

Response of 105 collaborating farmers (% responding) on reasons for rejection of bulks, main season, 2000

Reasons for rejection of bulk MT1 (%) MT2 (%) MT3 (%) MT4 (%) ET (%) LT (%) MD (%) LD (%) Total (%)

Too short duration (extra early) 36 68 100 18 100 33 50 50

Disease and insect pest 23 51 27 100 32

Lodging 11 6 10 50 8

Poor straw yield 7 67 100 8

Shattering 11 10 10 7

Poor taste 5 3 3

Fig. 6. A schematic presentation of a collaborative breeding programme using

replicated-pooled-bulk selection. Scientist-led activities in shaded boxes, joint

activities in lighter shaded boxes. Farmer collaboration in unshaded boxes.
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et al., 2006). This allows joint selection by farmers and breeders

in an F5 or F6 nursery. Over the entire breeding programme this

method has produced most of the successful lines and is the one

that we have found the simplest to manage (Witcombe et al.,

2006). Nonetheless, collaborative bulk breeding has a vital role

to play in decentralisation to select for local adaptation in

geographically wide areas. The terai of Nepal is over 800 km

long and there are marked differences in climate from the east

to the west which is reflected in the adoption of different

varieties in different regions of the terai. It is relatively simple,

when there is an F3 or F3 bulk that is liked by farmers in

Chitwan (in the central region), to distribute seeds of the bulk

for farmers to select in the far east and far west. Given the

almost invariable willingness of farmers to collaborate in

research of interest to their farming system, this will provide

cost-effective decentralisation.
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