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Abiotic stresses (drought, heat) are one of the major impediments to enhancing the maize productivity of marginal farmers in the facet of climate change. The present study attempts to investigate the impact of heat-tolerant maize hybrid on yield and income in the Terai region of Nepal. This study uses cross-sectional farm household-level data collected in August 2021 from a randomly selected sample of 404 rural households. We used a doubly robust inverse probability weighted regression adjustment method to obtain reliable impact estimates. Adoption of heat-tolerant hybrid increases yields by 16% and income by 44% in the spring season (a stress condition). Overall, yield increases by 12%, net income by 31%, saving of 40% in seed costs, and per capita food expenditure increases by 8.50%. Hence a conducive environment must be created for scaling up heat-tolerant maize varieties to increase productivity, minimize risk, and transform of the maize sector.
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1. Introduction

Maize is cultivated on nearly 202 million hectares globally and contributes approximately 44% (1,162 million tons) to global grain production. As a result of the research and development of breeding technologies, world maize productivity increased by 33% over the last two decades (2000–2020) (FAOSTAT, 2022). It is an important staple food in many countries in the world. As maize has multiple uses—food, feed, fuel, and for industrial use –potential demand for it rises throughout the year globally. Maize is used by industries in Asia thus: 65–70% for the feed industry, 20% for industrial applications, 6–8% in the food industry, and 2–5% for seed and other uses (FICCI, 2015). Concerning Nepal, maize is the second most important cereal crop cultivated on 0.96 million hectares, with a total production of 2.84 million tons with a productivity of 2.96 tons/ha in 2020 (FAOSTAT, 2022). It is widely grown in all three agroeconomic zones of Nepal: Terai and Inner Terai (below 900 msl), the mid-hills (900–1,800 msl), and high hills (above 1,800 msl). Per capita consumption of maize is 98 g per day in Nepal, which is the highest among South Asian countries (Ranum et al., 2014). Hybrids and open-pollinated varieties (OPVs) occupy 12–15%, and 85–88% of the total maize area in the country, respectively (Koirala et al., 2020a,b). Low seed replacement rate and wide yield gap between actual (2.84 t ha-1) and potential yield (6.50 t ha-1) of maize at the farmer level (Koirala et al., 2020c) are the major reasons for lower production and productivity of the crop. The seed replacement rate of maize is 15.56% in 2018–19 (MoALD, 2021) which should be increased to 33% by 2025 (SQCC, 2013).

Agricultural output is a collective action of climatic conditions over a period. We have been hearing the words “climate change” for the last two decades but now we are actually experiencing the effect of climate change on the agricultural ecosystem. As an effect of climate change, abiotic stresses such as drought, heat stress, flood, long dry spells, become major impediments to maize production in maize-based agro-ecologies, including Nepal. Preceding studies on Nepal show that no change in the total amount of annual precipitation but the unreliable pattern of fewer rainy days with high-intensity of rainfall (Shrestha et al., 1999; Baidya and Karmacharya, 2007) causing prolonged drought and flood-like situations. The winter season of 2006–2008 was usually reported as dry. More than 150 droughts were reported in a period of 36 years (1971–2007) affecting more than 330,000 ha of agricultural land in Terai and Western hills/mountains of Nepal (NSET, 2009). Furthermore, there has been a substantial rise in the incidence of hot nights and a substantial decrease in the incidence of cold days and nights. Hot nights have surged by 2.5% (McSweeney et al., 2008). Mean temperature across Nepal is projected to increase by 0.5 to 2° C by the 2030s, 1.7–4.1°C by the 2060s, and 3.0–6.3°C by the 2090s (NCVST, 2009; Bhusal, 2019). The frequency of “hot days” (the hottest 5% of days in the period 1970–1999) in the pre-monsoon period are projected to increase by 15–55% by the 2060s, and 26–69% by the 2090s (NCVST, 2009).

Heat stress can be defined as temperatures above a threshold level that results in irreversible damage to crop growth and development and is a function of intensity, duration, and the temperature increase rate (Larkindale et al., 2005; Zaidi et al., 2016). In maize, the favorable soil temperature for seedling growth is 26°C, and when this temperature rises, root and shoot mass both decline by 10% for each degree of increase until 35°C when growth is severely retarded (Walker, 1969). The most critical stages for heat stress are from tassel emergence to early grain filling (Nejad et al., 2017; Thayil et al., 2020). At elevated temperatures, the number of fertilized ovules that develop into grain decreases (Schoper et al., 1987a,b). Pollen produced under elevated temperatures has reduced viability (Herrero and Johnson, 1980; Schoper et al., 1986, 1987a,b; Dupuis and Dumas, 1990; Lizaso et al., 2018; Prasanna et al., 2021) leading to poor grain setting. For every day with temperature above 30° C grain yield was reduced by 1% and 1.7% under optimal rainfed and drought conditions, respectively (Lobell et al., 2011). Lobell and Burke (2010) suggested that a 2°C increase in temperature would result in a greater decrease in maize yields than a 20% decrease in precipitation. Spring maize, grown in the maize-rice system is estimated to account for about 15.5% of the total maize in Nepal. Yield loss of spring and early summer maize reaches up to 75% due to heat stress (Koirala et al., 2017) which causes leaf scorch, silk damage, and panicle shock, which relies upon at the crop's stage, severity, and duration of stress (Monsanto, 2012). These reports highlight the need to incorporate tolerance to heat stress into the maize germplasm. The development of climatic-resilient maize hybrid is an appropriate option to deal with such climatic uncertainties (Acharya and Bhatta, 2013). In recent years, plant breeding techniques focus on the development of heat-tolerant crop varieties intended to help marginal farmers to mitigate weather stress. Studies conducted by Simtowea et al. (2019) found that the adoption of drought-tolerant maize varieties (DTMVs) increased yield by 15% over non-adopters in Uganda. Wossen et al. (2017) conducted a study in Nigeria and found that adoption of DTMVs increased maize yields by 13.3% and reduced the level of variance by 53%. Lunduka et al. (2019) found that adopters received 617 kg/ha more yield as compared to non-adopters and a change in varieties to drought-tolerant maize seeds give an extra income of USD 240/ha or more than 9 months of food at no additional cost. Manda et al. (2018) used Inverse Probability Weighted Regression Adjusted (IPWRA) methods to estimate the treatment effects and it showed that per capita food expenditure and the probability of food security increased by ZMK 127,000 (USD 24) and 21 percent with improved maize adoption, respectively in Eastern Zambia. Most of the adoption and impact of abiotic stress-resilient maize varieties studies were carried out in Africa, very few were observed in Asia (Kulkarni et al., 2022). To reduce the observed literature gap, the study has been conducted in Nepal where seeds of Heat-Tolerant Maize Hybrid (HTMH) are deployed by seed companies. HTMHs have been developed in a collaborative effort by the International Maize and Wheat Improvement Center (CIMMYT), National Maize Research Program (NMRP) and deployed with the help of private seed companies in Nepal.

The main objectives of this paper are twofold: (1) to investigate the determinants of adoption of heat-tolerant maize hybrid; and (2) to assess the effect of adoption of HTMH on yield and profitability in the Terai region of Nepal. The paper is constructed as follows. The demand for hybrid maize is discussed in Section 2. Data collection methods and analytical framework are summarized in Section 3. Section 4 discusses the descriptive and econometric results. The last section (Section 5) concludes the study and offers policy recommendations.



2. Demand of hybrid maize in Nepal

In the border districts adjacent to India, farmers started growing maize hybrids in the 1980s by importing seeds from India (Thapa, 2013). Demand for maize is continuously increasing as it is being used as food, feed, fodder, and industrial raw materials. OPVs are the result of natural (uncontrolled) pollination between plants, and their genetic diversity can be limited. As a result, it may not have the desired traits that make them responsive to increased inputs such as fertilizers, water, and pesticides. As a result, the yield of OPVs cannot be increased beyond a certain limit even though applying high inputs (Koirala et al., 2021). To increase productivity, hybrid maize research was commenced officially in 1987 (Koirala et al., 2002). The National Maize Research Program (NMRP) released the first maize hybrid (Gaurav hybrid) in 2003 (SQCC, 2013) but “Gaurav” could not reach farmers' fields due to the non-synchronization of male and female parents hindering F1 seed production (NMRP Annual Report 2018). Since then, NMRP has released and registered seven single cross-hybrids in collaboration with the International Maize and Wheat Improvement Center (CIMMYT). Hybrids, namely Rampur Hybrid-2 (2012), Khumal Hybrid-2 (2014), Rampur Hybrid-4 (2016), Rampur Hybrid-6 (2016), Rampur Hybrid-8 (2018) and Rampur Hybrid-10 (RH-10) (2018) are available in the market SQCC (2022). Out of these, Rampur Hybrid-8 and Rampur Hybrid-10 are heat-tolerant single cross hybrids. The area covered under hybrid maize seed was only 150,000 ha up to 2019, (National Seed Vision (NSV): 2013–2025, 2020). NMRP and CIMMYT have licensed RH-8 and RH-10 to local seed companies to speed up the pace of hybrid seed production and distribution in the country. A total of 59 hybrids are registered between 2010 and 2018, of which seven were released and registered for NMRP Rampur release and 52 are hybrids of multinational companies (Kandel, 2021).

Even though seven hybrid varieties have been released, hybrid seed production is in the nascent stage compared to country demand. Nepal relies heavily on imported hybrid seeds to fulfill local demand. Demand for maize hybrid seed increased from 20 tons in 2008 (Paudel et al., 2022) to 27,754 tons in 2019–20, which created a trade deficit of USD 9.76 million (MoALD, 2021). Moreover, importing hybrid seed increases the price, and restrain farmers from adopting hybrid seeds. In Nepal, the growth rate of the livestock population enhanced from 0.73 to 1.23% per annum for the 20-year period from 1994/95 to 2014/15 (Upadhyay et al., 2017), which increased the demand for maize for animal feed production. Out of the total maize used for feed production, 87% was imported from India each year by feed industries (Gairhe et al., 2021). Nepal imported 421 million tons of maize which constitutes a value of USD 116 million (MoALD, 2021). To enhance the adoption of hybrids, the Government of Nepal, implemented a subsidized hybrid maize seed distribution program through the Prime Minister Agricultural Modernization Project (PMAMP) and the Climate Smart Agriculture Project implemented by the Lumbini provincial government. To meet the demand for hybrid maize, NSV (2013–25) foreseen the development and promotion of 12 and five maize hybrids by the public and private sectors, respectively, by 2025.



3. Materials and methods


3.1. Data

Data used in this study come from a farm-household survey conducted in August 2021, just after 15 days of lifting the restrictions of the second COVID lockdown in villages of the Terai region of Nepal. CIMMYT Asia conducted the survey in collaboration with NMRP, Rampur, Nepal, under the project Heat Tolerant Maize for Asia (HTMA). Trained researchers using structured questionnaires created through computer-assisted personal interviewing (CAPI) software with validation to minimize data entry errors and save time for face-to-face interviews. The questionnaire generated information on household demographics, socio-economic status, agricultural landholding, agricultural input use for maize cultivation and outputs, maize varieties cultivated, and sources of income and expenditure. The data was collected from two districts in the Terai region of Nepal, namely Banke and Dang, which were intentionally selected based on the deployment of RH-10 hybrid by Nepali seed companies and the maize area under cultivation (Figure 1). Seed companies distributed seeds to farmers of RH-10 through the Prime Minister Agricultural Modernization Project (PMAMP) and Climate Smart Agriculture Programs via co-operative societies. From Banke (Nepalgunj) district, Khajura and Duduwa rural municipalities were selected, whereas from Dang district, Rapti, Gadawa, Rajpur rural municipalities, and Lamahi municipality were selected purposely based on seed deployment of RH-10 through co-operatives societies. Adopter farmers and non-adopter farmers were selected randomly from the same and nearby villages for the study. From Banke district 146 maize growing farm households (71 adopters and 75 non-adopters), and from Dang district 258 maize growing farm households (121 adopters and 137 non-adopters) were selected which forms the full sample size of 404 (192 adopters and 212 non-adopters) farmers for the study.


[image: Figure 1]
FIGURE 1
 Map of Nepal showing study sites.




3.2. Empirical framework

The major objective of this study is to analyze the impact of the adoption of heat-stress tolerant maize hybrid (RH-10) on yield and income. We used the average treatment effect. It is defined as the change in an outcome affected from one subject (often an individual) receiving one treatment instead of another. The causal effect is measured by the average treatment effect (ATE), which is the average difference in outcomes of households adopting improved maize with and without the technology (Takahashi and Barrett, 2013). The potential outcome is the outcomes we would observe under each possible treatment option. The potential outcome is what we would observe if we set treatment to certain values, such as treated vs. untreated.
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Where E–Expected values

Y1-Potential outcome if population treated with treatment (A) = 1

Y0-Potential outcome if population treated with treatment (A) = 0.

The expected value of this difference in the potential outcome is a causal effect because we are comparing the same population of farmers. The only different factor is treatment. So, in one case we give everyone treatment A = 0, in the other case, we give everybody A=1. So, we have isolated the treatment effect in that sense. We use the IPWRA estimation method proposed by Wooldridge (2010) as our primary estimator. IPWRA combines inverse probability weighting (IPW) and regression adjustment (RA) methods to estimate the treatment effect. IPW weights the observations by the inverse of their propensity score, which is the probability of receiving the treatment given observed covariates. RA involves fitting a regression model to the outcome variable, controlling for the observed covariates. By combining these two methods, IPWRA aims to balance the covariates between the treated and untreated groups and estimate the treatment effect. Doubly robust estimators, on the other hand, use both the outcome modeling strategy of RA and the treatment modeling strategy of IPW. These estimators are called doubly robust because they provide consistent estimates of the treatment effect if either the outcome model or the propensity score model is correctly specified. This property makes doubly robust estimators more robust to model misspecification than either IPW or RA alone. Overall, both IPWRA and doubly robust estimators are useful methods for estimating causal effects in observational studies where randomization is not possible.

In the IPW method, for subjects who did receive treatment, the weight is equal to the reciprocal of the predicted probability of treatment. For subjects who did not receive treatment, the weight is equal to the reciprocal of the predicted probability of not receiving treatment; the probability of not receiving treatment is just one minus the probability of receiving treatment:
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A sample of data from n farmers with independent individual covariates (Xi) and identically distributed treatment indices (Ti) i 1, …n. Propensity scores are unknown and estimated based on observed covariates and treatment allocation. Let πi be the estimated propensity score and let T() be the treatment indicator function, if the condition is met, the value is 1 and otherwise 0. The inverse probability-weighted estimate of treatment-specific effect is given by Wooldridge (2010) with the following estimating equation:
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Where,

n = number of people in the population

Ti=1 if treated, otherwise 0

Yi= Outcome variable

πi(Propensity score) = P(T = 1∣Xi)

Any type of estimator using the propensity score requires three assumptions: consistency, exchangeability, and positivity. Consistency means that the treatment assignment should not be affected by any unobserved or unknown factors that may influence both the treatment assignment and the outcome of interest. Exchangeability, means that the treatment assignment is random or as-if random, and there are no confounding factors that are related to both the treatment assignment and the outcome. Positivity is the assumption that all subjects have a non-zero probability of receiving each treatment: 0 <Pr (A = 1) <1.




4. Result and discussion


4.1. Descriptive statistics

Table 1 presented descriptive statistics of some explanatory variables used in the study disaggregated by adopters' households' status. About 92% of the households were male-headed. The average age of the household head was 50.53 years, with adopting households reported as being 2.66 years significantly older than non-adopters. An average household comprised of 6.86 persons, with adopting households reporting larger households (7.03 persons) as compared to the non-adopters (6.71 persons). The average landholding was 0.92 ha in the sampled households. Per capita per person landholding size was 0.15 ha and adopting households have significantly larger landholding than non-adopters. Household size and landholding indicated over-dependency on agriculture. The average land allocated to maize crops was 0.27 ha. Only 11% of households used tractor-drawn seed drills for sowing, whereas 69.80% of households used dibbling method of sowing. A significant difference was observed with respect to formal group membership; among the adopters, 93% of households were members of a co-operative society/SHG whereas it was 79% of households among non-adopters. Significant differences were observed in sources of agriculture information; adopter farmers had more access to agricultural co-operative societies and agriculture extension offices whereas non-adopters accessed agrovets, friends/relatives. Average maize seed cost was NPR 7,353/ha, with an adopting household reporting significantly lower seed cost (NPR 5,366/ha) compared to non-adopters (NPR 9,153/ha). Seed price of RH-10 hybrid was NPR 3,787/ha lower than non-adopter maize hybrid. With respect to inputs used, no significant differences were observed in fertilizer, manure and number of irrigations given. Average maize grain yield reported was 42.35q/ha and adopter households had a significantly higher yield (44.25 q/ha) compared to non-adopters (40.63 q/ha). Adopter farmers received 3.62 q/ha—a significantly higher yield than non-adopters. As adopter farmers were located closer to the input dealer and government extension offices as compared to non-adopters, a significant difference was observed in years of awareness of new hybrids in them as compared to non-adopters. Out of the total sample households, 59% of farmers grew maize in the spring season, with adopters showing a significant 66% as compared to 53% in non-adopter farmers. The nature of the soil in the Dang district is sandy loam soil whereas the Banke district site represents clay type of soil with poor drainage. Farmers prefere good soil depth in plots for new varieties as compared to conventional maize hybrid. Adopting households had a 7.69% higher per capita food expenditure (PCFE) (NPR 27,953 or USD 238.18) compared to non-adopter farmers (NPR 25,953 or USD 221.14).


TABLE 1 Selected socio-economic characteristics of sample respondents.
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4.2. Climatic condition of study location

Suitable climatic conditions and cultural practices can lead to attaining the potential yield of the maize crop. But climatic conditions beyond control leads to low yield and financial loss. In rainfed agriculture, long dry spells, moisture stress, high temperature at critical stages increase the yield loss of farmers. Even in optimal climatic conditions during the winter season, differences in day maximum-night minimum temperature increases are one of the important climatic factors that influence increasing the average yield. With respect to crop diversity and water availability, after harvesting mustard-potato, in the study locations, farmers prefer maize in the spring season as compared to other crops. In the spring season, sowing takes place in January and February months whereas pollination happens in the March-April months. <33°C is the optimal temperature for plant growth, 33°C−36°C is referred as a moderate stress condition, 36°C−40°C is a stress condition and >40°C is severe stress condition, drastically affecting most of the physiological process of plant growth (personal communication with P.H. Zaidi). In general, spring maize segment in South Asia comprises >37°C temperature leads to heat-stress (Thayil et al., 2020). Day maximum-minimum temperature data was collected for January 2020–April 2021 from the Directorate of Agricultural Research, Khajura, Banke (Nepalgunj) district at the time of the survey, and given in Figure 2. The graph (below) reveals that, at the time of pollination, which overlaps in March-April months, the maximum temperature was 33°C in March and 38°C in April 2020, whereas in 2021 it was 37.40° C in March and 40.40° C in April, which is beyond the critical limit for pollen viability, stigma receptivity, formation of the pollen tube and for crop development – thus drastically affecting fertilization and early grain filling. In the spring season, the average temperature ranges from 15°C to 25°C whereas the maximum temperature ranges from 33°C to 40.40°C. The previous climatic study showed that the physiological functions of plants are affected adversely when the temperature goes beyond 35°C (Walker, 1969; Traore et al., 2000; Chaubey et al., 2016), and here the need for heat-stress resilient maize hybrid comes into action. Therefore, the development and deployment of heat-resilient varieties is an appropriate option or risk mitigation strategy to deal with the negative impacts of climate change (Acharya and Bhatta, 2013).


[image: Figure 2]
FIGURE 2
 Maximum, minimum, and average temperature in the study location. Source: directorate of Agricultural Research, Khajura, Banke, 2021.




4.3. Cost of cultivation of adopters and non-adopters of RH-10 hybrids

Cost of cultivation disaggregated by heat stress resilient maize hybrid adopters and non-adopters are presented in Table 2. Low landholding and more family members dependent on agriculture leads to most of the agricultural work being done through family labor alone. A significant difference has been observed in the seed cost of adopters and non-adopters. The seed cost of the heat-tolerant hybrid was NPR 3,787/ha lower than the cost of the conventional hybrid seed. This is because the production and deployment of heat-tolerant maize hybrid (RH-10) is done by Nepali local seed companies. As RH-10 hybrid seed produced by local Nepali seed companies has their own seed processing unit in core maize production districts in Nepal and this enables a price advantage to farmers by way of low transportation and marketing costs as compared to conventional hybrid seed which is mostly produced by multi-national companies (MNCs). MNCs' hybrid maize seed coming from India involved huge transportation, storage, import, and other taxes which increases the seed cost to farmers. But being local seed companies can give a price advantage to farmers. We didn't find any noticeable difference in fertilizer cost. It is observed that the use of weedicide is negligible in the study location. Only 39% of farmers used threshers for threshing maize, indicating that 61% of households still do manual threshing because of the availability of family labor, which increases the total labor cost.


TABLE 2 Cost of cultivation of adopters and non-adopters of RH-10 hybrid (values in 000 NPR/ha).

[image: Table 2]

Paid-out cost of adopters was significantly less by NPR 4,032/ha than of non-adopters because of reasonably low locally produced hybrid seed sold by Nepali seed companies. The family labor cost of adopter farmers was slightly more because more labor is required for harvesting and threshing the additional yield, but the difference is not significant. Total cost of maize cultivation for adopters was NPR 76,397 whereas for non-adopters it was NPR 78,284/ha which matches with the earlier studies of Paudel et al. (2022). The total cost of adopters was less by NPR 1,887/ha as compared to non-adopters. Adopter farmers received 3.62 quintals extra which is a significant rise (at 5%) in yield/ha as compared to non-adopter farmers. A significant notable difference was also observed in dry fodder and grain income. Adopter farmers received an additional net income of NPR 13,716/ha because of the two-way benefit that is saved in seed cost and from additional yield.



4.4. Partial budget for RH-10 hybrid

Partial budgeting is a financial analysis tool used in business and agriculture to evaluate the potential impact of a specific change in a farm business operation or production process. In our case, the change is the adoption of the RH-10 heat-tolerant maize hybrid, while other things stay the same. Given the one change of adopting RH-10 by farmers, what will be the effect on cost and returns? This will be answered through partial budgeting. With respect to full sample size, adopter farmers get 3.62 q/ha additional yield, and two more laborers are also needed as more operations are needed for the extra yield. Because of the RH-10 hybrid, adopter farmers saved NPR 3,787 in seed cost (Table 3). Adopter farmers received NPR 12,541.5 additional income over non-adopters. With respect to seasons, adopter farmers received NPR 17,379.75 additional income in the spring season (Table 4), whereas in the winter season adopter farmers received at par yield, even though adopters received positive income (NPR 2,232 [USD 14.68]) because of farmer savings in seed cost of RH-10 (Table 5).


TABLE 3 Scenario 1: partial budget of RH-10 for full sample size (regardless of location and season).
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TABLE 4 Scenario 2: partial budget of RH-10 for spring season.
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TABLE 5 Scenario 3: partial budget of RH-10 for winter season.
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4.5. Determinants of adoption of heat-tolerant maize hybrid (RH-10)

The maximum likelihood of estimates of the logit model of adoption of heat tolerance maize hybrid in Nepal's Terai region is presented in Table 6. It indicates the driving forces behind the farmer's decision to adopt agricultural technologies. Household size or active family labor force positively affected the adoption of heat-tolerant maize hybrid in the study location. This reflects the importance of family labor (as evidenced by the number of worker family members) in cultivating the new heat-tolerant maize varieties. Labor cost in Nepal is higher because of the higher migration rate to other countries. But the family members working in nearby districts come back to work on farms at the time of agricultural practices such as sowing (dibbling), weeding, harvesting, and threshing. During the peak time of sowing and harvesting, families with small household sizes could face labor shortages and will have to pay more wages for hired labor to perform timely agricultural practices. The positive effect of household size is also in harmony with Gebremedhin et al. (2009) and Manda et al. (2018) for improved maize varieties.


TABLE 6 Logit estimation of adoption of heat-tolerant maize hybrids in the Terai region of Nepal.
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To adopt newly introduced varieties, farmers need to be aware of the varieties available in the market. Sometimes, the lack of awareness of new technology may lead to hindering the adoption. Results indicated that those farmers whose major source/access to agriculture information are agriculture extension offices and co-operative societies, are more likely to adopt as compared to farmers who get information from agrovets and other sources like friends/relatives. In villages, the agrovet is one of the major sources of agricultural information, but most of the time they promote those technologies which deliver a higher margin to them. The seed producers of RH-10 hybrid have kept seed prices reasonable by using co-operative societies and agriculture extension offices. Farmers who have frequently visited government extension offices and members of social networks (like co-operative societies) experiment more with new maize seeds. This positive effect of sources/access to information is consistent with Shiferaw et al. (2008) for improved pigeon pea varieties in Tanzania, Kristjanson et al. (2005) for cowpea varieties, Kaliba et al. (2000) for maize varieties, and Geberessiliese and Sanders (2006) for sorghum in Ethiopia. Adegbola and Gardebroek (2007) report that extension officers positively correlated with improved maize adoption. Sources of seed purchased are also one of the major factors in the adoption of new varieties. Most of the time source of seed purchase influenced the farmer's decision on the adoption of any variety. Our study revealed that when a farmer purchases seed from a cooperative society he has a higher likelihood of adopting heat-tolerant maize as compared to a farmer who purchased seed from an agrovet while keeping other things constant. Farmers having sheep and goats and good soil depth of maize plot were significantly associated with a higher probability of adopting improved maize. The model is correctly predicted within 82.43% accuracy, which means this percentage of variations were explained by these variables.



4.6. Average treatment effect with inverse probability weighted regression adjusted (IPWRA) model

The IPWRA model estimates the result by counterfactual effect with and without treatment effect. Results on the impact of adoption of stress-resilient maize hybrids on three outcome variables—yield, gross income and net income—are presented in Table 7. Analysis was done by full sample size and season-wise. In the full sample size model, adoption of the RH-10 hybrid has a significant and positive impact on yield (quintals/ha), gross income, net income (NPR/ha) and per capita food expenditure. It indicates that adoption of heat-tolerant maize hybrid increases the average yield by 4.53 q/ha or 11.59% more than non-adopting households, irrespective to season. The yield impact had been observed more in the spring season. Adopter farmers estimated yield was 41.41 q/ha and non-adopters was 36.85 q/ha in the spring season. In other words, yield of adopters that can be attributed solely to adoption of heat-tolerant maize hybrid was 5.56 q/ha or 15.51% higher than that of non-adopters. In the winter season also, adopters got 2.79 quintal/ha additional yield over non-adopters, but the difference is not significant. Yield is the first important criterion considered by farmers for maize variety selection. So, this criterion is fulfilled by a new hybrid. The result implies that heat-tolerant hybrid adoption increases productivity. Our findings are similar to earlier studies of drought-tolerant hybrids conducted in different locations (Balaji and Kumar, 2016; Wossen et al., 2017; Manda et al., 2018; Amondo et al., 2019; Lunduka et al., 2019; Simtowea et al., 2019), which indicated that adoption of drought-tolerant hybrids deliver yield advantage and cushion farmers in marginal climatic condition. Outcome model estimate (OME) 1 indicates the factors affecting yield for adopters and OME 0 for non-adopters mentioned in Supplementary Table S1 and the SWOT analysis of RH-10 mentioned in Supplementary Table S2. Many of the variables show a significant effect on yield of adopters and non-adopters. Major sources of agricultural information (co-operatives), number of family members migrated, winter season, years of hybrid maize cultivation and distance to extension offices were found to have positively influenced the yield levels whereas proportionate maize area (%) and distance to input dealers negatively affected on yield for adopter farmers. For non-adopter farmers major sources of agriculture information (co-operatives), winter season, number of migrated members, family size, years of hybrid maize cultivation, distance to extension officers and number of irrigations positively influenced yield while caste, ownership status of sheep and goats, source of seed purchased (co-operative) and district were negatively influencing yield level. In the treatment model, all variables were found to be significant, except sources of information received from agrovet.


TABLE 7 Treatment effect model: inverse probability weighted regression adjustment (IPWRA).

[image: Table 7]

The added contribution of adopting heat-tolerant maize varieties toward net income were estimated at NPR 12,819/ha, in the full sample model. In other words, the net income of adopters that can be attributed solely to adoption of heat-tolerant maize varieties was 31.25% higher than that of non-adopters. With respect to the spring season, net income impact was estimated as NPR 15,486/ha or 43.77% higher than that of conventional hybrid farmers. In the winter season also, the model estimated a positive net income advantage over non-adopters, but the differences were not significant. Adoption of a heat-tolerant maize hybrid has significant and positive impact on per capita food expenditure and the probability of food security. The added contribution of adopting heat-tolerant maize varieties toward wellbeing indicator, per capita food expenditure, was enhanced by NPR 2,223 (USD 18.94) or 8.50% higher than the non-adopter farmers. The model indicated that the heat-tolerant maize (RH-10) hybrid performed better in all scenarios and was best suited for the study location.




5. Conclusion

This paper analyzed the impact of heat-tolerant maize variety(ies) on the yield and profitability of smallholder farmers using primary data from the Terai region of Nepal. The study employed an inverse probability weighted regression adjustment approach that produces estimates that are doubly robust against the selection bias model to estimate the overall impact of RH-10 adopters on yield and income. The result indicated–from all the estimation methods used in this study–that the adoption of heat-tolerant maize hybrid leads to a significant positive impact on yield in the study location of Nepal. The IPWRA model suggested that RH-10 delivered significant yield gain and net income advantage in the spring season (heat-stress condition) whereas it performed at par in the winter (optimal condition) season. The model also shows that households that did not adopt would also have benefited significantly had they adopted improved maize varieties. Partial budgeting illustrates that adopter farmers got two-way benefits: one is yield advantage in stress conditions, and the second is saving in seed cost. In the climate change scenario, stress could occur in any crop physiological stage of plants. Risk mitigation technologies, such as climate-resilient hybrid varieties, could be one of the appropriate strategies to diminish the risk effect on yield and livelihoods of smallholder farmers in marginal areas.

By 2020, there were nine seed companies involved in RH-10 seed production and deployment in Nepal (Gairhe et al., 2021). In-country hybrid seed production (RH-10 and RH-8) enables seed companies to deliver high-quality seed at a reasonable price to compete with MNCs by reducing transportation, marketing and import taxes as well as reducing over-dependency on hybrid seed imports from neighboring countries. R&D programs and government policies should create an enabling environment for developing efficient and effective public, community, and private seed-related organizations. In collaboration with partner institutes with a public-private partnership model, in-country seed production strengthens the seed value chain along with employment generation. To promote the adoption of heat-tolerant maize hybrid, the hybrid seed subsidization program should continue for some more years, and later it should apply only to in-house hybrid produced seed only (excluding the seed subsidy on the imported hybrid seed). The significant impact of the heat-tolerant maize hybrid is a remarkable result because maize is the second most produced cereal crop by smallholder farmers in Nepal as it accounts for the second largest share of production by volume, and it is produced by more than 2.5 million farming households in the country. Hence, it can significantly contribute to smallholder farmers' economic and social development.
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Variables Full sample (404) Adopters (192) Non-adopters (212) Mean difference

Mean SD Mean Mean SD
Gender of household head (M = 1, F = 0) 0.92 0.28 0.92 0.28 0.92 0.28 0.00
Age of household head (years) 50.53 11.84 51.93 11.76 49.27 11.80 2.66**
Years of education (years) 6.71 4.59 6.86 4.65 6.58 453 0.28
Household size (numbers) 6.86 3.80 7.03 3.78 671 3.82 0.32
Caste- Brahmin/Chhatri (yes = 1) 0.30 0.46 033 0.47 0.27 044 0.06
Group membership (yes = 1, otherwise = 1) 0.86 0.35 0.93 0.26 0.79 0.41 0.14*
Leased-in land (yes = 1, otherwise = 0) 0.21 0.40 0.19 0.40 0.22 0.41 —0.03
Own landholding (ha) 0.92 0.99 105 L12 0.81 0.84 0.24**
Per capita landholding (ha) 0.15 025 0.17 0.33 0.13 0.12 0.04*
Maize plot area (ha) 0.27 0.26 0.26 0.25 0.27 0.26 —0.01
Years of hybrid maize cultivation 3.50 2.63 3.54 2.05 348 3.07 0.06
Seed rate used (kg/ha) 22.59 5.94 22.83 4.92 22.38 6.74 0.45
Sowing by tractor (yes = 1) 0.11 0.32 0.14 0.34 0.09 0.29 0.05
Seed cost (000 NPR/ha) 7.353 4.82 5.366 248 9.153 5.66 —3.787**
Fertilizer used (kg/ha) 241.78 125.29 245.85 119.34 238.10 130.61 7.75
Manure use (yes = 1) 0.15 035 0.15 0.36 0.14 0.35 0.01
Pesticide use (yes = 1) 0.65 0.48 0.69 0.46 0.61 049 0.08*
Number of Irrigation 4.17 222 4.15 1.79 4.19 2.55 —0.04
Yield of maize (q/ha) 42.35 16.11 44.25 13.46 40.63 18.04 3.62%
Year of awareness of heat-tolerant variety 0.86 0.86 1.64 0.77 0.33 0.51 =115**
Distance to input dealer (km) 3.18 3.82 2.83 3.87 349 3.76 —0.66*
Distance to extension office (km) 6.39 425 6.01 4.33 673 4.16 —0.72*
Number of members migrated 0.51 0.76 0.49 0.69 0.53 0.81 —0.04
Major source of agriculture (co-operative = 1) 0.28 0.45 0.44 0.50 0.15 035 0.29*
Major source of agriculture (agriculture extension 0.14 0.35 0.18 0.39 0.10 0.30 0.08"*
offices = 1)
Major source of agriculture (agrovet = 1) 0.29 0.45 0.17 0.37 0.40 049 —0.23***
She buffaloes (yes = 1) 0.45 0.50 0.44 0.50 0.45 0.50 —0.01
Sheep & goat (yes = 1) 0.76 0.43 0.80 0.40 0.72 0.45 0.08*
Source of seed (Co-operative = 1) 0.47 0.50 0.78 0.42 0.19 039 0.59*
Soil level (yes = 1) 0.82 0.38 0.85 0.36 0.80 0.40 0.05
Maize planted in spring season (yes = 1) 0.59 049 0.66 0.47 0.53 0.50 0:43%
Maize planted in winter season (yes = 1) 0.36 0.48 0.32 0.47 0.39 049 —0.07
Soil depth (cm) 31.53 9.03 32.41 9.27 30.75 8.76 1.66*
Thresher used (yes = 1) 0.39 0.49 0.34 0.48 0.43 0.50 —0.09**
Per capita income/year (NPR) 237.34 253.05 239.02 240.01 235.82 264.86 320
Agricultural income allows to save (yes = 1) 0.63 0.48 0.65 0.48 0.61 049 0.04
Agricultural income = expenses (yes = 1) 0.32 0.47 0.30 0.46 0.34 047 —0.04
Insufficient agricultural income, use 0.05 023 0.06 0.23 0.05 022 0.01
saving/borrows to meet expenses (yes = 1)
Per capita food expenditure (000 NPR/year) 26.902 9.93 27.949 10.39 25.953 9.42 1.996**

*** ** *indicate statistically significant at the 1%, 5% and 10% significant level, respectively; q, quintal.
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Hired labor 5.561 0.59 5.514 0.65 0.047
Land preparation (by tractor) 6.015 0.26 6.67 0.23 —0.655*
Land preparation (by power tiller) 2.865 047 2249 039 0.616
Farmyard Manure (FYM) 0.976 0.36 1.017 031 —0.041
Rent paid for leased-in land 2.847 048 3.059 0.44 —0.212
Sowing (tractor-drawn seed drill) 0.467 0.09 0.299 0.06 0.168
Seed cost 5.366 0.18 9.153 0.39 —3.787*
Irrigation cost 2.099 0.12 2421 0.14 —0.322
Urea 2.467 0.1 2425 0.1 0.042
Di-Ammonium Phosphate (DAP) 4.63 0.19 4.394 0.19 0.236
Muriate of Potash (MOP) 0.695 0.06 0.64 0.05 0.055
Micro-nutrients 0.013 0.01 0.025 0.01 —0.012
Pesticide 1272 0.09 1.135 0.09 0.137
Weedicide 0.037 0.01 0.043 0.02 —0.006
Threshing (thresher machine) 0.751 0.08 1.046 0.09 —0.295**
Paid-out cost (000/ha) 36.057 1.01 40.089 1.23 —4.032**
Family labor 40.341 114 38.197 1.02 2.144
Total cost (000/ha) 76.397 13 78.284 1.33 —1.887
Yield (q/ha) 44.248 0.97 40.63 123 3.618**
Price received (NPR/q) 2741.146 24.62 2725 25.78 16.146
Dry fodder production (q/ha) 61.786 1.32 57.7 1.63 4.086*
Dry fodder value (000 NPR/ha) 12.357 0.26 11.54 0.32 0.817*
Grain income (000 NPR/ha) 121.075 2.78 110.064 338 11011
Gross income (000 NPR/ha) 133433 2.99 121.604 3.68 11.829*
Net income (000 NPR/ha) 57.036 3.07 43.32 33 13.716***

*** ** *indicate statistically significant at the 1%, 5% and 10% significant level, respectively.
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Winter

season
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Variable Treatment effect Coefficient Robust Coefficient Robust Coeflicient Robust
standard error standard error standard error
Yield (q/ha) ATE (HTMH vs. 4.53"** (11.59) 1.46 5.56*** (15.51) 1.87 279 (6.13) 3.02
non-HTMH)
PO mean 39.11%%* L11 35.85%** 1.53 45.49*** 2.00
(Non-HTMH)
Gross income (000 ATE (HTMH vs. 11.693** (9.92) 4.455 16.268** 5.893 3.847 (2.91) 8.540
NPR/ha) non-HTMH) (14.55)
PO mean 117.854*** 3.408 111.496 4.793 132,095 5.886
(Non-HTMH)
Net income (000 ATE (HTMH vs. 12.819%* 4.116 15.486™ 5.534 12.907 (24.77) 8.204
NPR/ha) non-HTMH) (31.25) (43.77)
PO mean 41.013** 3.145 35.378%* 4.262 52.098** 5.897
(Non-HTMH)
Per capita food ATE (HTMH vs. 2.2230** (8.50) 1.021 2.757** (10.05) 1.279 1.322 (5.40) 1.801
expenditure (000 non-HTMH)
NPR/year)
PO mean 26.183** 0.789 27.417*** 1.080 24.259*** 0.867
(Non-HTMH)

Figures in the parentheses indicates ATE as percentage term. PO means-Potential outcome mean.
e+ xindicate statistically significant at the 1%, 5% and 10% significant level, respectively.
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Added returns Added costs

NIL NIL
Reduced cost Reduced returns
Save in seed cost NPR. 4812 Yield —1.01g/ha @ 2580 NPR. 2580
Total (added returns + reduced cost) NPR. 4812 Total (added costs + reduced return) | NPR. 2580
Net change NPR. 2232
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Variables Coef.  Std.E P>z Marginal effects
Gender of household head (M = 1, F = 0) —0.340 0.532 0.523 —0.047
Age of household head (years) 0.107 0.076 0.162 0.015
Square of Age of household head —0.001 0.001 0.269 0.000
Years of education (years) —0.005 0.037 0.886 —0.001
Caste (Brahmin/Chhatri = 1) 0.138 0.406 0.733 0.019
Per capita landholding (Per household members/ ha) 2,075 1.404 0.139 0.288
Household size 0.068 0.040 0.090 0.009*
Proportionate of maize area (%) —0.001 0.001 0.489 0.000
Major source of agriculture information (agriculture extension offices = 1) 1273 0.454 0.005 0.177**
Major source of agriculture information (co-operative = 1) 0.905 0.377 0.016 0.126"*
Major source of agriculture information (agrovet = 1) —0.264 0.371 0476 —0.037
Number of members migrated —0.125 0.206 0.546 —0.017
Number of irrigations —0.022 0.073 0.759 —0.003
Sowing by tractor 0.484 0.451 0.283 0.067
Source of seed purchased (co-operative = 1) 2.940 0.328 0.000 0.408**
Years of hybrid maize cultivation 0.058 0.061 0.338 0.008
Own she buffalo (yes = 1) —0.167 0.293 0.568 —0.023
Own sheep & goat (yes = 1) 0.726 0.348 0.037 0.101%*
Soil level of maize plot 0.624 0.407 0.125 0.087
‘Winter season —0.054 0.337 0.872 —0.008
Soil depth of maize plot (cm) 0.038 0.018 0.032 0.005***
Distance to input dealer (km) 0.002 0.045 0.964 0.000
Distance to extension offices (km) —0.034 0.041 0.400 —0.005
Log per capita per day income (NPR) 0.165 0425 0.697 0023
Income allows to savings —0.504 0.645 0.435 —0.070
Income = expenses 0.045 0.627 0.943 0.006
District (Dang = 1) —0314 0431 0.466 —0.044
Intercept —7.440 2.400 0.002 -
Pseudo R2 36.95

Log likelihood —176.25

LR chi2(27) 206.55

Sensitivity (%) 80.21

Specificity (%) 84.43

Corrected predicted (%) 82.43

*** %% *indicate statistically significant at the 1%, 5% and 10% significant level, respectively.
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