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1. INTRODUCTION

Mounting population pressure, decreasing
areas of cultivable land, and stagnating yield
growth in developing countries challenge agri-
cultural research and development (R & D) to
shift the crop yield frontier outward, including
in marginal areas that were often neglected in
the past (Lipton, 2005; Pingali & Rosegrant,
1998). Increasing the scope for private sector
investments in plant breeding, especially for
food crops, is seen as one approach to address
this challenge. Two stimuli for private sector re-
search are intellectual property rights (IPRs)—
such as patents or plant variety protection—
and hybrid seed technologies. Both of these
stimuli facilitate the appropriation of R & D
investments, the first through legal restrictions
and the second through technical use restric-
tions for seeds (Pray & Umali-Deininger,
1998; Tripp & Byerlee, 2000; Tripp, Louwaars,
& Eaton, 2006). There are, however, controver-
sial debates about the social implications of an
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increased privatization of plant breeding re-
search in general, and of seed use restrictions
in particular. Although WTO member coun-
tries are required to provide minimum IPR
standards under the Trade-Related Intellectual
Property Rights (TRIPs) agreement, IPRs in
the agricultural sector are still relatively weak
in the developing world. Therefore, the actual
impact of legal seed use restrictions can hardly
be observed empirically.

This situation is different for technical use
restrictions: hybrid seed technologies, which ex-
ploit heterosis and generally achieve higher
yields than open pollinated varieties (OPVs),
have been globally marketed for years. In fact,
the area cultivated with hybrid crops in devel-
2
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oping countries has risen substantially over the
past decades (Food & Agriculture Organiza-
tion, 2004; Pingali, 2001). Today, main hybrid
crops include maize, sorghum, millet, and rice.
Other species are technically more difficult or
more expensive to hybridize.

Notwithstanding their yield advantage, the
suitability of hybrid seeds for smallholder farm-
ers is questioned on five main grounds (e.g.,
Kloppenburg, 2004; Shiva & Crompton, 1998).
First, hybrid research and seed production is
increasingly dominated by private companies,
which direct their research mainly at commercial
growers in well-developed regions with irriga-
tion facilities or reliable rainfalls. Second, high
seed prices charged by the private sector are
claimed to deter smallholder farmers from buy-
ing hybrid seeds. Third, and related to high seed
prices, the benefits of hybrids might be captured
mostly by seed companies. Fourth, as the hybrid
vigor gets lost when seeds are reproduced, farm-
ers have to buy new seeds regularly to avoid yield
losses. This may prove especially difficult for
marginal farmers who often grow food crops
with little cash income. Finally, it is argued that
hybrid crops require more complementary in-
puts, especially chemical fertilizers, pesticides,
and irrigation, which are often more affordable
to large commercial farmers. Consequently, it
is often asserted that a research focus on hybrid
seed technologies may not necessarily be pro-
poor: if disadvantaged farmers were unable to
access new seed technologies or to use them pro-
ductively, growth that is induced by technologi-
cal change would be inequitable.

However, there are a number of studies point-
ing out that smallholders successfully adopt
hybrid seeds (Heisey, Morris, Byerlee, & López-
Pereira, 1998; Morris, 1998; Smale, 1995; Zel-
ler, Diagne, & Mataya, 1998). Although larger
farmers tend to be early adopters of new seed
technologies, small-scale farmers often signifi-
cantly benefit from spillover effects. Heisey
et al. (1998) illustrated this for hybrid maize
in Africa. Although maize hybrids were initially
directed at commercial growers, their success
also spurred demand by smallholders, and pri-
vate companies adjusted their marketing strate-
gies accordingly. Today, small and large-scale
farmers alike cultivate hybrid maize in Africa.
Heisey and Smale (1995) demonstrated that
well-adapted hybrids can outperform OPVs
even under adverse weather conditions and
in situations where no additional inputs are ap-
plied. Pray, Ribeiro, Mueller, and Parthasaraty
Rao (1991), in a study on sorghum and millet in
India, found that farmers benefit to a greater
extent from hybrid crops than private seed
companies do. Therefore, a generalization that
hybrid seeds are per se unsuitable for small-
scale farmers seems to be untenable.

This paper contributes to the discussion by
analyzing the adoption of hybrid wheat in In-
dia. Research on hybrid wheat began as early
as 1954 (Edwards, 2001). It was first commer-
cialized in the United States and a couple of
other countries in the 1970s, but it was never
grown on a large scale, because seed production
costs were too high in relation to yield advanta-
ges (Zehr, 2001). Accordingly, most companies
dropped their research programs on hybrid
wheat. Due to advancements in breeding tech-
niques, however, hybrid wheat was put back
on the research agenda in the past decade. To-
day, it is cultivated in Australia, China, South
Africa, and a number of European countries,
notably France. In India, the Maharashtra Hy-
brid Seed Company (Mahyco) launched hybrid
wheat in 2001 and reported adoption of 60,000
acres in 2005. Strikingly, the company’s mar-
keting focus is not on the irrigated wheat states
of northern India, but on states like Maharash-
tra, in the semi-arid tropics, where wheat is pri-
marily grown for home consumption.

The objective of this paper is twofold. First,
we examine what factors determine hybrid
wheat adoption in India. Second, we analyze
whether adopting farmers, particularly small-
holders, benefit from the cultivation of hybrid
wheat in a semi-subsistent environment. The
analysis is based on a survey of 284 wheat farm-
ers in Maharashtra, carried out in 2004. As
farmers identified high seed prices as a major
constraint for hybrid adoption, we also analyze
farmers’ potential price responsiveness using
contingent valuation methods. We are unaware
of previous studies on the adoption of hybrid
wheat in developing countries.

Knowledge of the determinants and impact
of hybrid adoption as well as farmers’ price
responsiveness could be of great value for pol-
icy makers in the design of effective strategies
aimed at facilitating access to new seed technol-
ogies. Furthermore, this knowledge could add
to the question as to how far the public sector
should be involved in the development of hy-
brid food crops and the establishment of re-
lated seed distribution channels. More
broadly, the results of the study could contrib-
ute to the debate about the implications of pro-
prietary seed technologies and strengthened
IPRs in developing countries.
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The paper proceeds as follows. Section 2
gives an overview of wheat cultivation in India
and the study region Maharashtra. Section 3
analyzes the adoption, while Section 4 looks
at the impact of hybrid wheat. In Section 5,
the contingent valuation model is developed
and used for estimating farmers’ willingness
to pay (WTP) for hybrid seeds. Section 6 con-
cludes with a discussion of policy implications.
2. WHEAT CULTIVATION IN INDIA AND
THE STUDY AREA

Next to rice, wheat is the most important
food crop in India, in terms of consumption,
production, and cultivated area. The main
wheat producing states are Punjab, Haryana,
Uttar Pradesh, and Rajasthan, which are lo-
cated in the northwestern zone of India. These
states account for 78% of the national wheat
output (Fertiliser Association of India, 2004).
Other states with relatively large wheat areas
are Gujarat and Madhya Pradesh in the central
zone, Bihar in the eastern zone, and Maharash-
tra in the peninsular zone.

With the onset of the Green Revolution in
1964, when India introduced semi-dwarf wheat
varieties, wheat production rose steeply. From
1964 to 2002, wheat yields more than tripled
from 295 to 1,120 kg/acre (Fertiliser Associa-
tion of India, 2004). These enhancements were
associated with an increase in irrigation facili-
ties and chemical fertilizer usage (Rao, Singh,
& Chatterjee, 2001). Production gains, how-
ever, were unequally distributed. States in the
northwestern zone realized the largest produc-
tion increases, because they had assured irriga-
tion facilities (Goldman & Smith, 1995). Wheat
growing states in other zones benefited primar-
ily from spillovers of new varieties from the irri-
gated environments, and later from adaptations
Table 1. Hybrid wheat diffusio

2001 2002

H

India 18,600 22,000
Maharashtra 7,300 9,800

India 0.03 0.04
Maharashtra 0.39 0.52

Source: Mahyco unpublished data
Note: Hybrid acreages are based on seed sales data. The a
wheat area.
of irrigated varieties to rainfed conditions (Pin-
gali & Rajaram, 1997).

Despite the success of the Green Revolution,
growth rates in wheat yields fell over the past
decades. While yields grew by 3.4% per year,
on average, from 1982 to 1992, growth rates
had slowed to 0.6% per year from 1992 to
2002 (Fertiliser Association of India, 2004). In
combination with a rising population, this de-
cline led to lower per capita availability of
wheat. Reversing this trend is a priority of agri-
cultural research in India today (Rao et al.,
2001). There are two ways to achieve this rever-
sal: the first is to breed new cultivars that out-
perform existing ones, and the second is to
exploit the potential of areas that fell behind
during the Green Revolution. The development
of hybrid wheat for semi-arid states of India,
where farmers often do not have access to canal
irrigation, is an attempt to combine both of the
above strategies. Mahyco, currently the sole
producer of hybrid wheat in India, launched
its product in 2001. Research efforts focused
on the central, peninsular, and eastern regions
of India. Company breeders achieved heterosis
in wheat by using cytoplasmic male sterility.
The resulting wheat hybrid is adapted relatively
well to moisture-stress (Zehr, 2001), and was
grown in six states by 2005. Adoption rates
are shown in Table 1.

We chose Maharashtra as the study region for
two reasons. First, Maharashtra currently has
the largest hybrid wheat area in the country,
and second, small-scale farmers with limited ac-
cess to irrigation dominate wheat production in
that state. More than 50% of the operational
holdings in Maharashtra are below 5 acres
(Government of Maharashtra, 2005). 1 We con-
ducted a farm survey in 2004, collecting produc-
tion data for the 2003–04 cultivation period.
During this period, agricultural production
was affected by adverse weather conditions:
n in India and Maharashtra

2003 2004 2005

ybrid wheat area (acres)

55,000 40,000 60,000
26,433 28,483 33,000

Adoption rate (%)

0.09 0.06 0.10
1.41 1.54 1.78

doption rate is defined as hybrid wheat area over total
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rains arrived late and were erratic, so that some
districts reported drought-like conditions. We
selected 284 wheat farmers using stratified ran-
dom sampling methods. Maharashtra is divided
into four geopolitical regions and 35 districts.
These regions, in the order of their cultivable
area, are Western Maharashtra, Marathwada,
Vidarbha, and Khandesh. 2 In each of the three
largest regions, we selected one important wheat
growing district (Government of Maharashtra,
2003). The three districts surveyed are Nashik,
Yavatmal, and Aurangabad. In each district,
we randomly chose seven villages where 12–15
interviews were conducted with randomly se-
lected farmers. Since the number of hybrid
wheat adopters was small at this early stage of
the technology diffusion process, adopters were
over-sampled from complete seed sales lists.

In total, the data set comprises 87 adopters
and 197 nonadopters. For 59 adopters, who
grew both hybrid wheat and OPVs in 2003–
04, input–output data were collected for both
alternatives. Thus, the sample contains obser-
vations for 87 hybrid and 256 OPV plots. Fur-
thermore, information was collected on
household characteristics and social networks.
Data on village variables were obtained by
interviewing the village council heads. Table 2
presents selected characteristics of the sample
farmers. Although the comparison of mean val-
ues between adopters and nonadopters already
shows some interesting features, determinants
of adoption are analyzed more explicitly in
the following section.
3. ADOPTION OF HYBRID WHEAT

This section focuses on the factors that deter-
mine the adoption decision for hybrid wheat in
Maharashtra. To analyze the determinants of
adoption, information and adoption probit
Table 2. Selected characte

Farm size (acres)
Share of wheat kept for own consumption (%)
Household food and nonfood expenditure (rupeesa/capit
Education (years of formal schooling)
Experience in growing wheat (years)
Number of other hybrid wheat farmers known

Note: *, **, *** Mean differences are significantly different fr
a 47 rupees �1 US$.
models are estimated. The underlying assump-
tion in the adoption model is that farmers base
decisions on utility, rather than profit maximi-
zation. This assumption is reasonable, because
wheat is grown on a semi-subsistence basis,
with an average of more than 80% of the pro-
duce kept for consumption by the farmer’s
household (Table 2). In addition, farmers are
assumed to be risk averse, as the majority of
them are smallholders who operate in a pov-
erty-stricken environment.

Acquiring information about a new technol-
ogy is acknowledged as a very important stage
in the adoption process (Feder & Slade, 1984;
Rogers, 2003). Therefore, Model (1) in Table
3 establishes what factors determine whether a
farmer has information on hybrid wheat. The
information dummy variable equals one if the
farmer has received any information on hybrid
wheat from either formal or informal sources,
and zero otherwise. Model (2) in Table 3 ana-
lyzes what variables influence the farmers’
adoption decision.

In their seminal review paper, Feder, Just, and
Zilberman (1985) pointed out that individual
variables like education, farm size, and experi-
ence are significant determinants of technology
adoption in developing countries. Feder and
O’Mara (1981), in their study on the adoption
of high yielding varieties during the Green Rev-
olution, emphasized the importance of proper
access to information and credit as facilitating
elements in the adoption process. We therefore
define information and credit constraint dummy
variables. The information constraint variable is
founded on self-reported access to information
on modern agricultural technologies. The credit
constraint variable is based on the farmers’ self-
reported access to a loan from the bank or credit
from the input dealer.

Later adoption studies additionally empha-
sized the role of networks for the adoption
ristics of sample farmers

Adopters (n = 87) Nonadopters (n = 197)

Mean (standard deviation)

5.16 (5.06) 3.16*** (3.63)
80.65 (29.11) 84.65 (27.89)

a/year) 12,864.29 (9,444.71) 9,072.69*** (5,177.43)
7.54 (4.30) 7.70 (4.82)
14.63 (9.76) 15.99 (12.12)
8.14 (13.59) 2.75*** (8.17)

om zero at the 10%, 5%, and 1% level, respectively.



Table 3. Modeling information and adoption of hybrid wheat

Explanatory variable Description (1) Informationa (2) Adoptiona

Farm size Land owned in acres �3.29E�04 (�0.15) 4.69E�03 (1.59)
Irrigation Share of farmland irrigated (%) 1.02E�03* (1.58) �1.49E�05 (�0.02)
Soil quality Dummy (1: high quality, 0:

low quality)
0.05 (1.15) 0.05 (0.88)

Subsistence Share of wheat output kept for
own consumption (%)

1.35E�03* (1.83) 1.09E�03 (1.09)

Education In years �3.15E�03 (�0.76) 3.01E�03 (0.49)
Experience Experience of growing wheat (years) �2.81E�03 (�1.56) �1.04E�03 (�0.40)
Expenditure Annual per capita food and nonfood

expenditure
1.30E�05*** (2.76) 1.16E�05** (2.36)

Credit constraint Dummy (1: constraint, 0: otherwise) �3.25E�03 (�0.08) �0.06 (�1.02)
Information constraint Dummy (1: constraint, 0: otherwise) �0.32*** (�5.11) �0.23*** (�3.07)
Hybrid wheat farmers No. of hybrid wheat farmers known 0.02** (2.42)
Hybrid wheat farmers
squared

Square term of hybrid wheat farmers �8.17E�05** (�2.26)

Input dealer Distance of the village to the input
dealer (in km)

�1.97E�03 (�0.83) 3.88E�03 (1.12)

Yavatmalb Dummy variable for the Yavatmal
district

0.09* (1.70) 0.06 (0.80)

Aurangabadb Dummy variable for the Aurangabad
district

0.02 (0.41) 0.07 (0.93)

Regression statistics Log likelihood �102.71 �142.04
n = 281

Note: Numbers in parentheses are z-values based on robust standard errors. *, **, *** Estimates are significant at the
10%, 5%, and 1% level, respectively. The means (standard deviations) of the dependent variables are: Information
0.81(0.39), Adoption 0.31(0.46).
a The probit model estimates shown are marginal effects evaluated at sample mean values.
b The reference variable for the district dummies is Nashik.
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decision, that is, the role that other farmers
play in the individual decision-making process.
Many studies have estimated these network ef-
fects by using aggregate adoption rates at the
village level (e.g., Foster & Rosenzweig, 1995;
Pomp & Burger, 1995). However, more recent
studies stress that farmers do not learn from
all other farmers in the village. They suggest
that information flows through social net-
works, which are not necessarily based on geo-
graphic proximity (e.g., Bandiera & Rasul,
2002; Conley & Udry, 2001). As a measure of
the size of the individual network, following
the approach of Bandiera and Rasul (2002),
we asked individual farmers in the survey how
many hybrid wheat farmers they know. In
addition, since 80% of all sample farmers stated
that the seed dealer is one of their main sources
of information on new seeds, 3 the geographical
distance of the village to the nearest seed dealer
is included, to capture village effects. District
dummy variables capture regional effects.

Model (1) reveals that farmers who generally
feel constrained in their access to information
on new technologies are indeed less likely to
know about hybrid wheat. Since all farmers
who have heard about hybrid wheat know at
least one hybrid wheat adopter, the variable
‘‘hybrid wheat farmers’’ has been dropped from
the regression. The effect of annual per capita
expenditure, as a proxy for permanent income,
is small but significant: 4 richer farmers are
more likely to know about hybrid wheat than
their poorer counterparts. Likewise, farmers
with larger shares of their land under irrigation
are more likely to know about hybrid wheat.
Although all sample farmers irrigate their
wheat to some extent, by using pumped
groundwater (according to seasonal availabil-
ity), cultivators with larger irrigated shares
seem to be more interested in innovation. This
might be due to the fact that the use of new seed
varieties, in the past, often presupposed suffi-
cient water availability. What is somewhat sur-
prising is that farmers with a higher subsistence
share are more likely to have heard about hy-
brid wheat. Evidently, the notion that subsis-
tence-oriented farms are not receptive to new
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crop technologies is incorrect. Education, expe-
rience, and farm size, on the other hand, play
no significant role in the process of information
gathering.

Model (2) demonstrates that information
constraints and household income play a signif-
icant role in the adoption decision. The social
network variable is positive and significant. It
suggests that, for an average farmer, knowing
one more hybrid wheat adopter increases the
probability of adoption by two percentage
points. Bandiera and Rasul (2002), in their
analysis on sunflower seed adoption in Mozam-
bique, found that the relationship of adoption
and number of farmers known is shaped like
an inverse U. Farmers who know many adopt-
ers might, out of strategic considerations, delay
their adoption to learn from the experiences of
the other farmers in their network. Foster and
Rosenzweig (1995) also found that farmers
have the tendency to ‘‘free ride’’ on the ac-
quired knowledge of other farmers. We test
the free-riding hypothesis by using the square
of the number of farmers known in the regres-
sion. This variable is negative and significant,
which supports the hypothesis of an inverse
U-shaped relationship between adoption and
the number of adopters known. Village and dis-
trict dummy variables, as well as education and
experience, do not play a significant role. Inter-
estingly, farm size and subsistence degree also
do not influence the adoption decision in a sig-
nificant way. Although Table 2 has shown that
adopting farms are larger than nonadopting
farms, the reason is apparently more related
to income and associated risk considerations
than to the size of the land holding itself.
4. IMPACT OF HYBRID WHEAT

Having established the main determinants of
hybrid wheat adoption in Maharashtra, we
Table 4. Selected wheat cultivat

Hybrid whea

Wheat yield (kg/acre) 1,310.00 (410
Plot size (acres) 1.16 (1.1
Maturity (days) 117.93 (20.
Seed rate (kg/acre) 24.22 (4.4
Number of irrigations 6.69 (2.1
Fertilizer applied (kg/acre) 180.09 (121

Note: *, **, *** Mean differences are significantly different fr
now turn to the technological impact of hybrid
wheat for adopting farmers. Table 4 presents
selected wheat cultivation characteristics of hy-
brid and OPV plots.

Despite unfavorable weather conditions in
the survey period, hybrid wheat had a signifi-
cant yield advantage of 351 kg/acre. The
majority of farmers grew hybrid wheat for the
first time during the survey period, and they
started experimenting on smaller plots in order
to incur less risk. The number of irrigations and
the quantity of fertilizer applied was higher on
hybrid wheat plots, but the differences are rela-
tively small and statistically significant only for
the number of irrigations.

In a next step, we estimated a Cobb–Douglas
type production function, including the use of
hybrid wheat as a dummy variable. Since farm-
ers purposely choose whether or not to adopt
hybrid technology, this variable might poten-
tially be correlated with the error term. To
avoid an endogeneity bias in the estimates, we
employed an instrumental variable (IV) ap-
proach, where household expenditure and so-
cial network variables, which proved
significant in the adoption model, were used
as instruments. Because these instruments, as
such, do not influence per-acre yields, the pro-
duction function is properly identified. Table
5 displays the regression results, where the
dependent variable is the logarithm of per-acre
yield. Two model versions are shown: one with
interaction terms between the hybrid IV and
other input variables, and the other without.

In both specifications the coefficient for hy-
brid wheat is positive and significant, indicating
that the technology increases wheat yields also
when controlling for other factors. Irrigation,
fertilizer, and better soil quality also increase
wheat productivity, while the effect of labor is
insignificant. 5 Farmers in Yavatmal and
Aurangabad have lower average yields than
farmers in Nashik, which can be explained by
ion characteristics (2003–04)

t plots (n = 87) OPV plots (n = 256)

Mean (standard deviation)

.70) 959.00*** (464.00)
1) 2.16*** (2.18)
70) 119.25 (19.38)
2) 41.53*** (12.28)
3) 6.14** (2.51)
.80) 167.22 (92.59)

om zero at the 10%, 5%, and 1% level, respectively.



Table 5. Estimated production function

Variable Description With hybrid
interaction terms

Without hybrid
interaction terms

Hybrid wheat Dummy (IV) 0.34* (1.78) 0.18*** (2.87)
Irrigation Logarithm of number of irrigations 0.22** (2.40) 0.21** (2.58)
Fertilizer Logarithm of fertilizer amount (per acre) 0.40*** (6.09) 0.36*** (6.11)
Labor Logarithm of labor-days per acre �0.07 (�1.32) �0.06 (�1.23)
Soil quality Dummy (1: high quality, 0: low quality) 0.20*** (3.38) 0.21*** (3.52)
Education Formal education (years) �0.01 (�0.94) �0.01 (�1.11)
Experience Experience in growing wheat (years) �3.03E�04 (�0.12) �4.10E�04 (�0.16)
Yavatmala District dummy �0.28*** (�3.57) �0.28*** (�3.67)
Aurangabada District dummy �0.18** (�2.26) �0.18** (�2.30)
Hybrid-fertilizer Interaction term �9.11E�04** (�2.26)
Hybrid-irrigation Interaction term �1.51E�03 (�0.06)
Hybrid-labor Interaction term 6.42E�04 (0.42)
Constant 4.74*** (12.29) 4.89*** (13.64)

Regression statistics F 7.52 9.30
R2 0.27 0.26
n = 273

Note: The dependent variable in both models is the logarithm of per-acre wheat yields. Numbers in parentheses are
t-values based on robust standard errors. *, **, *** Coefficients are significantly different from zero at the 10%, 5%, and
1% level, respectively.
a The reference variable for the district dummies is Nashik.
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climatic and topological factors. The districts
are located in different agro-ecological zones
(ICRISAT, 1999). The interaction terms indi-
cate whether or not the hybrid wheat technol-
ogy changes the production elasticities of
other inputs. The interactions with irrigation
and labor are insignificant, whereas the interac-
tion with fertilizer is significant and negative.
This result is surprising, because it suggests that
hybrid wheat is less responsive to chemical fer-
tilizers than OPV wheat. However, the effect is
small and should probably not be over-inter-
preted. In any case, the production function
analysis disproves the hypothesis that hybrids
can only be used successfully with higher input
intensities, and it confirms that hybrid wheat
technology has a significant net productivity-
increasing effect. Based on the specification
without interaction terms, the net yield effect
is around 20%. 6

Table 6 looks at the impact of hybrid wheat
on farm income. To control for unobservable
factors that might influence wheat cultivation,
for example farmer’s skills, we only compare
the plots of those farmers who cultivated both
hybrids and OPVs in the 2003–04 season. Such
a within-farm comparison helps to reduce a
possible nonrandom selection bias. The hybrid
yield advantage is somewhat smaller than in
Table 4, but still highly significant. In addition,
the market price for grain from hybrid wheat is
0.41 rupees/kg higher, on average, than that of
OPV wheat, reflecting the higher perceived
quality. 7 Quality is especially relevant to small-
holders who mainly produce wheat for home
consumption: different studies show that crop
varieties, which are not adapted to farmers’
tastes are often not widely adopted (Bellon &
Risopoulos, 2001; Smale, 1995).

Seed costs per acre are considerably higher
for hybrid wheat. In the first year of hybrid
wheat introduction, the seed price per acre
was much higher (around 1,400 rupees), but
Mahyco cut the costs and reduced the price to
its current level of 1,000 rupees. Cost differ-
ences for other inputs are not significant. Look-
ing at the number of irrigations for this
sub-sample shows that there is no significant
difference. Machinery costs are higher on hy-
brid wheat plots, because most farmers pay
for a rented thresher on a yield basis. Overall,
the average net income advantage of hybrid
wheat over OPVs is 1,852 rupees/acre (39
US$/acre). Disaggregating this gain further,
by farm size, reveals that small farms with less
than 5 acres of land gain more (2,018 rupees/
acre) than medium farms with 5–25 acres
(1,924 rupees/acre), and they gain more than



Table 6. Income effects of hybrid wheat (2003–04)

Hybrid wheat (n = 59) OPVs (n = 59)

Yield (kg/acre) 1,261.94 (389.66) 1,004.00*** (377.29)
Output price (rupees/kg) 8.19 (0.85) 7.78*** (0.79)

Rupees per acre

Market valuea 10,367.50 (3,452.52) 7,800.78*** (2,969.56)

Variable costs

Seedsb 1,086.34 (198.15) 486.92*** (227.89)
Fertilizers 1,205.92 (779.72) 1,066.88 (610.80)
Pesticides 268.16 (1,004.49) 266.51 (1,004.80)
Family laborc 856.81 (939.71) 750.42 (925.35)
Hired labor 911.90 (865.49) 928.34 (996.72)
Hired machinery and contracted operations 821.38 (658.30) 642.68*** (548.55)
Total variable costs 5,150.51 (2,102.86) 4,435.48*** (2,150.11)
Net income 5,216.99 (3,627.44) 3,365.29*** (2,707.23)

Note: Numbers in parentheses are standard deviations. *, **, *** Mean differences are significantly different from zero
at the 10%, 5%, and 1% level, respectively.
a Since the majority of farmers did not sell their produce, the value of output was approximated at the village level
market price.
b For farm-saved seeds or seeds received from neighbors, the seeding rate was multiplied by the market price of grain,
to reflect the opportunity cost. While 36% of the nonadopting sample farmers replace their wheat seeds every year,
45% replace them every two years, 13% every three years, and 6% every four or more years.
c Family labor was valued at the prevailing village wage rate for males and females, respectively.
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large farms with more than 25 acres (1,466 ru-
pees/acre). Therefore, the sample does not con-
firm the widespread notion that the impacts of
hybrid crops are always biased toward larger
farms.

Finally, we look at the benefit distribution be-
tween farmers and the seed company. 8 The
technology revenue that Mahyco gained from
producing hybrid wheat in the 2003–04 produc-
tion season was 287 rupees/acre, which shows
that a large share of the market price for hybrid
seeds is attributable to actual production and
marketing costs. 9 Taking the average net in-
come gain of 1,852 rupees/acre for adopters re-
veals that farmers are currently the main
beneficiaries of hybrid wheat technology, cap-
turing around 87% of the overall benefits. Of
course, Mahyco could increase per-unit technol-
ogy revenues by charging a higher monopoly
price for seeds. This, however, might hinder hy-
brid adoption among smallholder farmers,
which could potentially lead to lower overall
company revenues. Issues of farmers’ price
responsiveness are analyzed in the next section.
5. WILLINGNESS TO PAY FOR HYBRID
SEEDS

In the previous section it was pointed out
that seed prices for hybrid wheat are signifi-
cantly higher than for OPVs. Indeed, 43% of
the nonadopters in our sample stated that the
high seed price is a major adoption constraint.
As mentioned above, Mahyco had reduced seed
prices over time. Although seed sales increased,
it is unclear at this early stage of adoption how
much of this increase was due to the price
changes. In order to analyze farmers’ price
responsiveness and WTP in detail, we use the
contingent valuation method (Hanemann, Loo-
mis, & Kanninen, 1991). The results might help
to better understand farmers’ preferences and
constraints, and to adjust pricing and market-
ing strategies accordingly.

Adapting the Bateman et al. (2002) frame-
work, the farmer’s decision to adopt hybrid
wheat is modeled in a random utility frame-
work. We assume that wheat is primarily con-
sidered a subsistence crop, so that U(Æ) is the
farmer’s utility function, which depends on cash
income, Y; the amount of wheat produced, W;
and household characteristics, S. Abstracting
from quality differences, WH is the hybrid
wheat output, while WV is the lower output of
OPVs. The farmer will adopt hybrid wheat only
if

UðY � P ;W H ; SÞP UðY ;W V ; SÞ; ð1Þ

where P is the maximum price mark-up for hy-
brid wheat seeds that the household is willing to
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pay. P can be rewritten as a function of the
other variables. P(Æ) is defined as the bid func-
tion, which is positive and restricted by income,

0 6 PðW H ;W V ; Y ; SÞ 6 Y : ð2Þ
Since the exact form of the utility function is
unknown, an error term e is added to capture
the randomness of the bid function,

P ¼ pðwH ;wV ; y; s; eÞ; e � Nð0; r2Þ: ð3Þ
Bateman et al. (2002) outline two approaches
to specify this bid function: the utility difference
approach and the bid function approach. Here,
the latter is preferred, because estimated
parameters can be interpreted directly as mar-
ginal effects of farm and household characteris-
tics on the WTP. Rather than deriving the bid
function from a utility difference problem, the
bid function approach assumes that the true
bid function P(WH, WV, Y, S) is the result of
an underlying utility difference problem solved
by the farmer (Bateman et al., 2002, p. 189).
McConnell (1990), who compared both ap-
proaches, states that they are dual to each
other. With the bid function approach, Eqn.
(3) is specified by the constant-only bid func-
tion model,

P ¼ aþ e; ð4Þ
where a captures the observable part of the
model, and can be further parameterized to in-
clude all the variables that are expected to influ-
ence the WTP,

a ¼ a0 þ a1X 1 þ a2X 2 þ � � � þ anX n: ð5Þ
The constant-only bid function is assumed to
be normally distributed with a cumulative dis-
tribution function,

F ðP ; a; r2Þ ¼ U
P � a

r

� �
: ð6Þ

To estimate the bid function, revealed and sta-
ted preferences are combined. Cooper (1997)
suggested this approach; Hubbell, Marra, and
Carlson (2000), Qaim and de Janvry (2003), ap-
plied it to estimate the WTP for transgenic cot-
ton technologies. In our context, a clear price
mark-up of hybrid over OPV seeds is difficult
to define, because many OPV farmers use
farm-saved seeds. Therefore, we define P sim-
ply as the market price the farmer is willing
to pay for hybrid wheat. Adopters in our sam-
ple had revealed that they were at least willing
to pay the current seed price of 1,000 rupees/
acre. Assuming that adopters and nonadopters
have the same utility function allows for com-
bining revealed and stated preferences, to en-
large the available information, and thereby
increase the reliability of the results.

Nonadopters were asked if they would have
been willing to cultivate hybrid wheat in
2003–04 at a lower price. Price bids were varied
randomly across questionnaires in 50 rupee
intervals from 350 rupees/acre, which is equiv-
alent to the lowest market price for OPVs, to
950 rupees/acre. Fifty-four farmers in the sam-
ple had never heard of hybrid wheat. They re-
ceived a description of the characteristics of
hybrid wheat before posing the question. For-
mally, PU is defined as the upper price bound,
that is, the market price of 1,000 rupees. PL is
the lower price bound, that is, the bid offered
to the farmer. Thus, for current adopters the
probability of observing the ‘‘yes’’ response is

ProbðyesÞ ¼ ProbðWTP P P UÞ

¼ 1� U
PU � a

r

� �
: ð7Þ

For nonadopters, there are two possible re-
sponses, for which the probabilities are

Probðno=yesÞ ¼ ProbðP L < WTP < P UÞ

¼ U
P U � a

r

� �
� U

P L � a
r

� �

and

Prðno=noÞ ¼ PrðWTP < P LÞ ¼ U
P L � a

r

� �
:

Accordingly, the log-likelihood function be-
comes

ln L ¼
XN

i¼1

dNN ln U
P L � a

r

� �� �
þ dY

� ln 1� U
P U � a

r

� �� �
þ dNY

� ln U
P U � a

r

� �
� U

P L � a
r

� �� �
; ð8Þ

where dNN = 1 if the individual answer is no/
no and 0 otherwise; dY = 1 if the answer is
yes; and dNY = 1 if the answer is no/yes. Table
7 displays the results of this maximum likeli-
hood estimation.

In addition to the explanatory variables used
for modeling adoption in Table 3, the variable
‘‘Negative own experience’’ is added, which cap-
tures whether a farmer grew hybrid wheat in ear-



Table 7. Modeling the WTP for hybrid wheat seeds

Explanatory variable Description WTPa z-Value

Farm size Land owned in acres 3.31* 1.85
Irrigation Share of farmland irrigated (%) �0.11 �0.24
Soil quality Dummy (1: high quality, 0: low quality) 60.46* 1.86
Subsistence Share of wheat output kept for own consumption (%) �0.48 �0.89
Education In years �0.18 �0.05
Experience Experience of growing wheat (years) �1.41 �0.98
Expenditure Annual per capita food and nonfood expenditure 7.45E�03*** 2.58
Credit constraint Dummy (1: constraint, 0: otherwise) �61.26** �1.99
Information constraint Dummy (1: constraint, 0: otherwise) �72.01** �2.11
Hybrid wheat farmers No. of hybrid wheat farmers known 2.12 0.97
Input dealer Distance of the village to the input dealer (in km) �0.31 �0.15
Yavatmalb Dummy variable for the Yavatmal district 26.01 0.62
Aurangabadb Dummy variable for the Aurangabad district �14.01 �0.50

Negative own experience Dummy (1: the farmer has made negative
own experiences with hybrid wheat, 0: otherwise)

�403.05*** �5.69

Regression statistics Log likelihood �259.92
n = 280

Note: z-Values are based on robust standard errors. *, **, *** Estimates are significant at the 10%, 5%, and 1% level,
respectively.
a Model estimates can directly be interpreted as marginal effects on the WTP evaluated at sample mean values.
b The reference variable for the district dummy variables is Nashik.
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lier seasons but stopped cultivating the crop be-
cause of negative experiences. Table 7 confirms
the hypothesis that these farmers will have a
lower WTP. There are also several other signifi-
cant variables. Farmers who cultivate land with
better soil quality are willing to pay 60 rupees/
acre more for hybrid wheat. Farmers who are
restricted in their access to credit are willing to
pay 61 rupees less for this new seed technology.
Income (approximated by annual per capita
expenditures), information constraints, and
farm size significantly influence the WTP in ex-
pected directions. Interestingly, neither educa-
tion nor the subsistence shares of farmers seem
to influence the WTP in a significant way. Evi-
dently, farmers who obtain little or no cash in-
come from their wheat crop are generally
willing to pay for suitable new technologies.

In a next step, we calculated the mean WTP
at average values of the sample data. Assuming
that the sample is representative for wheat-cul-
tivating farmers in Maharashtra, WTP values
for adopters and nonadopters were weighted
differently, according to their share in Maha-
rashtra’s population of wheat growers. The
mean WTP for all farmers equals 847 rupees/
acre. 10 This value is only 15% below the cur-
rent market price and indicates that farmers’
price responsiveness is high. Small-scale farm-
ers have a lower mean WTP (809 rupees/acre)
than their medium (864 rupees/acre) and
large-scale colleagues (1,020 rupees/acre). Fig-
ure 1 illustrates the share of adoption at differ-
ent price levels by farm size. The results suggest
that adoption rates are likely to increase in the
future to about 10%, at current seed price
levels. Yet adoption would still be remarkably
higher, especially among smallholders, if mar-
ket prices could be further reduced. One option
would be for Mahyco to lower its per-unit tech-
nology revenues. However, as shown above,
these are relatively low anyway, and, since they
have to cover company R & D investments, a
further reduction could jeopardize future levels
of innovation. Therefore, the main avenue to
reduce market prices for hybrid wheat will be
to lower production and marketing costs
through efficiency gains in seed systems.
6. CONCLUSION

In the light of the ongoing discussion about
the suitability of proprietary seed technologies
for smallholder farmers, this paper has ana-
lyzed whether farmers can benefit from hybrid
wheat in a semi-subsistence environment of In-
dia, and what factors determine technology
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Figure 1. Estimated percentage of hybrid wheat adopters at different price levels. Source: Own data.
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adoption. We found that hybrid wheat has a
significant yield advantage over OPVs and that
its grain quality is well adapted to farmers’
tastes. Against widespread beliefs, hybrid
wheat technology does not require higher input
intensities, and the technology is not biased to-
ward larger farms. On the contrary, despite rel-
atively high seed prices and regular seed
replacement requirements, smallholders benefit
to a greater extent from the cultivation of hy-
brid wheat than their large-scale colleagues.
In addition, when looking at the distribution
of technological benefits in our sample, we
found that farmers see greater gains from hy-
brid wheat than the seed company.

Access to information and income signifi-
cantly influence the adoption of hybrid wheat.
Individual networks, as opposed to village net-
works, also play a role in the adoption process.
Larger networks, however, lead to free-riding
behavior. Although it is difficult for policies
to influence farmers’ networks, emphasis
should be on the distribution of sufficient and
concise information through multiple channels,
to raise the adoption of hybrid wheat. In the
last step, the factors that determine the farmers’
WTP for hybrid wheat seeds were analyzed. In-
come, experience, and soil quality positively
influence the WTP, while credit and informa-
tion constraints have a negative effect. The
demand for hybrid wheat is fairly price respon-
sive, which indicates that if hybrid seed prices
could be lowered, for instance through effi-
ciency gains in seed production and distribu-
tion systems, adoption rates could increase
significantly. The results suggest that hybrid
wheat could be one important option to tackle
today’s challenges faced by agricultural re-
search in India. Yet, since the technology has
only been on the market since 2001, more re-
search is needed to assess its effects in other re-
gions and climatic conditions.

More generally, we emphasize that the suit-
ability of hybrid seeds for smallholders should
be carefully evaluated case by case. Our find-
ings demonstrate that hybrids can be very ben-
eficial in a small farm environment, in spite of
the fact that farmers have to buy fresh seeds
for every crop season. This holds true even in
less favorable, semi-subsistence environments,
where farmers hardly derive any cash income
from staple food crops. However, institutional
constraints can limit farmers’ access. Conse-
quently, more public sector involvement in pro-
moting hybrid seed distribution is warranted.
This involvement includes the establishment
of physical seed market infrastructure, efficient
regulatory systems, as well as the effective pro-
vision of appropriate information through the
government extension service and other media.
Public R & D on hybrids can complement pri-
vate activities, especially related to crops that
are of lesser commercial interest.

The findings are also interesting from an IPR
perspective. India, like many other developing
countries, only provides relatively weak IPR
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protection in the agricultural sector, and discus-
sions about the pros and cons of strengthening
plant breeders’ rights are ongoing. The concerns
of opponents are mostly related to the social
implications of restricting seed use. Therefore,
hybrids—with their associated technical use
restriction—can offer some insights into the po-
tential effects of legal use restrictions associated
with IPRs. Our results suggest that strengthen-
ing plant breeders’ rights could foster innova-
tion and stimulate pro-poor agricultural
growth in a country like India, if potential bot-
tlenecks in seed distribution are addressed
through public support. However, more re-
search is needed in this direction, especially in
countries with less developed seed industries.
NOTES
1. The Government of Maharashtra (2005) classifies
operational holdings as follows: marginal/small farms
(up to 5 acres), semi-medium/medium farms (5–25
acres), and large farms (more than 25 acres). This
categorization is followed throughout the text.

2. The cultivable areas (in thousand acres) are Western
Maharashtra (15,923), Marathwada (13,924), Vidarbha
(12,177), and Khandesh (5,884) (Government of Maha-
rashtra, 2003).

3. In fact, when asked about their main reliable sources
of information on new seeds and agricultural technol-
ogies, the large majority of farmers named the seed
dealer as the primary source. Other sources of informa-
tion, in the order of importance, are fellow farmers
(including the most progressive farmer in the village),
seed companies, and public media. Government exten-
sion agents ranked relatively low in that list.

4. The household expenditure variable includes cash
expenditures, as well as subsistence consumption.

5. Since over two-thirds of all sample farmers did not
use any pesticides, a pesticide variable was not included
in the production function. Zero observations would
cause problems with the Cobb–Douglas specification.
Other specifications that included a pesticide variable
did not change the sign and significance of the other
variables. Soil qualities correspond to farmers’ own
evaluation of their plot. Heavy soils are identified as
high quality soil, whereas medium to light soils are soils
of lower quality.
6. In specifications with a logarithmic dependent var-
iable, the exact effect of dummy variables is calculated as
{exp(coefficient) � 1} · 100.

7. Indeed, when being asked about the advantages of
hybrid wheat, farmers named higher yields as the main
advantage, followed by the good taste and bread making
quality of hybrid wheat.

8. We ignore consumer benefits, because the current
low adoption rates are not associated with a measurable
consumer price effect. This effect might change in the
future when technology adoption rates increase.

9. Based on Mahyco records, the technology revenue
for the 2003–04 season was calculated as follows:
contract farmers for seed production received 18.80
rupees/kg, seed handling (including treatment and
packaging costs) was priced at 8.00 rupees/kg, and
marketing costs were 2.92 rupees/kg. The total cost is
29.72 rupees/kg, or 713.28 rupees/acre, using the average
seeding rate for hybrid wheat of 24 kg/acre. Seeds were
sold at 1,000 rupees/acre, which generates technology
revenues of 286.72 rupees/acre.

10. We also ran the regression only with those
farmers who had heard about hybrid wheat. The
weighted average WTP for this sub-sample of farmers
is 870 rupees/acre, which is 23 rupees higher than the
WTP of all farmers. The relatively small difference
suggests that the information given to unaware farm-
ers during the interviews did not cause any significant
bias.
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