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Abstract
Crop genetic resources constitute an important aspect of biodiversity conservation, both because of their direct value to the farmers and due to
their indirect global value. This study uses the contingent valuation method to document the economic value of crop genetic resources based on
the farmers’ willingness to pay for conservation. A total of 107 households in Kaski, Nepal were surveyed in November 2003. Their mean will-
ingness to pay was USD 4.18 for in situ and USD 2.20 for ex situ conservation per annum. Landholding size, household size, education level,
socio-economic status, sex of respondent, number of crop landraces grown, and knowledge on biodiversity influenced the willingness to pay for
in situ conservation, whereas only landholding size and household size influenced the willingness to pay for ex situ conservation. The respon-
dents were willing to contribute more for in situ than ex situ conservation because of the additional effect of direct use and direct involvement of
the farmers in in situ conservation. This study supports the view that economic valuation of crop genetic resources can assist the policy makers in
setting conservation priorities.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The United Nations conference on Environment and Devel-
opment (Convention on Biological Diversity) held in Rio de
Janeiro highlighted the importance of conservation of biodiver-
sity for sustainable development. After the conference, threat to
biodiversity became a burning issue throughout the world.
Since then, conservation of biodiversity either ex situ or
in situ has been advocated in different fields such as agriculture,
livestock, forestry and wildlife (UNEP, 1994). In addition to
their global importance, crop genetic resources (CGR) are
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also important assets for local farmers. Crop landraces1 consti-
tute an important component of the CGR (Hawkes, 1983)
contributing to food security (Rana et al., 2000) and livelihood.
The importance of such CGR in alleviating risk is very high par-
ticularly in developing countries (Bardsley, 2003). As the crop
genetic diversity is important to individual farmers (the private
good) as well as the community at large (the public good), the
society should value CGR. Individual farmers value diversity
within and between crop species because of heterogeneity in
1 Landraces are varieties with a high capacity to tolerate biotic and abiotic

stresses resulting in a high yield stability and an intermediate yield level under

a low input agricultural system (Zeven, 1998). These are often highly variable

in appearance, but they are each identifiable and usually have local names. The

genetic variation within the landrace may be considerable but is far from ran-

dom (Harlan, 1992; Smale et al., 2001). Being heterogeneous, landraces do not

meet the criteria for distinct, uniform and stable (DUS) characteristics that are

required to be defined as modern varieties (Gauchan, 2004).
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soil and production conditions, risk, market demand, consump-
tion and uses for different products (Brush, 2000).

Understanding the farmers’ knowledge in management of
biodiversity can help in initiating in situ conservation of the
genetic resources to complement the ex situ conservation
already in existence. In situ conservation of CGR on farm
can be defined as the choice by farmers to continue managing
CGR in their communities, in the agroecosystems, where the
CGR have evolved historically through processes of human
and natural selection (Bellon et al., 1997; Smale et al.,
2002). Through in situ conservation on farm not only the
materials are conserved but also the processes of evolution
and adoption of agricultural biodiversity to the environment
(Jackson, 1995; Smale et al., 1998, 2002). Ex situ conservation
involves conservation of CGR components outside their
natural habitats, i.e. off-farm, generally in gene banks. This
method is considered not only as an imperfect substitute for
in situ conservation methods (Smale et al., 2001) but also as
complementary (Brush et al., 1992; Maxted et al., 1997) or
as ‘intergrading phases of continuum’ of conservation
methods (Bretting and Duvick, 1997).

A partnership of indigenous people and scientists working
on genetic resource management offers the best option for
achieving conservation (Alcorn, 1993; Berkes, 1999). Some
countries, which are primary or secondary centres of origin,
embrace enormous numbers of crop landraces; for example
Gupta et al. (1996) and Gauchan (1999) reported that there
are more than 2000 rice landraces in Nepal including wild rel-
atives. Farmers cultivate many of them because they value
these landraces. The traditional and indigenous knowledge
the farmers possess on the landraces and their uses has played
a role for their conservation.

Economic valuation of CGR is so far very limited. There
have been a few studies that have employed stated preference
environmental valuation methods, namely the choice experi-
ment method to value agricultural biodiversity. Scarpa et al.
(2003a,b) estimated farmer valuation of indigenous animal
breeds and Ndjeunga and Nelson (2005) estimated farmer val-
uation of crop varieties, whereas Birol et al. (2004) estimated
farmer valuation of several components of agrobiodiversity.
However, assigning monetary values to CGR such as landraces
is complicated in traditional subsistence farming systems
(Gauchan, 1999) and therefore a challenging area of study.
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Fig. 1. The nature of total economic value (adapted and modifi
This study takes up the challenge by addressing the following
specific objectives:

� To assess farmers’ willingness to pay (WTP) for crop
genetic resources conservation.
� To identify factors influencing farmers’ willingness to pay

(WTP) for crop genetic resources conservation.
� To test whether the contingent valuation method (CVM)

can reliably be used to estimate the individuals’ willingness
to pay (WTP) for crop genetic resources conservation.
2. Conceptual framework: valuing crop genetic resources

As pointed out by Dyer (2006) CGR have both private and
public values and, ideally, the criterion for conserving their di-
versity should be total value. Total economic value of CGR
can also be divided into components as shown in Fig. 1, based
on Edwards and Abivardi (1998) (see also Young, 1992;
Navrud, 2001; OECD, 2002; Bräuer, 2003). The direct use
value (DUV) of landraces includes grain yield for food, straw
yield for animal feed, and medical use of some landraces. The
ecological function value (EFV) of rice landraces is the resis-
tance towards pest and diseases and the adaptability of the
different landraces to different biotopes. The option value
(OV) includes the option of using existing genes for breeding
new varieties, the possibility of using landraces in specific
niches, and the possibility of choosing landraces in the future
even if they are not in use at present. The existence value (EV)
of landraces means the satisfaction of knowing that the old and
traditional landraces inherited from the farmers’ forefathers are
not lost, even if those landraces are not considered useful for
cultivation any more. The bequest value (BV) of the landraces
is the availability for the future generations thus incorporating
the aspect of intergenerational equity and also the altruistic
value that might arise when the individual is concerned that
the landraces and CGR should be available to others in the
current generation (Bateman et al., 2002).

Thus, the total economic value (TEV) of crop landraces can
be summarised as:

TEV¼ DUVþEFVþOVþEVþBV ð1Þ
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The purpose of valuation is to establish what the weight of
biodiversity conservation should be when the interest of the
whole society is taken into account (UNEP, 1995). A value
measured in monetary terms can be seen as the willingness
to commit resources to biodiversity conservation (Bräuer,
2003). Economic valuation helps authorities to make informed
decisions about the biodiversity conservation (UNEP, 1995).
Bräuer (2003) argues that various studies have shown that
due to lack of economic valuation of the environment, some
policy decisions are supported which contradict economic ra-
tionality. The monetary value of the biodiversity acts as an in-
dicator for the transformation of environmental problems into
policy (Bräuer, 2003). There is a need for economic valuation
of landrace diversity to generate information and knowledge
for resource allocation in appropriate decision-making, derive
information for benefit sharing out of use of genetic resources,
and identify least cost strategies to conserve landraces diver-
sity (Gauchan, 1999). In this context, environmental economic
valuation methodologies have an important role to play
(Artuso, 1996). Valuation can guide resource allocation among
biodiversity conservation and other socially valuable en-
deavors, as well as between various types of genetic resource
conservation, research and development. It can also assist in
the design of economic incentives and institutional arrange-
ments for farmers, genetic resource managers and breeders
(Drucker et al., 2001).

In spite of the arguments presented above that the economic
valuation of CGR is important, Ehrenfeld (1988) stressed that,
for some conservationists, the process of valuation is unpalat-
able and arbitrary. Some scientists such as Gowdy (1997) and
Norton (1988) criticised the economic valuation of biodiver-
sity. Gowdy (1997) indicated that the value of environmental
services may be used to justify biodiversity protection mea-
sures, but it must be stressed that the measured value consti-
tutes a small portion of the total biodiversity value. Norton
(1988) went further by claiming that the economic valuation
is a guessing game, and should not have influence on the de-
cision-making. However, Cardoso de Mendonca et al. (2003)
argued that if the value of biodiversity cannot be measured,
then there is no way to make rational decisions on what needs
to be preserved or conserved. In spite of the criticism of the
valuation and values generated by CVM, it can be argued
that ‘it is better to be roughly right than to be perfectly wrong’,
without any values to support decision-making. Even if stated
willingness to pay is inaccurate, it should be used because no
better estimate exists for public policy purposes (Diamond and
Hausman, 1994), in other words ‘some number is better than
no number’. If we cannot express the value of biodiversity
in economic terms, then there is a real danger that decision-
makers will assume it is unimportant.

Many studies have been made to value the environmental ser-
vices of biodiversity (see Nunes and Van den Bergh, 2001), but
economic valuations of agricultural genetic resources are few.
Brush and Meng (1998), however, pointed out that the use and
conservation of genetic resources by farmers, scientists and
other interested parties indicate that they assigned values to
them long before the formal valuation process began. The
Convention on Biological Diversity (CBD) gave two reasons
for specifying the value of such CGR: the conservationists
need measures of value to justify budgets and farmers’ right
activists want to obtain compensation for farmers or for less
developed countries (Brush and Meng, 1998). Although there
is a range of valuation techniques available to estimate non-
marketed goods such as the contingent valuation method, the
hedonic pricing method, the travel cost method and the produc-
tion function approaches (Hanley and Spash, 1993), the valua-
tion of the genetic resources in the farmers’ fields either
suffers from lack of data or lack of appropriate methodology
(Brush and Meng, 1998), thus lacking monetary estimates. An
extensive analysis of costs and benefits of conservation of wheat
and maize genetic resources ex situ was, however, made in
CYMMIT (Pardey et al., 1998) to determine the marginal costs
of conservation. Valuation of landraces in Nepal was done using
cost benefit analysis to compare improved varieties and local
landraces (Gauchan, 1999). Gauchan and Smale (2003) con-
ducted economic analysis of CGR, particularly use values of
rice landraces, using marginal analysis based on partial budget
and they also recommended tools for valuation of non-use
values of CGR. Such non-use values of CGR have, however,
rarely been estimated, and the present study also does not give
an explicit quantification of non-use values.

3. Materials and methods
3.1. The contingent valuation method (CVM)
Navrud and Mungatana (1994) referred to several case
studies showing that the CVM technique has been extensively
used to value environmental and natural resources in develop-
ing countries. The method involves setting up a hypothetical
market, obtaining bids, estimating mean WTP, constructing
bid curves, aggregating data and evaluating the CVM exercise
(Hanley and Spash, 1993).

Although the current trend in CVM is towards the referen-
dum formats using the dichotomous choice method (Arrow
et al., 1993; Whittington, 2002), bidding game approach is
also commonly used for bid collection (Dong et al., 2003; Han-
ley and Spash, 1993; Mitchell and Carson, 1989). This study
used the open ended bidding game approach to elicit willingness
to pay. There were two main reasons for this choice. Firstly,
dichotomous choice questions tend to overestimate the WTP,
especially for studies conducted in low-income countries (Bateman
et al., 1995; White and Lovett, 1999). Secondly, getting statisti-
cally reliable results from a dichotomous choice type of survey
requires a larger sample (Mitchell and Carson, 1989; OECD,
2002; White and Lovett, 1999), which was not possible in the
present study due to time and resource constraints.

During the survey interviews, the form and frequency of
payment was clearly explained to the respondents. The payment
vehicle in the study was the annual contribution for a hypothet-
ical conservation program either by forgone income (in situ) or
by contributions in cash (ex situ).

As the CVM is always accompanied with doubts about its
viability because of various possible biases such as hypothetical



Table 1

Population and the sample size of the study

Hamlets No. of households by

socio-economic strataa
Total households

Rich Medium Poor

Archalthar 19 (4) 13 (3) 19 (4) 51 (11)

Majhthar 14 (3) 13 (3) 18 (4) 45 (10)

Adhikarithar 6 (1) 18 (4) 4 (1) 28 (6)

Chour 15 (3) 5 (1) 13 (3) 33 (7)

Pourakhe 24 (5) 12 (2) 5 (1) 41 (8)

Sundaridanda 14 (3) 42 (8) 8 (2) 64 (13)
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bias, information bias, strategic bias, design bias and
embedding bias (Hanley and Spash, 1993; Hausman, 1993;
Mitchell and Carson, 1989; Navrud and Mungatana, 1994),
the study was designed to reduce such potential biases as far
as possible. Efforts were made to deliver clear and equal infor-
mation to all the respondents, explaining a well-defined pay-
ment vehicle and using a thoroughly pre-tested questionnaire.
To test the validity of the responses the questionnaire contained
questions about the respondents’ demographic and social back-
ground as well as their awareness of biodiversity issues.
Unnatsil 14 (3) 20 (4) 4 (1) 38 (8)

Jamunkuna 5 (1) 9 (2) 5 (1) 19 (4)
3.2. The study area

Rupashirjana 42 (8) 25 (5) 6 (1) 73 (14)

Dandathar 26 (5) 15 (3) 17 (3) 58 (11)

Poudelthar 13 (3) 18 (4) 13 (3) 44 (10)

Bisaunathar 8 (2) 5 (1) 8 (2) 21 (5)

Total 200 (41) 195 (40) 120 (26) 515 (107)

a Numbers in parenthesis are sampled (20%) households.
The study area was Kaski district in mid-hill region (800e
1500 m altitude) of Nepal, where Local Initiatives for Biodi-
versity, Research and Development (LI-BIRD), a national
NGO, works since 1997. The topography of the region is dom-
inated by ancient lake and river terraces in moderate to steep
slopes. Kaski district experiences high rainfall (>3900 mm per
annum) with warm temperate to subtropical climate. Mean
daily minimum temperature of the coldest month is 7 �C and
the mean daily maximum of the hottest month is 30.5 �C
with monthly mean of 20.9 �C (Rana et al., 2000; Sthapit
et al., 1999).

The area is reported to be a hot spot in terms of crop diver-
sity (Rijal et al., 1998). A total of 32 cultivated crops have
been reported. The major crops are rice, maize and finger mil-
let. A total of 69 rice varieties have been observed in the local
farmers’ fields (Rijal et al., 1998), and 63 of them are local
landraces (Rana et al., 1999). Rice is the major staple crop,
and it is grown in different environments including irrigated
land, partially irrigated land and rain fed land, and both in low-
lands and uplands.
3.3. Population, sample and sampling
The study was conducted in the ‘In situ Conservation Pro-
ject’ area of LI-BIRD. The population was selected from the
12 hamlets2 of the project. Proportionate random sampling
(Nichols, 2000) was done to draw the sample from these ham-
lets by stratifying the hamlets and the socio-economic status of
the people in the study area. The socio-economic categories
were identified by the project using farmers’ own criteria.
Households having more than 0.75 ha of land, being almost
food self-sufficient, having permanent monthly income sources
or remittances, and owning land or house in cities are consid-
ered ‘rich’. Households having 0.25e0.75 ha of land, more
than 6 months food self-sufficiency, and off-farm income sour-
ces are considered ‘medium category’. Households with less
than 0.25 ha of land, less than 6 months food self-sufficiency,
and who are labourers employed by other farmers are categor-
ised as ‘poor’ (Rana et al., 2000).

The total sample was about 20% of the total households
(515), which constitutes 107 households drawn proportionally
2 Hamlets are smaller villages or parts of the bigger village.
from the three socio-economic strata (rich, medium and poor)
of all 12 hamlets in the project area (Table 1). As each house-
hold represented a sampling unit, one of the household mem-
bers taking the decisions in agriculture was selected for survey.
3.4. The survey and the questionnaire
Experienced local enumerators were trained and employed
to conduct the household survey. The questionnaire was pre-
tested with eight respondents outside the sample frame and
revised before the administration.

The questionnaire consisted of three sections. The first sec-
tion elicited demographic and socio-economic information
from the household and the respondent, including variables
such as sex, age, education, household size, food sufficiency,
and household income. The second section was devoted to in-
formation regarding the resources (land, genetic diversity), as
well as the respondent’s general knowledge on biodiversity
and particularly on rice landraces. In the third section, the will-
ingness to pay (WTP) for landraces conservation was elicited.
The subject matter was explained before asking WTP ques-
tions. The respondents were briefed on the need for conserva-
tion and the use of hypothetical market value of the landraces
before being asked whether they were willing to contribute to
landraces conservation. Different methods of conservation (in
situ and ex situ) were presented and discussed. The farmers
were asked to choose up to six of their most preferred land-
races for conservation. Then, different question modes were
used to assess the willingness to pay for the two different
methods of conservation. The modes of payment were grow-
ing landraces instead of high-yielding varieties in own farm
(in situ), and direct cash payment for conserving the landraces
in a gene bank (ex situ). The question modes were:

Mode 1: Are you willing to grow local landraces for the
sake of conservation instead of growing your preferred
variety? If yes, state the area (ropani) and expected yield
of maximum six conserved varieties in your own land.
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Please provide the expected yield and market price of your
preferred landrace or variety.
Mode 2: Are you willing to pay cash, if you are asked to
pay for government or NGOs, to conserve local landraces
in a gene bank? If yes, how much will you be willing to
pay monthly?
3.5. WTP bids calculation, data analysis and model
specification
The individual willingness to pay (WTP) bids for conserva-
tion of landraces in situ was calculated using the equation:

WTP¼
X
ðAiYiPiÞ �

XN

i¼1

ðaiyipiÞ ð2Þ

where WTP¼ total willingness to pay for in situ conservation
of landraces, Ai ¼ total area for conservation¼ a1þ a2.an,
Yi¼ yield of preferred variety, Pi¼ price of the preferred vari-
ety, ai¼ area for conservation of landrace i, yi¼ expected
yield of landrace i, and pi¼ price for landrace i. N¼ total
number of landraces that the respondent showed willingness
to pay for (maximum six).

There were 14 cases in the survey where farmers made
more profit on landraces than they would have made from
high-yielding modern varieties, due to higher prices on those
specific landraces. For example the landrace Anadi is not
used in regular meals but is cultivated in small quantities
and fetches higher price because of its cultural and medicinal
values. In these cases the chosen methodology did not show
the farmers’ willingness to pay for conservation and these
cases were therefore removed from the analysis. Zero bids,
however, were not removed from the analysis because fol-
low-up questions revealed that they were all real zero bids
rather than protest bids.

In the case of cash contribution for ex situ conservation, the
individual WTP bids were calculated using the equation:

WTP¼
"XN

i¼1

ðXiÞ=N

#
12 ð3Þ

where WTP¼ average willingness to pay per landrace per
year, Xi¼ amount paid per month to conserve landrace i
(i¼ 1eN ), N¼ total number of landraces that the respondent
showed willingness to pay for (maximum six).

The WTP bids were then transferred to Minitab statistical
software for analysis (MINITAB, 2000). Mean willingness
to pay (WTP), standard deviation, confidence interval and
the relationship between WTP and categorical variables
were analysed using descriptive statistics, two-sample t-tests
and ANOVA. The WTP bids were also regressed with various
explanatory variables. The bid function was arrived at using
multiple linear regression analysis, starting from all the poten-
tial explanatory variables, removing the least significant one,
re-estimating the model and so on until all remaining variables
were significant at 95% level (Horton et al., 2003). The valu-
ation function was:

WTP¼ b0þ b1X1þ b2X2þ b3X3 þ.þ bnXn þ ei ð4Þ

where WTP¼ farmers’ willingness to contribute to landraces
conservation, b0¼ constant, b1ebn¼ coefficients, X1e
Xn¼ variables influencing WTP, and ei¼ random error
Nw(0, 1).

4. Results and discussion
4.1. Individual and household characteristics of the
respondents
The mean age of the 107 respondents was 45 years and they
were nearly evenly distributed between males and females.
Almost 46% of the respondents were either illiterate or had
no formal education and less than 5% were college attendants.
The average household size was 6.5 which is higher than the
national average at 5.44 (CBS, 2003) but exactly the same
as reported by Rana et al. (2000) in his baseline study for
the In Situ Crop Conservation Project. Mean household in-
come was USD 1156 in the study area which is slightly lower
than the national average (CBS, 2003). The average landhold-
ing of the respondents was 0.89 ha which is close to the
national average at 0.96 ha (CBS, 2003; Rana et al., 2000).
Average number of land parcels was 7.75 in the study area,
which is very high compared to the national average at 4.0
(CBS, 2003; Rana et al., 2000). Food self-sufficiency was
9.95 months on average, and the mean number of landraces
grown in the study area was 3.2, indicating a higher diversity
of landraces than in other parts of the country (Paudel et al.,
1999; Rana et al., 1999). Sixty-seven percent of the farmers
were familiar with the concept of agricultural biodiversity
(Table 2).
4.2. Willingness to pay for landraces conservation in situ

4.2.1. Mean WTP per annum
Willingness to contribute for landraces conservation in situ

was observed for 93.5% of the total surveyed households. The
remaining farmers were either landless or not willing to make
contributions for conservation. The mean contribution of area
to be allocated for such landraces for the purpose of conserva-
tion was 0.028� 0.031 ha per farmer.

The mean WTP for conservation of landraces in situ by the
farmers in the form of income foregone was equivalent to USD
4.18� 6.55 per farmer per landrace per annum. This is the
farmers’ willingness to forgo benefits from the expected farm
income by growing the landraces in their farm. The corre-
sponding aggregate contribution per annum by the community
of the study area would be USD 2153. The mean willingness to
contribute for in situ conservation of landraces in the form of
income foregone was in a similar range as the USD 3.14 per
annum estimated by Gauchan (1999) as the cost per farmer
to conserve one local landrace, Nakhisaro, in Bara, Nepal.



Table 2

Characteristics of respondents (n¼ 107)

Age (years; mean, SD) 45 (11.78)

Gender (n, %)

Female 53 (49.5)

Male 54 (50.5)

Education of the respondents (n, %)

Illiterates 16 (15)

Literates without formal education 33 (31)

Primary (completed grade 5) 16 (15)

Secondary (completed grade 10) 28 (26)

Higher secondary (completed grade 12) 10 (9)

University education (above grade 12) 4 (4)

Socio-economic status (n, %)

Rich 41 (38.3)

Medium 40 (37.4)

Poor 26 (24.3)

Household size (mean, SD) 6.5 (2.9)

Household income USD (mean, SD) 1156 (1647)

Landholdings (ha) (mean, SD) 0.96 (0.66)

Parcel of land (mean, SD) 7.75 (5.1)

Food self-sufficiency months (mean, SD) 9.95 (4.46)

Number of varieties grown (mean, SD) 3.2 (1.9)

Knowledge on agricultural biodiversity (n, %)

Yes 72 (67.3)

No 35 (32.7)

SD¼ standard deviation.
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4.2.2. Factors affecting willingness to contribute
Variables that could potentially affect the farmers’ willing-

ness to contribute land for conservation of landraces were re-
gressed with WTP bids by using a multiple linear regression.
Most of the tested variables were not significantly related to
the willingness to pay (Table 3), but higher WTP bids were
significantly associated with increased education level and in-
creased food sufficiency, while the farmers already growing
a large number of landraces in their farm were significantly
less willing to contribute.
Table 3

The full model and the best fitting model of explanatory variables in determin-

ing the WTP for in situ conservation

Explanatory variables All variables included

in the model

Best fitting model

Coefficient p Value Coefficient p Value

Constant 0.321 0.921 �0.63 0.695

Household size 0.403 0.107 e

Age of respondent �0.079 0.219 e
Education level 0.867 0.093 1.01* 0.038

Household income (USD) �0.00012 0.784 e

Food sufficiency 0.620* 0.007 0.63** 0.000

Landholdings 0.569 0.712 e
Land parcel �0.046 0.782 e

Number of landraces

grown

�1.04* 0.013 �1.03** 0.005

R2 0.28 0.25

n 93 93

*p< 0.05; **p< 0.01.
Educated people are likely to have more knowledge on bio-
diversity conservation, which may explain their higher WTP
for conservation. People having a high food sufficiency level
can afford to devote more land to landraces even when their
production is low. On the other hand, those farmers who al-
ready grow a large number of landraces are not interested in
growing even more for conservation. Thus, none of the three
significant parameters are surprising.

Apart from the above-mentioned explanatory variables,
some categorical variables were tested for the effect on the
willingness to contribute for conservation using ANOVA. Sex
of the respondents, socio-economic status and knowledge on
CGR diversity influenced the willingness to contribute for con-
servation significantly, while caste did not. Males expressed
a significantly higher willingness to contribute than females
( p< 0.05). Similarly, richer people were willing to pay more
than the poor ones ( p< 0.01) and people having knowledge
on crop genetic diversity were willing to contribute more
than those without such knowledge ( p< 0.05).

These results agree with other studies, confirming that
farmers who maintain on farm agricultural biodiversity tend
to be those with more resources and larger landholdings
(Rana et al., 1999; Subedi et al., 2003), and also that more
educated and male headed households are more likely to main-
tain the diversity than others (Gauchan, 2004; Gauchan et al.,
2005).
4.3. Willingness to pay for landraces conservation ex situ

4.3.1. Mean WTP per annum
All the surveyed households were willing to contribute to

landraces conservation ex situ or in gene bank. The willingness
to contribute was not equal for all the landraces. Some farmers
were willing to pay high amounts for high-yielding varieties,
others for fine grained or for ecologically adaptable landraces.
Some farmers were intuitively interested to pay more for land-
races that were in threat of extinction. The average WTP for ex
situ conservation of landraces in a governmental or non-
governmental gene bank was USD 2.20� 1.00 per landrace
per annum. The minimum and maximum contributions were
USD 0.33 and 6.67, respectively. The aggregated WTP for con-
servation of the landraces in gene bank for the whole commu-
nity was USD 1133 per annum for one landrace.

The marginal cost of conservation of one accession in
a gene bank is USD 0.36 for wheat and USD 5.83 for maize
(Pardey et al., 1998), while corresponding data for rice are
not available. The farmers’ average willingness to contribute
at USD 2.20 derived from the contingent valuation method
could be an indication that the importance of landraces to
the farmers justifies conservation ex situ.

4.3.2. Factors influencing WTP
Variables that could potentially affect the farmers’ willing-

ness to pay for conservation of landraces were regressed with
WTP bids using a multiple linear regression. Higher WTP bids
were associated with smaller household sizes and larger land-
holdings. The other variables were not significant (Table 4).



Table 4

The full model and the best fitting model of explanatory variables in determin-

ing WTP in ex situ conservation

Explanatory variables All variables included

in the model

Best fitting model

Coefficient p Value Coefficient p Value

Constant 2.47** 0.000 2.254** 0.000

Household sizes �0.069 0.081 �0.093** 0.008

Age of respondents �0.005 0.574 e e

Education level �0.109 0.175 e e

Household incomes (USD) 0.00009 0.188 e e
Food sufficiency 0.043 0.219 e e

Landholdings 0.566* 0.019 0.616** 0.000

Land parcels 0.019 0.435 e e

Number of landraces grown �0.116 0.059 e e
R2 0.22 0.16

n 107 107

*p< 0.05; **p< 0.01.
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The larger households need more cash for household require-
ments and this may decrease their capacity to expend in con-
servation. Smaller households also currently use few landraces
and as a reserve they might be willing to pay more than the
larger households who currently grow many of the available
landraces. Households with larger landholdings might be those
who are more market oriented and hence they would rather
produce fewer varieties at a larger scale. Such farmers would
be more likely to have WTP for their conservation ex situ in
case their variety fails and they would need to access material
from the gene banks.

The effect of gender, caste, socio-economic status, and
knowledge on crop genetic diversity on WTP was also ana-
lysed using one-way ANOVA. None of those categorical vari-
ables affected mean willingness to pay for conservation
significantly ( p> 0.05), which shows that these factors did
not affect people’s willingness to pay for ex situ conservation
of CGR to any measurable extent.
4.4. Assessing reliability
Although the reliability of contingent valuation is disputed,
even amongst ecological economists, and is viewed with great
scepticism by policy makers (Edwards and Abivardi, 1998), it
is possible to assess the reliability. The testeretest studies
(Mitchell and Carson, 1989; Dong et al., 2003), the partewhole
and wholeepart sub sample studies (Horton et al., 2003) and
use of larger sample size (Mitchell and Carson, 1989) are
some means to assess and increase the reliability of the CV
study, although they are expensive to carry out properly
(Mitchell and Carson, 1989). The willingness to pay responses
obtained in the absence of such measures are, however, not
simply random responses. Obtaining respectable R2 by regress-
ing the WTP bids with explanatory variables shows reliability,
because the higher the R2, the lower the random portion of the
WTP response variance (Mitchell and Carson, 1989). This
study estimates R2 at 0.25 and 0.16 for the in situ and ex situ
conservation model with three and two explanatory variables,
respectively. Mitchell and Carson (1989) indicated that a CV
study showing R2 more than 0.15 using a few key variables is
acceptable.

5. Conclusions and policy implications

Rice producing farmers in Kaski district of Nepal were on
average willing to pay USD 4.18 for in situ conservation and
USD 2.20 for ex situ conservation of rice landraces per land-
race per annum. The respondents were willing to contribute
more for in situ than ex situ conservation because of the addi-
tional effect of direct use and direct involvement of the
farmers in in situ conservation.

In the case of in situ conservation, farmers with more edu-
cation, higher food sufficiency, lower number of landraces
already grown, male respondents, more wealthy farmers and
those with knowledge on biodiversity showed a significantly
higher willingness to pay than others. In the case of ex situ
conservation, farmers with smaller household sizes and larger
landholdings showed significantly higher willingness to pay
than others. These farmers who value landraces most would
be the least cost and most effective targets for any in situ on
farm conservation policy. It is also important that those
farmers who value ex situ accessions of the landraces most
should be given easy access to such genetic materials from
the gene bank.

The fact that farmers show willingness to pay for conserva-
tion of landraces does not imply a suggestion that conservation
should be funded through contributions from the potential ben-
eficiaries. It is not feasible or socially equitable to expect the
poor farmers to pay for conservation which has global public
good attributes.

The values obtained in this study are quantified indications
of the value placed by the farming community on the CGR,
specifically rice landraces. As such, they are useful for cost
benefit analysis and for debate and decision-making on conser-
vation strategies. The study may contribute to drawing the at-
tention of the policy makers in formulation of appropriate
policy mechanisms, raising public and political awareness of
the importance of the issue, and helping to set conservation
priorities.
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