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Abstract: High atmospheric temperatures can reduce maize production in different parts of Asia.
Heat stress is the major driving force behind the need for varietal development that confers a heat
tolerance trait (drought + heat tolerant) to maize hybrids. CIMMYT has developed heat-tolerant
maize hybrids and deployed them in the market in collaboration with NARS partners. This study
was conducted to estimate farmers’ willingness to pay for heat-tolerant maize hybrids in the Terai
region of Nepal. A socioeconomic survey of 404 randomly selected maize-growing households was
conducted to estimate farmers’ willingness to pay using the contingent valuation method. Given the
economic importance of heat-tolerant maize hybrids in maize cultivation, the survey showed that
the average WTP for heat-tolerant maize hybrids was 71% more than that for the current varieties
in the market, including overall seed sources and subsidized seed. Without a subsidy, the farmers’
WTP price was at a 19% premium compared to the average price paid for conventional hybrids.
Factors such as education, owning land, the interaction of hybrid adopters and owning land, soil
depth, the number of goats/sheep, and the semi-pucca homes of households influenced the WTP for
heat-tolerant maize hybrids. Heterogeneous demand was observed with respect to years of hybrid
maize cultivation, farmers’ association with the network group, and the gender of the head of the
household. In the context of climate change and global warming scenarios, Nepal’s agriculture policy
should prioritize increasing domestic seed production and the distribution of heat-tolerant maize
hybrids through a public–private partnership model.

Keywords: heat-tolerant maize hybrid; willingness to pay; contingent valuation; preference hetero-
geneity; Nepal

1. Introduction

Population and industrial growth are the major drivers behind the global demand
for rice, wheat, and maize—the world’s major food staples. The world’s population
grew at a rate of 1.05% in 2020, with the current average increase estimated at 81 million
people per year. An additional 1.2 billion people will need food by the year 2037 [1].
Optimal climatic conditions and packages of practices determine productivity in agriculture.
However, climate change poses a major challenge to increasing productivity and sustaining
livelihoods in the face of erratic weather patterns and scarcity of irrigation water. Drought,
heat stress, and long dry periods are currently the leading causes of yield losses in South
Asia, reducing crop yields by 15–20% on average in rainfed agriculture [2]. Climate-change-
induced heat and water stresses are projected to drastically reduce the yields of staple crops
in the region by 9–19% in maize, 44–49% in wheat, and 14% in rice [3]. While drought
negatively affects all stages of crop growth and development, the reproductive stage,
particularly between tassel emergence and early grain filling, is most sensitive to drought
stress [4]. A study [5] hinted that in sub-Saharan Africa a 2 ◦C increase in temperature
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would result in a greater yield loss than a 20% decrease in precipitation. Warming across
South Asian countries during the twentieth and early twenty-first centuries has resulted in
more frequent temperature extremes [6–8]. Heatwave frequency has increased since the
mid-twentieth century in large parts of Asia [8]. The extent of heat-stressed areas in South
Asia is projected to increase by up to 12% by 2030 and by 21% by 2050 with respect to the
baseline [9]. Climate-smart technologies such as heat-tolerant hybrids (heat, drought, and
heat + drought) are the best option to minimize the impacts of abiotic stresses.

In the 2008–2009 drought in Nepal, power outages lasted 16 h per day in Kathmandu,
increasing yield losses in wheat and barley, leading to food insecurity for two million
people [10]. Climate change studies conducted in the twentieth century projected that
there would be water stress in most of South Asia by the year 2050 [11–13]. The average
temperature is predicted to rise significantly by 0.5 ◦C to 2.0 ◦C by 2030 [14], by 1.3 ◦C to
3.8 ◦C by 2060, and by 1.8 ◦C to 5.8 ◦C by 2090 [15]. High temperatures during critical
stages of crop growth, long dry spells, and high precipitation pose a risk of increased food
insecurity in marginal maize-growing areas. Past experience has shown that the use of
new varieties alongside improved management practices can offset yield losses by up to
40% [16]. Developing a maize germplasm with drought and heat tolerance is seen as the
right step toward risk mitigation in hotter and drier production environments. The drought
tolerance trait in maize has global value, without which no farmer can afford it [17,18],
given the climate change scenario. The current rate of water use is not sustainable if the
world is to support 9 billion people or more in 2050 [19].

The International Maize and Wheat Improvement Center (CIMMYT), together with
its national partners, has developed climate-smart technologies such as drought- and
heat-tolerant maize hybrids (Rampur Hybrid-10 (RH-10) and Rampur Hybrid-8 (RH-8))
to minimize the effects of climate change. The adoption of these improved hybrids is
governed by farmers’ willingness to pay for their traits. The best way to assess the effective
demand for drought- and heat-tolerant traits is to quantify the implicit price of the desired
traits. This study was designed to estimate the farmers’ WTP for such traits and facilitate
the scaling of drought- and heat-tolerant maize technology in the Terai region of Nepal.

2. Relevance of Heat-Tolerant Maize in Nepal

Nepal is a topographically diverse country, with mountains covering 35%, hills cover-
ing 42%, and the Terai region covering 23% of its total area. Given the country’s extreme
topography, only 21% of its total land area is suitable for agriculture. Of the total agricul-
tural land, 29.7% is irrigated [20]. Nepal’s principal economic activity is agriculture, which
contributed 30.7% of its GDP in 2019–2020. Maize is the second most important cereal crop
grown for food, feed, and fodder [21], which showed an increase in production of 0.279 mil-
lion tons and a 0.37% increase in area (3492 ha) in 2019–2020 compared to the 2017–2018
production of 2.56 million tons from a 0.95-million-hectare area [22]. In the 2020/2021 fiscal
year area, production, and productivity were estimated to have increased by 0.21%, 3.22%,
and 3%, respectively, compared to 2019/2020 [23]. Maize provides livelihoods (income
and employment) to around 1.5 million people [24]. The per capita maize consumption
in Nepal was 98 g/person/day [25]. Demand for the crop has grown by about 5% per
year over the last few decades [26]. About 16.42% of the maize is grown in the Terai and
inner Terai regions [27]. The crop contributes 25.4% of the total edible production in the
country [28]. Nonetheless, 51.8% and 25.2% of households in the country are food insecure
and under the poverty line, respectively [29].

Of the total area under maize in Nepal, summer maize contributes 73.9%, spring
maize contributes 14.2%, and winter maize contributes 11.9% [23]. Around 88% of the
maize area (summer- and spring-grown) is susceptible to heat stress at both the vegetative
and reproductive stages, particularly during pollination and grain setting. Yield losses of
up to 75% have been reported due to heat stress [30], depending on crop stage, severity,
and duration of stress [31]. High temperatures above 38 ◦C at the time of silking and
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anthesis have led to leaf firing and tassel blast, which led to poor pollination and barren
ears, resulting in yield loss.

Shallow tube wells are the major source of irrigation in Banke district. Most farmers
with shallow tube wells used 0.5 hp motors to irrigate their maize fields, making it a
time-consuming process. Decreasing water levels in the summer season are a major cause
of unequal water distribution and insufficient irrigation.

According to an estimate, only 12–15% of the maize area in Nepal is under hybrid
cultivation, and 85–88% is under open-pollinated varieties (OPV)s [32], a major cause of
low productivity. The demand for feed has been increasing at the rate of 11% per year [33].
The demand for poultry feed is estimated to be 391,538 metric tons, with 75% of this amount
fulfilled through imports. Over a 20-year period (1994/1995 to 2014/2015), the country’s
livestock population increased by 0.73 to 1.23% annually [34].

Considering maize’s diverse uses, demand for it will keep growing. To meet the inter-
nal demand, Nepal imported 0.4 million tons, valued at USD 115.94 million, in 2019–2020.
Since Nepal’s national hybrid seed system is in the early stages of development, the country
relies heavily on imported hybrid maize seeds, whose demand expanded from 20 tons in
2008 [35] to 27,754 tons in 2019–2020 [22]. These imports created a trade deficit of USD
9.7 million from the maize seed sector alone.

Open-pollinated varieties have some limitations in terms of yield potential. Their
yields cannot be increased beyond a point, even with high inputs. On the contrary, a hybrid
can give 25–30% higher grain yield compared to OPVs [23]. However, the limited choice
of hybrids, poor access to improved seeds of released or registered hybrids developed
by the national system, and the high seed price of imported hybrid seeds could be some
reasons for the low adoption of hybrid seeds. Research in hybrid maize in Nepal started
in 1987 to increase production and productivity. Since then, the country has released
29 OPVs and 10 hybrids (years in parentheses): Gaurav (2003), Rampur Hybrid-2 (2012),
Khumal Hybrid-2 (2014), Rampur Hybrid-4 (2016), Rampur Hybrid-6 (2016), Rampur
Hybrid-8 (2018), Rampur Hybrid-10 (2018), Rampur Hybrid-12, Rampur Hybrid-14, and
Rampur Hybrid-16 (2022). Of these, Rampur Hybrid-8, Rampur Hybrid-10, and Rampur
Hybrid-12 are heat-tolerant single-cross hybrids developed under the HTMA/CIMMYT
project funded by USAID. Along with these, multinational companies developed 53 hybrids
registered for marketing in the country [23].

3. Materials and Methods
3.1. Data

This study is based on primary household surveys conducted in the Banke and Dang
districts in the Terai region of Nepal in August 2021. Face-to-face interviews with household
heads were conducted, and data were collected using a structured questionnaire that was
designed using an electronic software (Kobo collect toolbox, v2021. 2.4) to minimize data
entry errors and survey time. The districts were selected purposively on the basis of the
deployment of Rampur Hybrid-10 by seed companies in the maize super zone, large maize
areas under cultivation, and spring maize areas and the potential for the adoption of a
heat-tolerant maize hybrid in Nepal. The location of the study districts is shown in Figure 1.
The total area under maize in Dang district was 26,250 ha, with 75,081 tons of production,
whereas the corresponding figures for Banke district were 9336 ha and 25,913 tons in
2019–2020 [22].
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Figure 1. Location of the study area in Nepal.

Sampling Technique

The total population of both surveyed districts was 1,043,896 (Dang: 552,583 [36] and
Banke: 491,313) [36], as per the 2011 census of Nepal. The sample size (n) of 400 was
estimated using the formula by Yamane [37], as shown in Equation (1).

n =
N

1 + N(e)2 (1)

where N = total population and n = sample size.

n =
1, 043, 896

1 + 1, 043, 896(0.05)2

n = 400

As RH-10 is a recently released hybrid, the seed was distributed through the super zone
for maize and co-operative societies. A list of adopters was collected from the super zone
and co-operative societies to select adopters. A list of maize farmers was collected from rural
municipalities to randomly select non-adopter farmers. Based on the deployment of seed
in the super zone for maize, Rapti, Gadawa, and Rajpur rural municipalities and Lamahi
municipality were purposively selected from Dang district, and Khajura and Duduwa rural
municipalities were selected from Banke district. In total, 25 villages were selected: 6, 5, 1,
and 4 from Rapti, Gadawa, Rajpur, and Lamahi municipalities, respectively, and 1 and 8
from Duduwa and Khajura municipalities, respectively. From each village, 16–18 farmers
(8–9 adopters and 8–9 non-adopters) were randomly selected from the list. Of the total
surveyed households, 192 farmers had adopted the heat-tolerant maize hybrid Rampur
Hybrid-10 and 212 were growers of conventional maize varieties. Among the farmers,
357 were adopters of the maize hybrid and 47 were growers of OPVs or local varieties.
Finally, a pool of 404 households (258 in Dang and 146 in Banke) was randomly selected
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for the survey to ascertain farmers’ WTP for Rampur Hybrid-10, which is a heat-tolerant
maize hybrid.

3.2. Analytical Framework

The contingent valuation method originally developed in environmental and natu-
ral resource economics was employed to elicit farmers’ demand for heat-tolerant maize
hybrids [38]. The WTP can be estimated either using open-ended questions, such as ask-
ing respondents the maximum amount they are willing to pay, or through closed-ended
questions, such as if they would be willing to pay a specific amount (dichotomous choice).
This study used the dichotomous choice (DC) approach, which is generally superior to
an open-ended format, as it confronts respondents with a more market-like situation [39].
In the single-bound model, farmers can provide a “yes” or “no” response to the initial
bid offered for the technology. This approach is incentive-compatible; it is in the strategic
interest of respondents to say “yes” if their WTP is greater than or equal to the price asked
and “no” otherwise [38]. Utility maximization implies that respondents will only answer
“yes” to the offered bid if their maximum WTP is greater than the bid. However, the
single-bounded model requires a large sample and is statistically inefficient [40]. Greater
efficiency is achieved in the double-bound model by offering respondents a second bid
that is higher or lower, depending on the first response. This method incorporates more
information about an individual’s WTP and therefore provides more efficient estimates and
tighter confidence intervals [40]. The double-bounded model is easy to administer, and the
model can be estimated with standard econometric software, so we used a double-bounded
model in our study.

In the DC approach, the consumer is presented with two consecutive bids, and the
second bid depends on the response to the first. If the consumer answers “yes” to the
first bid (Bi), the second bid (Bi

u) is set higher, but if the individual responds “no” to the
first bid, the second bid (Bi

d) is set lower. There are four possible outcomes: “yes” to the
first bid followed by a “yes” to the second bid (with a probability denoted by Pyy); “yes”
followed by “no” (Pyn); “no” followed by “yes” (Pny); and two consecutive “no” answers
(Pnn). The price bids varied randomly across the questionnaire, ranging from Nepalese
rupee (NPR) 300/kg to NPR 700/kg based on the seed prices of different brands and seed
subsidies provided by the Nepalese government. The format of the WTP questionnaire
is given in Appendix A. To obtain information on a wide range of values, different bid
amounts were randomly assigned between respondents (i). Combining the probabilities of
the four outcomes, the log-likelihood function for this model for a sample of n consumers
takes the form:

ln L =
N
∑

i−1
dYY ln

[
1−Φ

(
Bu−β′x

σ

)]
+ dYN ln

[
1−Φ

(
Bu−β′x

σ

)
−Φ

(
Bi−β′x

σ

)]
+dNY ln

[
1−Φ

(
Bi−β′x

σ

)
−Φ

(
Bd−β′x

σ

)]
dNN ln

[
Φ
(

Bd−β′x
σ

)] (2)

where Bi is the initial bid; Bu is the follow-up bid; Bd is the lower bid; and diYY, diYN, diNN,
and diNY are binary variables, with 1 denoting the occurrence of that particular outcome
and 0 otherwise. The parameter σ is the standard error of the regression, which captures the
randomness in the bid function. The estimation coefficient (β) can be directly interpreted
as the marginal effect of the variable x on WTP. The mean WTP was obtained by evaluating
the estimated coefficient at the variables’ mean values.

4. Results and Discussion
4.1. Multilocation Trials of Heat-Tolerant Maize Hybrid

A multilocation evaluation trial (MLT) of Rampur Hybrid-10 on a 10 m2 plot with other
hybrid cultivars as checks was conducted by CIMMYT to compare their performance in
the 2017–2018 spring season (Table 1). The potential grain yields per plot of all the hybrids
were recorded and converted to tons/ha at a standard moisture of 12.5%. The trials were
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conducted under high input and stressful environmental (spring season) conditions. The
minimum yield was 4.52 t/ha in Bittipara, and the maximum was 8.25 t/ha in Nepalgunj
I. In Bittipara, the performance of Rampur Hybrid-10 was significantly superior to that
of commercial check 1 and on par with those of the other checks. In Sherpur, Rampur
Hybrid-10 performed significantly better than the regional check, commercial check 1, and
commercial check 2 and on par with commercial check 3. In Nepalgunj I and II, Rampur
Hybrid-10′s performance was superior to those of the regional check and commercial check
1 and on par with those of the other checks. Among the trials in the six locations, Rampur
Hybrid-10′s performance was superior to the regional or commercial checks in four loca-
tions and on par with them in two locations in the spring season. High temperatures/heat
waves coinciding with the flowering/reproductive stage adversely affected pollen viability
and stigma receptivity, leading to abnormal fertilization and resulting in poor grain setting.
Given that uncertain climatic conditions and the probability of long dry spells and high
temperatures/heat are higher in rainfed agriculture, the adoption of a heat-tolerant hybrid
is a strategic way to minimize yield losses that occur due to heat stress.

Table 1. Potential grain yields (t/ha) of heat-stress-tolerant maize hybrids, demonstrated in multilo-
cation trials in Nepal in the 2017/18 spring season.

Entries/Location Bittipara Sherpur Rampur Nepalgunj I Nepalgunj II Siraha Mean Yield across Locations
[SD] ×

Rampur Hybrid-10 4.52 5.68 6.75 8.25 5.02 6.83 6.17
[1.37]

Regional Check 3.87
(0.65) 4.76 (0.92) ** 5.94

(0.81)
5.46

(2.79) **
3.00

(2.02) **
7.29

(−0.46)
5.05

[1.53]

Commercial Check 1 3.21
(1.31) ** 4.69 (0.99) ** 7.89

(−1.14)
6.13

(2.79) **
2.23

(2.79) **
7.57

(−0.74)
5.29

[2.31]

Commercial Check 2 4.38
(0.14) 4.63 (1.05) ** 5.49

(1.26)
8.04

(0.21)
3.52

(1.50)
7.23

(−0.4)
5.55

[1.75]

Commercial Check 3 4.09
(0.43)

4.99
(0.69)

6.86
(−0.11)

8.85
(−0.75)

5.77
(−0.75)

6.58
(0.25)

6.19
[1.66]

Mean yield (t/ha) 4.06 4.66 6.18 7.90 4.65 7.08 -

SD (location yield) 0.63 0.71 0.87 1.07 0.96 0.49 -

Least Significant
Difference (LSD@0.05) 1.21 0.77 1.65 1.53 1.88 1.11 -

Number of entries
(observations) 25 25 25 25 25 25 -

** = statistically significant at 5% level. SD = standard deviation. × = Figures in [] indicate the standard deviation
across locations. Note: Figures in parentheses indicate the differences between the yield of Rampur Hybrid-10
and the respective checks. If the difference is more than the LSD value, then Rampur Hybrid-10 is significantly
superior to the respective check.

4.2. Socioeconomic Characteristics of Farmers

The socioeconomic profile of the sampled households is presented in Table 2. Of the
surveyed households, 92% were male-headed. The average age of the household heads
was 50.53 years. Most of the respondents (58.42%) were aged between 41 and 60 years,
followed by 21.29% being less than 40 years old and 20.23% being more than 61 years
old. Significant differences were observed among adopters and non-adopters of the heat-
tolerant hybrid. The education status of the household head was found to be at a secondary
level. Adivasi/Janajati respondents constituted 58% of the sample households, whereas
30% of them were Brahmin/Chhatri. About 86% of the households were members of
social networks such as agricultural co-operative societies and self-help groups, which
allowed them direct access to schemes/programs implemented by the Nepal government
to promote cutting-edge technology. The average size of the owned land was 0.92 ha.
About 73.27% of the households had land holdings that were below 1 ha, 19.55% had land
holdings between 1.01 ha and 2 ha, 4.95% had land holdings between 2.1 ha and 4 ha, and
only 2.23% had had land holdings of more than 4.1 ha. The per capita land holding size
was only 0.15 ha. Of their own land, 0.27 ha was allocated to maize cultivation. Given the
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open border between India and Nepal, farmers in adjoining districts have been cultivating
hybrid maize since 1980. On average, farmers have been cultivating hybrid maize for
the last 3.5 years in the study locations. The mass adoption of hybrid maize varieties
began 5–6 years ago in Dang district and in the last 2–3 years in Bankej district. Significant
differences were observed among adopters and non-adopters of heat-tolerant hybrids in
terms of the distances to input dealers and extension offices. The Nepalese government has
been promoting different schemes to promote the swift adoption of hybrid maize.

Table 2. Socioeconomic profile of the surveyed farmer households.

Variables
Overall (n = 404) Adopters (n = 192) Non-Adopters (n = 212)

Mean Difference
Mean SD Median Mean SD Median Mean SD Median

Gender of household head (male = 1) 0.92 0.28 1 0.92 0.28 1 0.92 0.28 1 0.00
Age (years) 50.53 11.84 49 51.93 11.76 52 49.27 11.8 48 2.66 **

Education (years) 6.71 4.59 8 6.86 4.65 8 6.58 4.53 8 0.28
Household members 6.86 3.8 6 7.03 3.78 6 6.71 3.82 6 0.32

Caste dummy 1 (Adivasi/Janajati = 1) 0.58 0.49 1 0.58 0.49 1 0.59 0.49 1 0.00
Caste dummy 2 (Brahmin/Chhatri = 1) 0.3 0.46 0 0.33 0.47 0 0.27 0.44 0 0.06

Member of any group 0.86 0.35 1 0.93 0.26 1 0.79 0.41 1 0.14 ***
Owned land (ha) 0.92 0.99 0.63 1.05 1.12 0.67 0.81 0.84 0.53 0.24
Maize plot (ha) 0.27 0.26 0.2 0.26 0.25 0.17 0.27 0.26 0.2 −0.01

Years of maize hybrid cultivation 3.5 2.63 3 3.54 2.04 3 3.48 3.06 3 0.06
Distance to input dealer (km) 3.18 3.82 2 2.83 3.87 2 3.49 3.76 2 −0.66 *

Distance to extension offices (km) 6.39 4.25 5 6.01 4.33 5 6.73 4.12 6 −0.72 *
Household member migration (No.) 0.51 0.76 0 0.5 0.69 0 0.53 0.81 0 −0.03

Off-farm income (‘1000 NPR) 254.74 475.92 120 275.01 521.55 150 236.38 430.89 116 38.63
Female buffaloes (No.) 0.95 1.79 1 0.92 1.64 1 0.98 1.92 1 −0.06

Goats/sheep (No.) 4.4 4 4 4.72 4.36 4 4.09 3.64 4 0.63
Soil depth (cm) 31.53 9.03 30 32.41 9.27 30 30.75 8.76 30 1.66 *

Male workers in household (No.) 2.13 1.43 2 2.2 1.48 2 2.08 1.39 2 0.12
Female workers in household (No.) 2.17 1.35 2 2.21 1.32 2 2.12 1.36 2 0.09

Maize grown in spring season 0.59 0.49 1 0.66 0.47 1 0.53 0.5 1 0.13 ***
Pucca house 0.7 0.46 1 0.7 0.46 1 0.7 0.46 1 0.00

Semi-pucca house 0.18 0.39 0 0.23 0.42 0 0.14 0.35 0 0.09 **
Kutcha house 0.12 0.32 0 0.07 0.26 0 0.16 0.36 0 −0.08 ***

District (Dang = 1) 0.64 0.48 0 0.63 0.48 0 0.65 0.48 0 −0.02

***, **, * = statistically significant at 1%, 5%, and 10% levels, respectively; No. = number. Exchange rate:
USD 1 = NPR 118.13 [41]

Agriculture remains the major source of occupation, providing employment to 77.48%
of the households in the study location. Low land size and over-dependency on agriculture
has led to outmigration. Of the surveyed households, 207 members (0.51%) had out-
migrated from 158 households (39%). Of the total number that had migrated, 51.21%
had migrated within Nepal, 32.85% had migrated to other countries (Qatar, Saudi Arabia,
Dubai, etc.), and 15.94% were taking part in seasonal migration to India. The major
reported reasons for migration included low per capita land holding, the non-availability
of employment in the village, and greater possible earnings outside Nepal than within
the country, among other factors. Off-farm income was calculated by taking into account
salary, business, machinery earnings, migration, and other sources and was estimated to
be NPR 254,740/year. Income from remittance was not considered to calculate off-farm
income. A buffalo and 4–5 sheep/goats were held by each household. The average soil
depth in an adopter farmer’s maize plot was 32.41 cm, significantly different from that in
a non-adopter’s plot (30.75 cm). About 59% of the households grew maize in the spring
season, whereas 36% grew it in the winter season, indicating their clear preference for
spring season cultivation. As a result of income received from remittances and migration
income, 70% of the households had pucca houses on their own farm and 18% had semi-pucca
houses, of which 23% of households adopted a new hybrid while 14% grew conventional
maize varieties.

4.3. Economics of Maize Production in Nepal

The detailed cost of maize cultivation by farmers is given in Table 3. The average paid-
out cost was NPR 38,170/ha; adopter households had a significantly (at the 5% level) lower
paid-out cost of NPR 36,060/ha than the non-adopters, with NPR 40,090/ha. The significant
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difference in paid-out cost was because of the seed cost. A detailed breakdown of the cost of
cultivating maize is given in the Supplementary Materials (Table S1). The average seed rate
used by farmers was 22.59 kg, which cost around NPR 7350/ha. Adopter farmers reported
an average seed cost of NPR 5370 of Rampur Hybrid-10, which was significantly lower (at
the 1% level), by NPR 3790, than that reported by non-adopters, with a seed cost of NPR
9150/ha. Hybrid seed is subsidized by 50% if purchased from the government’s Prime
Minister Agriculture Modernization Project (PMAMP) maize super zone, whereas there
is no subsidy if purchased from dealers. Rampur Hybrid-10 is produced and marketed
by private seed companies in Nepal, and other conventional maize hybrids are imported
from neighboring countries such as India, which includes the cost of transportation, import
taxes, and storage charges, which increase the seed cost. In-country (Nepal) hybrid seed
production, which reduces over-dependency on other countries and boosts the local seed
industry, has been one of the major achievements of the HTMA project funded by USAID.
Agricultural universities recommend fertilizer application for maize at 180:60:60 NPK/ha,
which requires them to apply 340 kg of urea/ha, 130 kg of DAP/ha and 67 kg of potash/ha.
Farmers, on the other hand, used very little fertilizer, which could be one of the reasons
for low productivity. There is a scope for the use of optimal fertilizer doses to increase
productivity per unit area. Very few farmers use micronutrients or weedicides. The total
cost, including family labor, was estimated to be NPR 77,390/ha. Most of the farm work
was being performed by family members, as the average family size was 6.86 members.
Hence, expenses for hired labor were very low. A study in 2022 [35] estimated that the total
variable cost of hybrid maize adopters was NPR 74,299/ha, which is similar to our findings.
Households that adopted Rampur Hybrid-10 reported an additional yield of 0.36 tons/ha
and an additional net income of NPR 13,720/ha compared to conventional maize growers.
Studies revealed that stress-tolerant varieties provide higher and stable yields during dry
spells and serve as a risk management strategy in the absence of institutional insurance
mechanisms [42–44].

Table 3. The economics of maize production in Nepal.

Variables

Expenses and Revenue (‘1000 NPR/ha)

Mean DifferenceOverall Adopters Non-Adopters

Mean SD Mean SD Mean SD

Paid-out cost 38.17 16.3 36.06 14.01 40.09 17.95 −4.03 **

Family labor cost 39.22 15.38 40.34 15.84 38.20 14.93 2.14

Total cost, with imputed value of family labor 77.39 18.71 76.40 18.02 78.29 19.31 −1.89

Maize grain yield (tons) 4.24 1.61 4.42 1.35 4.06 1.80 0.362 **

Price received (‘1000 NPR /ton) 27.33 3.59 27.41 3.410 27.25 3.75 0.16

Grain income 115.88 44.79 121.15 38.53 110.64 49.30 11.01 **

Dry fodder value 11.93 4.28 12.36 3.65 11.54 4.75 0.82 *

Gross income 127.81 48.55 133.51 41.48 122.18 53.64 11.83 **

Net income 50.42 45.97 57.11 42.53 43.89 48.05 13.72 ***

Note: number of observations = 404. ***, **, * = statistically significant at 1%, 5%, and 10% levels, respectively.
Exchange rate: USD 1 = NPR 118.13 [41].

4.4. Respondents’ Willingness to Adopt Heat-Tolerant Maize Hybrids

The initial bids offered to the surveyed farmers are given in Table 4. The bids ranged
from NPR 300 to NPR 700 in NPR 50 intervals. Bids were decided following discussions
with dealers and distributors and were based on the current prices of hybrids in the
country’s market. Of the surveyed farmers, 357 grew hybrid maize varieties and 47 farmers
grew OPVs. Overall, 61% of the farmers were willing to adopt heat-tolerant maize hybrids
at the given seed prices. While 65% of the adopters of maize hybrids were willing to
adopt heat-tolerant maize hybrids, only 28% of the non-adopters (farmers growing OPVs)
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were willing to adopt heat-tolerant hybrids. Moreover, adopters of hybrid maize were
willing to pay a greater price for heat-tolerant hybrids compared to non-adopters. It was
observed that as the bid price increased, the willingness to adopt heat-tolerant hybrids
decreased, indicating that the bid prices mentioned in the study suited the hybrid seed
market in Nepal.

Table 4. Respondents’ willingness to adopt heat-tolerant maize hybrids.

Initial Bid (Seed
Price in NPR)

Number of Respondents That Faced the Bid Amount Share of Respondents Willing (Yes = 1) to Adopt
Heat-Tolerant Hybrids at the Elicited Seed Price

Hybrid Maize
Adopters Non-Adopters Overall Hybrid Maize

Adopters Non-Adopters Overall

300 34 1 35 0.88 1.00 0.89
350 28 4 32 0.86 0.50 0.81
400 46 4 50 0.78 0.25 0.74
450 54 10 64 0.78 0.30 0.70
500 64 4 68 0.73 0.50 0.72
550 47 5 52 0.62 0.20 0.58
600 24 5 29 0.38 0.00 0.31
650 28 10 38 0.39 0.30 0.37
700 32 4 36 0.13 0.00 0.11

Overall 357 47 404 0.65 0.28 0.61

Pearson’s chi2 statistic for the association between the adoption of hybrid maize and the willingness (yes = 1) to
adopt heat-tolerant hybrids was 24.25, which was statistically significant at p < 0.01.

4.5. Factors Influencing Farmers’ Willingness to Pay for Heat-Tolerant Maize Hybrids

We estimated two WTP models. Model 1 consisted of socioeconomic characteristics,
while model 2 included the interaction of hybrid adopters with their own land (log) and the
interaction of household membership in a group with hybrid adopters (Table 5). The results
from the two models were fairly consistent with respect to significance, except for hybrid
adopters and interactions. It was observed that increasing the education level by one year
played a positive role in influencing WTP for a heat-tolerant maize hybrid compared to
illiterate farmers. In Kenya, Kimunji and Groote [45] observed that people with secondary
schooling showed a significantly higher WTP for genetically modified food than those with
either less or more education. In model 1, hybrid maize adopters were willing to pay a
significantly higher price for heat-tolerant hybrids compared to those who grew OPVs.
This was because hybrid adopters knew the comparative yield advantage of hybrids over
OPVs and were therefore willing to pay a premium price for heat-tolerant maize hybrids.
Model 2 showed that increasing owned land played a vital role in influencing the WTP for
heat-tolerant hybrids. Farm size and education were shown to significantly influence the
WTP for Bt eggplant in India [46]. The owned land/farm size results were similar to those
in earlier studies showing that farm size is an important determinant of the adoption of the
latest technologies in developing countries [47–49]. The interaction of hybrid adopters and
owned land was significant but negatively influenced the WTP for heat-tolerant hybrids.
This is clearly explained in Figure 2. Figure 2 shows the prediction of WTP for heat-tolerant
hybrids among hybrid adopters and OPV farmers. If OPV farmers adopt heat-tolerant
hybrids, their WTP increases with increasing land holdings, whereas the WTP of hybrid
adopters is similar irrespective of land holding. This indicates that in order to promote
heat-tolerant maize hybrids, extension agents should focus on OPV farmers rather than
hybrid adopters. The interaction of member groups and hybrid adopters showed a positive
association that did not significantly influence WTP.

Livestock rearing is complementary to agriculture. Farmers feed maize grain as a
concentrate to sheep/goats to increase their weight and obtain a better price. Farmers
consider sheep/goats to be a liquid asset that can be sold in any emergency. The availability
of stable feed and fodder in a stressful environment is made possible by the adoption of a
heat-tolerant maize hybrid.
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Table 5. Determinants of farmer demand for heat-tolerant maize hybrids: interval regression estimates.

Variables
Model 1 Model 2

Coefficient Robust SE Coefficient Robust SE

Sex of household head (male = 1) 54.25 35.85 54.38 35.99
Age (years) −1.08 0.93 −1.11 0.92

Caste (Brahmin/Chhatri = 1) 0.20 26.35 0.93 26.24
Education (years in school) 4.71 ** 2.32 5.15 ** 2.32

Group membership 39.29 26.24 72.26 55.75
Maize plot (ha; log-transformed) 11.78 13.14 13.39 13.07

Hybrid adopter (adopter = 1) 126.68 *** 29.14 84.57 52.05
Owned land (ha; log-transformed) −20.45 * 12.08 62.33 ** 32.63

Hybrid adopters # owned land (interaction) – – −90.02 ** 32.51
Group membership # hybrid adopters (interaction) – – −45.33 62.75

Distance to input dealer (km) −0.66 2.91 −0.58 2.91
Distance to extension offices (km) 0.20 2.52 0.14 2.51

Household member migration (No.) −3.46 10.69 −1.36 10.64
Off-farm income (NPR) 0.00 0.00 0.00 0.00
Female buffaloes (No.) 1.14 5.64 1.01 5.60

Goats/sheep (No.) 6.43 ** 2.38 6.39 ** 2.38
Soil depth (cm) 3.82 *** 1.19 4.12 *** 1.20

Male workers in household (No.) 11.95 9.97 12.43 9.99
Female workers in household (No.) −0.23 9.05 −0.28 8.94

Spring season (yes = 1) 38.28 * 19.92 39.32 ** 19.70
Semi-pucca house 50.26 ** 25.01 54.67 ** 25.30

Kutcha house 10.99 32.45 10.06 32.25
District (Dang = 1) −2.36 26.28 −2.84 26.07

Model intercept 196.95 85.37 235.65 86.84
Sigma 145.57 *** 8.09 144.41 *** 8.10

Log-pseudolikelihood −421.95 - −418.70 -
Wald chi2 statistics 91.79 *** - 100.10 *** -

Number of observations 404 - 404 -

***, **, * = statistically significant at 1%, 5%, and 10% levels, respectively. SE = standard error. # interaction.
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A farmer with sheep/goats was significantly more willing to pay an additional price
for a heat-tolerant variety compared to a farmer with no sheep/goats. Soil depth indicates
the quality of soil and fertility. Farmers with plots with good soil depth/quality were
willing to pay more for Rampur Hybrid-10 compared to maize growers with poor soil
quality. Male farmers were mostly the decision makers on the type of variety to be grown
(local/improved/hybrid) and the price to pay for it. The exposure of male farmers to
extension sources was greater compared to women. As a result, more male workers in
households were willing to pay a premium price for the heat-tolerant trait than female
workers but with no significant difference. With respect to season, farmers growing maize
in the spring season were significantly more WTP a premium price for heat-tolerant hybrids
compared to those who grew winter-season maize. In the spring season, farmers planted
maize after harvesting mustard or potatoes. Increased irrigation sources and facilities
enable farmers to grow three crops in a year. Spring- and summer-season maize are more
exposed to heat stress, with up to 75% yield losses reported due to heat stress [30]. It is
projected that heat-tolerant maize varieties could minimize yield losses from current maize
varieties by up to 36% and 93% in 2030 and by up to 33% and 86% in 2050 under rainfed and
irrigated conditions, respectively [9]. The type of household positively and significantly
influenced the WTP for heat-tolerant maize hybrids. Farmers living in semi-pucca homes
were ready to pay the premium price compared to farmers in pucca houses. The major
source of income of farmers in semi-pucca houses was agriculture, and for those in pucca
houses, remittances and off-farm income contributed the major source of income.

4.6. Mean WTP for Heat-Tolerant Hybrids and the Relationship between Land Ownership and
Hybrid Adoption

The mean WTP for heat-tolerant maize hybrids across land holdings and the type of
variety grown is presented in Table 6. The results are based on the prediction from the WTP
interval regression model, as specified in Table 5 (model 2). The result shows that the mean
WTP for heat-tolerant maize hybrids was NPR 557.57/kg (USD 4.72), and this amount is
71.37% more than the current average seed cost of NPR 325.36 (USD 2.77)/kg, considering
overall seed sources, including subsidized seed. The average price paid by farmers for
maize seed without subsidy was NPR 470.06/kg. This means that without subsidies farmers
are WTP an 18.62% premium for heat-tolerant varieties compared to the average seed price
paid for another commercial hybrid. These results match those of a study [44] that found
that consumer WTP was 13.8% higher than the average price of non-genetically modified
(GM) maize meal. They are also in agreement with a study in Zimbabwe that found
drought tolerance to be the most preferred trait among smallholder Zimbabwean farmers
compared to other traits such as yield, cob size, and flint texture [50]. A study revealed
that Ethiopian farmers have been willing to sacrifice 3.1 quintals/0.25 ha yield to have the
drought tolerance trait in a variety [51]. The Nepalese government gives a 50% subsidy
on national hybrid maize seeds to promote the adoption of heat-tolerant hybrid seeds
among farmers. If farmers receive maize hybrid seed from their co-operatives, distributed
through the Prime Minister Agriculture Modernization Project (PMAMP) and the Smart
Krishi village project, they receive a 50% subsidy. The subsidized seed price of Rampur
Hybrid-10 is NPR 236.52 (USD 2.00)/kg, whereas the price is NPR 405.15 (USD 3.43)/kg for
other conventional hybrids that exist in the market. The seed price of Rampur Hybrid-10 is
less because it is produced and marketed by Nepalese seed companies and transportation
and storage costs are minimized, whereas the high seed price of a conventional hybrid
is because it is imported from India and includes transportation, storage, and marketing
costs. The price of Indian hybrid maize seed ranges from NPR 270 (USD 2.27) to NPR 800
(USD 6.77)/kg without the subsidy. Without considering the subsidy, farmers are willing
to pay NPR 557.57 (USD 4.72)/kg for Rampur Hybrid-10. Farmers receive a good quality
heat-tolerant maize hybrid with a reasonable seed price due to the advantage of seed being
produced by local seed companies. In order to obtain good quality seed, farmers in Kenya
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were willing to pay a 15% premium, on average, for bags purchased directly from the seed
company compared to mint condition bags purchased from local retailers [52].

Table 6. Relationship between land ownership, hybrid maize adoption, and WTP for heat-tolerant hybrids.

Land Owned (ha)
Number of Households Mean WTP (NPR/kg)

Mean
DifferenceHybrid Maize

Adopters
Non-Adopters/

OPV Overall Hybrid Maize
Adopters

Non-Adopters/
OPV Overall

≤0.50 141 33 174 593.89 418.40 560.61 175.49 ***
0.51–1.00 115 7 122 573.27 446.67 56,600 126.60 ***
1.01–1.50 43 5 48 544.44 457.42 535.37 87.02 **

>1.50 58 2 60 551.95 475.10 549.39 76.85
Overall 357 47 404 574.46 429.18 557.57 145.28 ***

*** and ** = statistically significant at 1% and 5% levels, respectively.

Hybrid maize growers were WTP NPR 574.46/kg for heat-tolerant maize hybrids,
whereas OPV farmers’ WTP amounted to NPR 429.18/kg; the difference was statistically
significant, and hybrid growers were WTP an NPR 144.28/kg premium for a heat-tolerant
maize hybrid. A significant difference was observed between the WTP among hybrid maize
adopters and non-adopters (those growing OPVs/local varieties). As the land holding sizes
of hybrid adopters increased, the WTP for heat-tolerant hybrids slightly decreased, whereas
as land holding increased, the WTP of non-hybrid adopters increased (Table 6). Therefore,
government extension agencies need to focus on promoting heat-tolerant maize hybrids
among OPV maize farmers in order to deliver climate-smart agriculture technologies
to them.

4.7. Demand Heterogeneity

The mean WTP for heat-tolerant maize hybrids across the years of cultivation and
membership in farmers’ networks is presented in Table 7. The result is based on the interval
regression model in Table 5 (model 2). The results show that the mean WTP for farmers
who did not have any experience in maize hybrid cultivation was NPR 429.17/kg. Farmers
with 5 years of experience or less were willing to pay NPR 549.34/kg, which was 28%
more than what farmers with no experience were willing to pay. Farmers with more than
5 years of experience were willing to pay NPR 595.55/kg, which was 8.41% more than
what farmers with 1 to 5 years of maize hybrid cultivation were willing to pay and 38.77%
more than what farmers with no experience were willing to pay. It is clear that there was a
positive relationship between the WTP and experience in hybrid maize cultivation.

Table 7. Estimated WTP for heat-tolerant maize hybrids based on whether farmers were growing
hybrid maize, their membership in farmer networks, and the gender of the household head.

Mean WTP, Predicted
(NPR/kg) SD of WTP Mean Difference

Years of hybrid maize cultivation
None 429.17 74.92 -

1–5 years 549.34 88.68 120.17 ***
>5 years 595.55 65.44 166.38 ***

<5 years and >5 years 595.55 88.68 46.21 ***
Member of farmers’ network
Not a member of any group 472.91 94.69 -

Member of any group 571.77 76.84 98.95 ***
Member of co-operative 569.52 77.06 96.61 ***
Member of farmers’ club 602.94 71.03 130.03 ***

Member of both co-operative and
farmers’ club 610.75 69.88 137.84 ***

Gender of household head
Female 504.21 100.18 -
Male 562.48 83.88 58.27 ***

*** = statistically significant at the 1% level. Exchange rate USD 1 = NPR 118.13 [41].
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Farmers affiliated with any network group were willing to pay 20.90% more than those
not affiliated with any farmer group [39]. Farmers who were members of a co-operative
society, farmers’ club, or both were willing to pay 20.42%, 27.50%, and 29.15% more,
respectively, than those not associated with any group. Finally, male-headed households
were willing to pay 11.55% more than female-headed households.

The demand curves for heat-tolerant maize varieties in relation to years of experience
in hybrid maize cultivation is presented in Figure 3, and the demand curves in relation to
their membership in farmers’ network groups is presented in Figure 4. Overall, all demand
curves were elastic. The demand curve with zero years of experience in hybrid maize
cultivation and the demand curve of households that were not a member of any group
were highly elastic compared to the other groups. Farmers with more years of hybrid
maize cultivation had a higher demand for heat-tolerant varieties than those with few
years of experience, and as the experience increased, the demand for heat-tolerant varieties
increased. Farmers with membership in network groups had a higher demand curve than
those who were not members. The Government of Nepal has been promoting activities
to increase the adoption of hybrid maize in the Terai region and other regions of Nepal.
Liberalizing the hybrid maize seed market in 2011 created an opportunity for regional
seed companies to enter the Nepalese market and formally register their hybrids [35]. The
results of the differential demand curves could be useful to the private sector in quantifying
the potential market for heat-tolerant maize varieties in maize-growing regions.
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Figure 3. Estimated farmer demand curves for heat-tolerant maize varieties in relation to years of
hybrid maize cultivation.
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Figure 4. Estimated farmer demand curves for heat-tolerant maize varieties in relation to membership
in network groups.

5. Conclusions

Temperature is a major environmental factor that determines maize’s physiological
development and yield. Extremely high and low temperatures coincide with critical
stages of crop growth, such as the reproductive stage, with adverse effects on crop yield.
The development of heat-tolerant maize varieties is needed to enhance the resilience of
maize production under heat-stressed conditions. Global research institutions such as the
International Maize and Wheat Improvement Center (CIMMYT), in collaboration with
national research stations such as the National Maize Research Station (NMRP, Nepal),
developed heat-tolerant hybrids to address heat stress issues. In this context, the current
study assessed smallholder farmers’ WTP for heat-tolerant maize hybrids in the Terai region
of Nepal. Our results show that education, owned land, the interaction of hybrid adopters
and own land, the number of goats/sheep owned, and households living in semi-pucca
homes influenced the WTP for heat-tolerant maize hybrids. Our results demonstrate that
farmers’ average WTP was 71% higher than the actual price of other conventional maize
varieties, including all seed sources.

The findings of this study show a heterogeneous demand for heat-tolerant maize
varieties with respect to years of experience in hybrid maize cultivation, membership in
networks, and the gender of the household head. We found that among farmers with more
than 5 years of experience in hybrid maize cultivation, the WTP was 38% more than among
farmers with no experience in hybrid maize cultivation or those who have cultivated OPVs
and local varieties. This shows that farmers who adopt hybrid maize obtain a greater yield
advantage compared to OPVs, which is the reason why they are willing to pay a premium
price for heat-tolerant maize hybrids. In-country seed production of Rampur Hybrid-10
further enhanced the overall maize seed ecosystem in the country.
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Policy Implications

1. Since OPVs cannot fulfil the increasing demand for maize, agriculture extension
agencies and seed companies should target farmers growing OPV maize in their
promotion of heat-tolerant maize hybrids.

2. Imparting training on cultural practices in hybrid maize cultivation at the village level
will speed up adoption.

3. Increasing demand for hybrid maize seed among farmers and a shortage in the supply
of domestic hybrid seed provide an opportunity for domestic seed companies to
produce hybrid seed that not only increases production and productivity but also
reduces import costs.

4. The Nepalese government is promoting the adoption of hybrid and heat-tolerant
maize through different distribution and promotional schemes. The government
could devise a policy wherein hybrid seed is subsidized only if it is produced by
domestic seed companies, or it could give more incentives for locally produced hybrid
seed instead of importing hybrid seed.

5. Involving 13 private seed companies in heat-tolerant maize hybrid seed production
has been one of the biggest outcomes of the HTMA project and a great example of
public–private partnership in the research, development, and deployment of new
stress-resilient varieties in partner countries. Continuing the project collaboration
with the National Maize Research Program (NMRP) under NARC and with private
seed companies with the technical support of CIMMYT for the next five years could
achieve excellence in breeding techniques and increase seed production per unit area
in Nepal.

6. Strengthening backward and forward linkages for the commercialization of domestic
maize hybrids through NMRP, in collaboration with PMAMP and other private
partners, will enable domestic companies to invest in hybrid maize seed production
for the sustainable development of the maize seed ecosystem.

7. Nepal’s good network of co-operative societies can be used as outlets for the distri-
bution of heat-tolerant hybrids directly from seed companies so that they are made
available to farmers at a reasonable price.
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production in Nepal.
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Appendix A. Format of Willingness to Pay Questionnaire

Maize breeders are developing varieties that are less affected by heat stress at flowering
stage. Other production and consumption characteristics of the varieties (e.g., yields under
normal conditions, grain quality, and green fodder mass, etc.) will be the same as those
currently available. But this seed will make your yield more stable under heat stress.

1.1 Whether your favorite maize variety is heat tolerant at the flowering state?
Yes = 1
No = 0

No idea = 3

1.2 Would you be willing to pay NPR 500/kg for this improved seed that is more likely adapted to heat stress at flowering stage? Yes = 1
No = 0

1.3 If yes, would you pay NPR 600/kg Yes = 1
No = 0

1.4 If no, would you pay NPR 350/kg Yes = 1
No = 0

1.5 Do not want to buy the variety seed at the given price
1 = Do not

want to buy
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