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Heat-tolerant tomato (Solanum lycopersicum L) can be used to alleviate the impact of climate variability, increase productivity, and increase income of smallholder vegetable farmers under tropical conditions. Adoption of improved nursery practices and willingness to adopt heat-tolerant tomato varieties under tropical conditions was examined. Using data from 432 tomato farmers, multivariate probit and tobit regression models were used to assess willingness to adopt heat-tolerant varieties and number of nursery practices. Willingness to adopt heat-tolerant tomato varieties was positively influenced by education, experience, and extension contacts. Adoption of improved nursery practices was influenced by sex, household size, off-farm income, credit, education and extension. These results will enable decision-makers to prioritize strategies that target educated farmers with more years of experience in tomato production and have contacts with extension to enhance the adoption of heat-tolerant tomato seeds with complementary improved nursery practices to increase productivity and income of smallholder tomato farmers under tropical conditions.
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Introduction

Erratic nature of rainfall pattern has resulted in highly seasonal nature of tomato (Solanum lycopersicum L.) production (Robinson and Kolavalli, 2010). This results in high price, high demand, and fluctuating output which have serious implications for income of smallholder farmers. Production mainly depends on family, rented, or land of relatively small sizes (less than 2 acres; Monney et al., 2009). In spite of the importance of improved seed in improving yield, smallholder farmers in Ghana still cultivate local varieties (Robinson and Kolavalli, 2010; FAO, 2016). Varieties commonly grown in Ghana include Roma VFN, Pectomec VF, Tropimec, Rion Grande, Jaguar, Lindo, Titao Derma, Ada Cocoa, Laurano, Raki, Choco TP, Power Reno, Rasta, and Italy Heinz (Ministry of Food and Agriculture (MoFA), 2010; FAO, 2016). Farmers tend to accept, and adopt, recommended varieties and practices due to yield benefits, matching with existing farming system, and simple to use (Al-Shadiadeh et al., 2012; Danso-Abbeam et al., 2012).

Farmers are more inclined to accept, and adopt, recommended varieties and practices due to yield benefits when compared with existing varieties (Al-Shadiadeh et al., 2012; Danso-Abbeam et al., 2012). The rate of adoption of a technology depends on the characteristics of individual farmer’s production circumstances, characteristics of technology, socioeconomic characteristics of farmers, and speed with which the population is made aware of the technology and its application to local production systems (Siziba et al., 2011; Etwire et al., 2013; Xaba and Masuku, 2013; Sanusi and Dada, 2016). Improved nursery practices in tomato production are necessary to increase vigor, growth, and efficient productivity (Thakur and Tripathi, 2015; Easdown and Ravishankar, 2016). However, the adoption of these practices is low among local smallholder tomato producers (Ministry of Food and Agriculture (MoFA), 2016). Promoting adoption of improved nursery practices is important for efficient production. However, the adoption of these practices is low among smallholder tomato producers (Ministry of Food and Agriculture (MoFA), 2016).

Studies have examined the adoption of improved production practices (Asante et al., 2013; Huat et al., 2013; Masood et al., 2018; Frimpong et al., 2021; Gotame et al., 2021; Nkansah et al., 2021; Shrestha et al., 2021; Iqbal et al., 2022; Akomdo et al., 2023). Most of these studies focused on the agronomic effects (Masood et al., 2018; Gotame et al., 2021; Shrestha et al., 2021; Iqbal et al., 2022), while others investigated such adoption decisions under different production settings. For instance, Nkansah et al. (2021) examined the influence of topping and spacing on growth, yield, and fruit quality of tomato under greenhouse condition. Frimpong et al. (2021) examined the relationship between sociodemographic, institutional factors, and adoption of best tomato production practices in Southern Ghana. However, the study focused on the relationship between such factors, without any attempt in estimating the determinants of adoption of these practices. To the best of our knowledge, a study examining farmers’ adoption of improved nursery practices and their willingness to adopt improved heat-tolerant tomatoes under tropical conditions has not been explored. This study examines this nexus and investigates the willingness decision of rural tomato farmers to adopt heat-tolerant tomato varieties under tropical conditions and provide vital policy insights for enhancing the tomato industry, especially in the midst of climate variability in order to enhance the welfare of rural farmers.

Thus, the findings of this study present a better understanding of the underlying factors, influencing low adoption, and presents useful insights into guiding policy for enhancing local tomato production. Given that farmers in Ghana still produce local varieties, the findings also present an opportunity to develop locally adapted improved varieties that are high yielding and tolerant to biotic and abiotic stresses, to meet the increasing demand for the fruits both for local industry and fresh consumption.

This study examines the drivers of adoption of improved nursery practices and estimates farmers’ willingness to adopt heat-tolerant tomato varieties in Ghana. We contribute by providing empirical evidence on the drivers of adoption of improved nursery practices for enhancing policies to improve tomato production in Ghana. Such information is essential for the tomato sector because of the vital role nurseries play in open field production and its implications in the entire tomato value chain. In addition, our result provides empirical insights of the factors influencing farmers’ willingness to adopt heat-tolerant tomato varieties. Such information is essential for research on crop movement programs, especially tomato breeders in the development of improved varieties with such attributes as part of the characteristics to consider. Finally, the findings will provide useful insights for policymakers in designing agricultural policies aimed at enhancing the adoption of improved nursery practices and heat-tolerant varieties for improving tomato production in the country to meet local demand for consumption and processing.

The rest of the study is structured as follows. The next section presents the methodology which includes a description of the study area, data, sampling, and the empirical strategy for the analyses. The next section presents the results and discussions, and the final section presents the conclusions and policy recommendations.



Methodology


Study area

Basically, Ghana has six agroecological zones with various ranges of climatic, vegetation, and soil types. These zones are categorized into tropical rainforest, semi-deciduous forest, forest savannah transition, coastal savannah, Guinea savannah, and Sudan and Sahel savannah. Thus, the study was conducted across four out of the six major agroecological zones, namely, Guinea savannah, forest savannah transition, coastal savanna, and the Deciduous Forest agroecological zones.

The Deciduous rainforest, forest savannah transition, and costal savannah zones are characterized by bimodal rainfall pattern, resulting in major and minor cropping seasons. Mostly, forest savannah transition and deciduous forest agroecological zones cover the Bono, Ahafo, and Ashanti regions with an exceptional environment that is favorable to the production of various crops and livestock (Ghana Districts Repository, 2020). Averagely, the zones recorded annual rainfall between 1,200 and 1,400 mm and temperature of 25°C with favorable climatic and social factors that boost the cultivation of huge volume of crop varieties (Ministry of Food and Agriculture (MoFA), 2019).

In the Guinea savanna zone, approximately 80% of the land in the forest- savanna transition region is used for crop and livestock production. The zone records a unimodal rainfall pattern, resulting in a single growing season and enhancing several crops thrives well in this zone such as tomato, maize, rice, cowpea, groundnuts, and yam cassava. Across the four agroecological zones, tomato production is a major economic activity in the resident population.

Data were collected from the Offinso, Techiman, and Tano South districts in the Bono and Ahafo regions under the forest transition agroecological zones. In addition, the Asante Akim Agogo and the Mampong districts under deciduous forests, Kassena-Nankana district under Guinea savanna, and Ada West and Agotime districts under coastal savannah were involved. These districts were selected because they are the important for tomato production in the country. The majority of the tomato produced in Ghana can be traced from these districts.



Data and sampling

A multi-stage sampling technique was employed to sample and interviewed 432 smallholder tomato farmers. In the first stage, the four agroecological zones, namely, forest, transitional, coastal, and Guinea Savannah, were purposively selected based on the prevalence of tomato production and the dominance of tomato producing rural farm households in these agrological zones. From each of the selected agroecological zone, four districts were also purposively selected to reflect the high tomato production trends in the zone. From each district, two tomato producing communities were purposively selected from a list of tomato producing communities. From each community, a maximum of 30 tomato producing households were randomly selected and interviewed using a semi structured questionnaire to obtain the primary data used in this study. Data collected comprised demographic, production, input, and output quantities and prices.



Empirical strategy

Data collected were analyzed and summarized using descriptive statistics, such as frequency, charts, graphs, and tables. To understand the factors influencing willingness to adopt heat-tolerant varieties of tomatoes, the binary probit model was used, while the multivariate probit regression model and tobit models were applied to estimate the factors influencing the adoption of improved nursery practices. These methods are discussed in detail in the following paragraphs.


Examining the factors influencing the adoption of heat-tolerant tomato varieties

To examine the factors influencing the adoption of the nursery practices of tomato farmers, a probit model was used (Rahm and Huffman, 1984). In this case, the utility obtained if they adopt nursery practice is greater than that for non-adopters, i.e., ([image: image]). This response is a binary one, and the outcomes are mutually exclusive.



The binary probit model

The binary dependent variable, [image: image] assumes the values “1” if a farmer is willing to adopt the heat tolerant variety, “adopter” and “0” if otherwise. Thus, this is represented as a function of the demographic characteristics and institutional factors [image: image](such as age, sex, years of schooling, household size, tomato experience, number of plots, off-farm income, credit access, extension visits, distant to extension office, FBO membership, and IP membership) and an error term with mean of zero stated in Equations (1) and (2) below:
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Thus, observing a value of 1 will generate probability,

[image: image]

and the probability for observing 0 could be given as follows:

[image: image]

where H denotes a continuous variable, strictly increasing cumulative distribution function and thus taking a real value and returns a value which ranges from 0 to 1.

Thus, we estimate the parameters in the models in equations (3) and (4) through the maximum likelihood estimation (MLE) procedure. The dependent variable is an unobserved latent variable and is expressed in Equation (5) as follows:

[image: image]

where [image: image] is a random error term.

The observed dependent variable is determined by whether the predicted Y* is greater than 1 or otherwise as specified in Equation (6) as follows:

[image: image]

where [image: image] is the threshold value for [image: image] and is assumed to be normally distributed.

The probit model adopted for the study is expressed in Equation (7) as follows:

[image: image]

where [image: image] is the probability that an individual will make an objective decision by adopting “adopter” or not adopting “non-adopter” and [image: image] is the dependent variable.



Estimating the adoption of improved nursery practices in tomato production

The adoption of nursery practices is multivariate in nature, thus adoption of these practices include fertilizer application, hardening, staking, pruning, and soil treatment is such that a farmer will adopt any of these practices or a combination of them that best addresses his/her production needs. In effect, the decision of the farmer whether to choose one or another underlies on information on several other practices available. Subsequently, a farmer is likely to adopt a specific practice if the benefits obtained from adoption are greater than that of non-adoption.



The multivariate probit model

The adoption of nursery practices is modeled along the random utility framework (Kassie et al., 2013; Mulwa et al., 2017). In this case, an ith farmer faced the decision to adopt in a jth practice where i = 1,2,3……., N and j = 1,2,3…., J, i.e., j = adoption of nursery practices, such as fertilizer application (FA), staking (SK), pruning (PR), soil treatment (ST), and hardening (HR). Thus, we decide to let [image: image] signify the difference between the utility from adoption [image: image] and the utility from non-adoption [image: image] of particular nursery practices. A randomly selected farmer from given household [image: image] will decide to adopt a specific nursery practice if [image: image]. Accordingly, the benefits from adopting a specific nursery practice are a latent variable, which are determined by the observed covariates ([image: image]), and the error term ([image: image]) is expressed in Equation (8) as follows:

[image: image]

Therefore, the two utilities are unobservable but can be stated for each nursery practice as a function of observable components in the latent variable, which is expressed in Equation (9) as follows:

[image: image]

Where [image: image] is a latent variable that denotes observed and unobserved preferences associated with the [image: image] nursery practice, and [image: image] denotes binary dependent variables. Xik denotes a set of household and farm-specific characteristics and institutional variables. Aik denotes plot characteristics to account for unobserved heterogeneity. βk and αk are estimated parameters. εk denotes the multivariate normally distributed stochastic error term (Wooldridge, 2003). Based on the multivariate probit model, the possibility of adopting multiple nursery practices and the error terms jointly follows a multivariate normal distribution (MVN) with zero conditional mean and variance which are normalized to unity, i.e., and the covariance matrix [image: image] is given in Equation (10) by:

[image: image]

where [image: image] denotes the pairwise correlation coefficient of the error terms with respect to any two of the estimated adoption equations of the nursery practices. Consequently, the off-diagonal elements (e.g., [image: image], [image: image]) in the covariance matrix denote the correlation between the stochastic components of the different nursery practices (Mulwa et al., 2017). The non-zero value of these correlations in the off-diagonal elements supports the appropriateness of the use of the multivariate probit model.



Tobit model

The tobit model is used to analyze the joint decision made by tomato farmer. Some factors influence the number of tomato nursery practices adopted by the farmers. For instance, there is a latent unobservable variable [image: image] that depends linearly on [image: image] through [image: image] vector parameters. We have normally distributed error term [image: image] to capture random effects. Considering the dependent variable, Yi denotes the latent variable whenever the latent variable is above zero and zero otherwise (Sindi, 2008; Chebil et al., 2009). The tobit model used in this study measures the factors influencing the number of tomato nursery practices. The tobit model is expressed in Equations (11)-(13) as follows:

[image: image]
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where [image: image] denotes dependent variable, [image: image] denotes independent variable, [image: image] denotes vector of maximum likelihood estimated coefficients, and [image: image] denotes error term.




Explanatory variables and their a-priori expectations

Table 1 presents a description of the explanatory variables used in the model and their measurement and a-priori expectations.



TABLE 1 Explanatory variables in the multivariate probit model.
[image: Table1]




Results and discussions



Results


Socioeconomic characteristics of tomato farmers

Socioeconomic characteristics of tomato farmers are presented in Table 1. A typical tomato farmer selected across these zones is on average 44 years. Tomato production is dominated by men constituting 68% with an average of 7.5 years of schooling. The majority of the farmers have completed basic schooling. Characteristically, farmers have 13.5 years of experience in tomato cultivation, implying an in-depth understanding of tomato production with an average farm size of 3.8 acres. Less than half of the farmers representing 36% engaged in off-farm income, obtaining an average of GHS2,190.3 from off-farm income generating activities (Table 2).



TABLE 2 Socioeconomic characteristics of tomato farmers across the regions.
[image: Table2]

In addition, more than half of the farmers (73%) were found to be household heads, while almost half (49%) of them own the land under tomato cultivation.

Consequently, a typical tomato producing household comprised of seven members with an average of four of such members being economically active. Thus, these household members provide additional labor to support tomato production, thereby generating more off-farm income for the household. Approximately 38% of the farmers were found to be indigenes, while only 24% of them had access to credit. Surprisingly, farmers received GHS1,709.7 as credit accounting for tomato production, out of which 94% of the them were able to repay the credit received during the year. Again, membership of agricultural groups such as the FBO and Innovative Platform (IP) was very low among the tomato farmers (representing 22 and 6%, respectively) of the farmers across the regions.

Furthermore, it was found out that, on average, typical tomato farmers received three extension visits for which extension officers have to travel an average of 7.8 km to achieve this purpose. Tomato farmers cultivate more than once within the season traveling an average distance of 5.1 km to their farms.

Figures 1, 2 illustrate the distribution of educational level and marital status of tomato farmers across the various agroecological zones. The results showed that educational levels of tomato farmers varied significantly across the various agroecological zones with Pearson chi-square of 74.36 and p-value of 0.000. The majority of the farmers who completed basic education were found in the coastal zone (35%), followed by the forest zone with 32% and tradition zone comprising 28%, while Guinea savannah zone recorded the least. In addition, most of the farmers who have completed secondary education are found in the coastal savannah zone constituting 56%, followed by forest and transitional zones representing 15 and 13%, respectively, However, the majority of farmers (33%) in the coastal region have no formal education, followed by Guinea savannah and forest zone constituting 32 and 30%, respectively.

[image: Figure 1]

FIGURE 1
 Educational level of tomato farmers across the regions.


[image: Figure 2]

FIGURE 2
 Marital status of tomato farmers across the regions.


Marital status was found to be differed significantly across the various agroecological zones with Pearson chi-square of 48.05 and p-value of 0.000. Mostly, approximately 48% of the farmers were married in the coastal zone followed by 32% in the transitional and 20% in the Guinea savannah zone.



Factors influencing willingness to adopt heat-tolerant tomato varieties among farmers

The probit regression estimates of the factors influencing tomato farmers’ willingness to adopt heat-tolerant tomato varieties are presented in Table 3. The results indicate that, household size, household head, years of schooling tomato experience, extension visits, and number of plots cultivated significantly influenced farmers’ willingness to adopt heat-tolerant tomato varieties. Both household head and household size negatively and significantly influenced the willingness to adopt decisions. Subsequently, male household heads are less willing to adopt the heat-tolerant tomato varieties than female household heads. Years of schooling positively influenced willingness to adopt heat-tolerant tomato varieties. The result further shows that more years of experience in farming tomato production positively influenced farmers’ willingness to adopt heat-tolerant tomato varieties.



TABLE 3 Probit estimates of the willingness to adopt heat-tolerant tomato varieties.
[image: Table3]

Again, extension visits were found to significantly influence farmers’ willingness to adopt heat-tolerant tomato varieties. Furthermore, farmers with a smaller number of tomato plots for tomato cultivation are more willing to adopt heat-tolerant varieties.



Factors influencing the adoption of improved nursery practices of tomato production

Table 4 presents the multivariate probit estimates of the factors that influence the adoption of improved nursery practices. The majority of improved nursery practices included in the model are fertilizer application, staking, pruning, soil treatment, and hardening practices.



TABLE 4 Multivariate probit estimates of the determinants of adoption of improved nursery practices for tomato production.
[image: Table4]

The result shows that sex showed a positive and significant relationship at 1%. Treatment of soil prevents the soil from disease incidence such as pathogen and fungi, thus adoption of soil treatments has been found to improve and protect the soil inoculant from any kind of harm. Therefore, male tomato farmers are more likely to adopt this practice than female counterparts. Household head negatively and significantly influenced the adoption of staking, soil treatment, and hardening practices at 1, 5 and 1%, respectively. Thus, farmers who are head of the house are less likely to adopt these nursery practices (staking, soil treatment, and hardening practices). Years of schooling showed a positive and significant relationship between fertilizer application, pruning, and hardening practices. A typical farmer is more likely to adopt these practices due to higher number of years spent in school and ability to adopt new ideas and ways of doing things.

Furthermore, household size positively influenced the adoption of fertilizer application and marginally increased by 12 times at 1% level, while it negatively influenced the adoption of pruning practice significantly at 1% level. In addition, household member involved in tomato cultivation positively and significantly influenced the adoption of fertilizer application and pruning practices at 1 and 5% levels, respectively. Residence status of the farmers was found negatively and significantly influenced the adoption of hardening practice. Thus, the likelihood of adoption of hardening practice was less among indigenes than settlers.

The result shows that key factors influencing the adoption of improved nursery practices are sex, household head, household size, household members involved in tomato cultivation, marital status, credit access, number of plots, number of extension contacts, tomato experience, frequency of cultivation, years of schooling, and membership of innovation platforms. These factors influenced the adoption of various improved nursery practices in different magnitudes.

The variable sex had a positive significant influence only on the adoption of soil treatment before carrying out the nursery function. This implies that men are likely to apply soil treatment in their nursery preparation than women. Because of the economic value of tomato production, men tend to take keen and cautious steps to ensure that the necessary improved practices are adhered to in order to achieve increased productivity.

Being heads of households negatively influenced the adoption staking, soil treatment and hardening among the farmers. Household size and members engaged in tomato cultivation negatively influenced the adoption of both fertilizer application and pruning.

The number of tomato plots cultivated had positive effects on the adoption of three out of the five major practices, namely, staking, soil treatment, and hardening. Extension visits positively and significantly influenced the adoption of fertilizer application and hardening practices. Experience in tomato production had a positive significant influence on pruning and a negative influence on hardening. Pruning requires consistent practice and some kind of experience to implement it effectively to achieve desired results. Farmers who are members of FBO positively and significantly influenced the adoption of staking practice. Years of schooling positively influenced the adoption of three out of the five improved nursery practices, namely, fertilizer application, pruning, and hardening.



Factors influencing number of nursery practices adopted by tomato farmers

Given the importance of thee improved nursery practices in tomato productivity, to assess the intensity of use, this study further examines the factors influencing the number of improved nursery practices adopted by the farmers. Table 5 presents the tobit regression estimates of the factors influencing the number of nursery practices adopted by the farmers.



TABLE 5 Factors influencing the number of nursery practices adopted by tomato farmers.
[image: Table5]

The results show that the key factors influencing the number of improved practices adopted are the number of economically active household members, years of schooling, off-farm income, number of plots, frequency of cultivation, and residing in the transition and coastal savannah agroecological zones. Positive effect was found on the number of economically active household members, year of schooling, off-farm income, and number of tomato plots cultivated, whereas negative effects were found on frequency of cultivation and residing in the transition and guinea savannah agroecological zones.

The number of economically active household members positively influenced the adoption of the number of improved nursery practices adopted by tomato farmers. Years of schooling also had a positive relationship with the number of nursery practices adopted, thus additional year of school results in more nursery practices adopted by tomato farmers. Off-farm income positively and significantly influenced the number of nursery practices adopted by tomato farmers. Thus, farmers are able to channel income from off-farm activities to the adoption of more improved nursery practices and ultimately field tomato production. Farmers who own more plots are more likely to adopt more nursery practices. Farmers with a greater number of plots tend to have available land options for which they need to produce seedlings to cultivate such lands and are more inclined at adopting more improved nursery practices in order to ensure efficient nursery production and obtain the needed quantities of seedlings for cultivating the available plots.

The frequency of cultivation per year had a negative effect on the number of improved nursery practices adopted by tomato farmers, meaning farmers cultivating more cycles or times in a year tend to adopt very few improved nursery practices. Cultivating many times in a year implies spending more resources, including labor, capital and other inputs in the main cultivating hence having less resources and time to adopt more improved nursery practices.




Discussions

Our results reveal that tomato production is dominated by male farmers. This finding agrees who reported that the majority of African agricultural societies have families commonly headed by men. The high marital level of the tomato farmers from our findings implies that the farmers are generally from stable households and are able to explore available family labor for enhancing tomato production. This finding is similar to the study by Defoer (2003) who found that more of the African crop producers are married and live with their families to facilitate the production of their farm crops.


Willingness to adopt heat-tolerant tomato varieties

From our results, the key factors that influence farmers’ willingness to adopt heat-tolerant tomato varieties include education, experience in tomato production, extension, and number of plots. Typically, farmers who have attained more years of formal schooling tend to be aware and better appreciate the importance and benefits of heat-tolerant varieties in reducing the impacts of climate variability and are more willingly to adopt such varieties. Similar studies have found a positive effect of education with the adoption of improved nursery practices on tomato production (Al-Shadiadeh et al., 2012; Frimpong et al., 2021; Akomdo et al., 2023).

The positive effect of experience implies that experienced farmers are able to confidently choose among varieties, with their experience tend to be more inclined to varieties that are tolerant to climatic variability and are more willing to adopt heat-tolerant tomato varieties. A strong association was found between experience and the adoption of pre-emergence tomato production practices among smallholder farmers in Ghana. Furthermore, experienced farmers tend to be more enthusiastic and willing to explore new things and are willing to adopt heat-tolerant varieties (Hassan and Nhemachena, 2008; Al-Shadiadeh et al., 2012; Martey et al., 2012).

The positive effect of extension on willingness to adopt heat-tolerant varieties implies that with increased visits by extension agents, farmers are able to receive extension advice, information, and technical support and also are able to participate in extension-related activities which enhance their willingness to adopt heat-tolerant varieties (Al-Shadiadeh et al., 2012; Akomdo et al., 2023). Smaller number of plots are a strategy adopted by smallholder tomato farmers for reducing the risk of crop losses from various sources such as climate variability, enhancing their likelihood of adopting heat-tolerant tomato varieties (Martey et al., 2012).



Adoption of improved nursery practices of tomato production

Major factor influencing the adoption of improved nursery practices included education, household size, and extension visits. Years of schooling showed a positive and significant relationship between fertilizer application, pruning, and hardening practices. This implies that as farmers attain more years of formal education, they tend to be more inclined toward adoption of improved nursery practice. This is because education enlightens the knowledge of the farmers, making them able to read, understand, and appreciate the benefits of adoption of improved nursery practices in order to obtain improved yields. Hence, educated farmers are able to decode and appropriately use improved nursery practices when introduced.

These findings correspond to similar studies (Al-Shadiadeh et al., 2012), indicating that the rate of adoption of a technology tends to be higher with the increasing level of formal education of a farmer. The involvement of a household member adds to the labor used in the farm in terms of these nursery practices to help performing these practices. Larger household size might benefit from being able to use labor resources at the right time and able to adopt more of the practices.

The negative effect of household size and fertilizer application and pruning from the results may be due to the fact that at the nursery stage, these two activities do not require substantial labor. Furthermore, these practices improve aeration and conservation of soil microorganisms, which increases the vigor of the seedlings and ultimately increase productivity of field production. In addition, the cultivation of more plots of tomato, as revealed in our findings, will require additional seedlings for planting, hence influencing the adoption of improved nursery practices. The results are similar to the study by Bezu et al. (2014) and Danso-Abbeam and Baiyegunhi (2017) who found a number of plots and farm sizes to positively influence the adoption of improved technologies.

Extension visits positively and significantly influenced the adoption of fertilizer application and hardening practices; thus, farmers are more likely to adopt these practices and other improved production practices through advice and guidance obtained from extension agents. Consistent with previous studies (Ayandiji and Adeniyi, 2011; Simtowe et al., 2016; Asante et al., 2017; Alhassan et al., 2018; Asante et al., 2021; extension has been found to positively influence the adoption of improved crop production technologies. Farmers are more likely to access to staking information and best staking times through FBO membership. Membership of a farmer association is positively associated with farm size decisions. Thus, tomato farmers belong to FBO benefits from training and other technical supports to enhance tomato production (Chebil et al., 2009; Asante et al., 2011; Kondo et al., 2020).

Increase in years of formal education enhanced the ability of farmers to appreciate the importance of improved nursery practices in enhancing tomato productivity in the field. In addition, farmers are able to appreciate the importance of these practices and better understand them during dissemination techniques by extension agents and other sources. The result are similar to the findings (Enrique and Eduardo, 2006; Alhassan et al., 2018; Baiyegunhi et al., 2019; Barnes et al., 2019; Kondo et al., 2020; Asante et al., 2021), where positive effects were found with education and adoption of improved technologies.



Number of nursery practices adopted by tomato farmers

Major factor influencing the adoption of number of improved nursery practices are number of economically active household members, years of schooling, off-farm income, and number of plots cultivated.

The positive effect of number of economically active persons on the adoption of improved nursery practices implies that an increase in the number of economically active persons in the household results in an increase in the number of improved practices adopted by the farmers. More economically, active household members imply the availability of additional labor or generate additional income to hire extra labor needed for adopting more additional nursery practices in tomato production.

Similarly, the positive effect of years of schooling on the number of nursery practices adopted is consistent with the study by Danso-Abbeam and Baiyegunhi (2017) who reported that longer years of schooling encourage the adoption of technologies among farmers. Furthermore, tomato farmers are able to take better production decisions with better ways of reducing cost (Martey et al., 2012; Asante et al., 2017).

Furthermore, our findings reveal that farmers with more plots are more likely to adopt more improved nursery practices. This finding is similar to the study by Wainaina et al. (2016) who found positive relations with number of plots and adoption of improved seeds and fertilizer in Kenya.




Conclusion and recommendation

This study examined the adoption of improved nursery practices and willingness to adopt heat-tolerant tomato varieties across three agroecological zones in Ghana. The results indicate that tomato production is dominated by men with mean age of 43 years, average of 7.5 years of schooling, and approximately 14 years of experience in tomato production. Most of tomato farmers involved in off-farm income generate activities with a typical household having approximately five members. However, the majority of tomato farmers are not members of farmer-based organization and innovation platforms. The results further indicate that years of schooling, sex, household size, off-farm income, number of plots, extension contacts, credit access, tomato experience, frequency of cultivation, FBO and IP membership, and being in the transition agroecological zone significantly and positively influenced the adoption of tomato nursery practices in Ghana. However, the absence of household head significantly and negatively influenced the adoption of tomato nursery practices.

To enhance the adoption of improved heat-tolerant tomato varieties, the increasing climatic variability will require pragmatic efforts toward improving access to these factors. This should include facilitating access to credit, training through workshop and seminars, and strengthening access to extension services, farmer-based organizations, and innovation platforms. Furthermore, there is a need for stakeholders, especially MoFA, to upscale extension services and strengthen FBOs and IPs among tomato farmers across agroecological zones, to improve the adoption of heat-tolerant tomato varieties in Ghana. In addition, collaboration with local government authorities to facilitate group formation among tomato farmers and guiding and assisting them to identify competitive markets with better bargaining needs to be promoted.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: https://drive.google.com/file/d/1VE5-YGruEv_JpJAI3VT5JSmfZzSnp8Y4/view?usp=share_link.



Ethics statement

The requirement of ethical approval was waived by the Faculty of Agriculture Review Committee for the studies involving humans because Faculty of Agriculture Review Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) and minor(s)’ legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

BOA: Writing – original draft, Methodology, Formal analysis, Conceptualization. MO: Writing – review & editing, Supervision, Project administration, Funding acquisition. KB: Writing – review & editing, Resources. BA: Writing – review & editing, Conceptualization. JG: Writing – review & editing, Investigation, Conceptualization. JA: Writing – review & editing. RP: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Akomdo, C., Bakang, J. E. A., Tham-Agyekum, E. K., Yankyerah, O. K., Akese, I., Oye, S., et al. (2023). Adoption of Good Agronomic Practices by Tomato Farmers In Rural Ghana: An application of The Unified Theory of Acceptance and use of technology. Agricul. Socio-Econ. J. 23, 185–197. doi: 10.21776/ub.agrise.2023.023.2.8

 Alhassan, S. I., Shaibu, M. T., Kuwornu, J. K. M., and Damba, O. T. (2018). Factors influencing farmers’ awareness and choice of indigenous practices in adapting to climate change and variability in northern Ghana. West Afr J. App. Ecol. 26, 1–13

 Al-Shadiadeh, A. N., AL-Mohammady, F. M., and Abu-Zahrah, T. R. (2012). Factors influencing adoption of protected tomato farming practices among farmers in Jordan Valley. World Appl. Sci. J. 17, 572–578

 Asante, B. O., Afari-Sefa, V., and Sarpong, D. B. (2011). Determinants of small scale farmers’ decision to join farmer based organizations in Ghana. Afr. J. Agric. Res. 6, 2273–2279.

 Asante, B. O., Osei, M. K., Dankyi, A. A., Berchie, J. N., Mochiah, M. B., Lamptey, J. N. L., et al. (2013). Producer characteristics and determinants of technical efficiency of tomato-based production systems in Ghana. J. Dev. Agric. Econ. 5, 92–103. doi: 10.5897/JDAE12.054

 Asante, B. O., Osei-Adu, J., Osei, K., Ennin, S. A., Aighewi, B., and Opoku, M. (2021). Awareness and adoption of positive selection technology among yam farmers in West Africa. Int. J. Soc. Econ. 48, 1372–1389. doi: 10.1108/IJSE-07-2020-0474

 Asante, B. O., Villano, R. A., Patrick, I. W., and Battese, G. E. (2017). Determinants of farm diversification in integrated crop-livestock farming systems in Ghana. Renewable Agricul. Food Syst. 33, 131–149. doi: 10.1017/S1742170516000545

 Ayandiji, A. O. R., and Adeniyi, O. D. (2011). Determinant post harvest losses among tomato farmers in Imeko-Afon local government area of Ogun state, Nigeria. Global J. Sci. Front. Res. 11, 23–27. doi: 10.5897/AJAR10.979

 Baiyegunhi, L. J. S., Hassan, M. B., Danso-Abbeam, G., and Ortmann, G. F. (2019). Diffusion and adoption of integrated Striga management (ISM) technologies among smallholder maize farmers in rural northern Nigeria. Technol. Soc. 56, 109–115. doi: 10.1016/j.techsoc.2018.09.009

 Barnes, A. P., Soto, I., Eory, V., Beck, B., Balafoutis, A., Sanchez, B., et al. (2019). Exploring the adoption of precision agricultural technologies: a cross regional study of EU farmers. Land Use Policy 80, 163–174. doi: 10.1016/j.landusepol.2018.10.004

 Bezu, S., Kassie, G. T., Shiferaw, B., and Ricker-Gilbert, J. (2014). Impact of improved maize adoption on welfare of farm households in Malawi: a panel data analysis. World Dev. 59, 120–131. doi: 10.1016/j.worlddev.2014.01.023

 Chebil, A., Nasr, H., and Zaibet, L. (2009). Factors affecting farmers’ willingness to adopt crops in south eastern Tunisia. Af. J Agric & Res. Econs 3, 19–27.

 Danso-Abbeam, G., Aidoo, R., Agyemang, K. O., and Ohene-Yankyera, K. (2012). Technical efficiency in Ghana’s cocoa industry: evidence from Bibiani-Anhwiaso-Bekwai District. J. Dev. Agric. Econ. 4, 287–294. doi: 10.5897/JDAE12.052

 Danso-Abbeam, G., and Baiyegunhi, L. J. (2017). Adoption of agrochemical management practices among smallholder cocoa farmers in Ghana. Afr. J. Sci. Technol. Innov. Dev. 9, 717–728. doi: 10.1080/20421338.2017.1380358

 Defoer, T., (2003). Rice-based production system for food security and poverty alleviation in sub-Saharan Africa, in proc. 20th session of the international Rice Commission.

 Easdown, W., and Ravishankar, M. (2016). Study of tomato nursery production practices in selected districts of Maharashtra and Karnataka (Technical Report No. 16-807). World Vegetable Center. Shanhua, Tainan, Taiwan 74151. 28 pp.

 Enrique, C. B., and Eduardo, R. W. (2006). Tomato fruit quality conservation during postharvest by application of potassium bicarbonate and its effect on Botrytis cinerea. Cien. Inv. Agr. 33, 173–184. doi: 10.7764/rcia.v33i3.346

 Etwire, P. M., Al-Hassan, R. M., Kuwornu, J. K., and Osei-Owusu, Y. (2013). Smallholder farmers’ adoption of technologies for adaptation to climate change in Northern Ghana. J. Agricul. Extension and Rural Develop. 5, 121–129. doi: 10.5897/JAERD13.0481

 FAO (2016). Food and agriculture Organization of United Nations. UN: Tomato production global statistics.

 Frimpong, B. N., Osei, M. K., Mochiah, M. B., Asante, B. O., and Gyau, J. (2021). Examining the Relationship Among Socio-Demographic, Institutional Factors and Adoption of Best Tomato Production Practices in Southern Ghana. Agricul. Food Sci. J. Ghana 14, 1426–1443. doi: 10.4314/afsjg.v14i1.8

 Ghana Districts Repository. (2020). A repository of all local Assemblies in Ghana. Available at: https://www.ghanadistricts.com

 Gotame, T. P., Gautam, I. P., Ghimire, D., and Shrestha, S. L. (2021). Performance evaluation of exotic and local landraces of tomatoes for the mid-hill conditions of Nepal. Turkish J. Agricul. Food Sci. Technol. 9, 1426–1435. doi: 10.24925/turjaf.v9i8.1426-1435.4250

 Hassan, R., and Nhemachena, C. (2008). Determinants of African farmers’ strategies for adapting to climate change: multinomial choice analysis. African J. Agricul. Resource Econ. 2, 83–103. doi: 10.22004/ag.econ.56969

 Huat, J., Doré, T., and Aubry, C. (2013). Limiting factors for yields of field tomatoes grown by smallholders in tropical regions. Crop Prot. 44, 120–127. doi: 10.1016/j.cropro.2012.11.003

 Iqbal, H. M., Akbar, Q. U. A., Arif, S., Yousaf, S., Khurshid, S., Jabbar, S., et al. (2022). Maturity dependent changes in post-harvest physiological, antioxidant and anti-microbial attributes of tomato. Pak. J. Agric. Res. 35:144. doi: 10.17582/journal.pjar/2022/35.1.144.153

 Kassie, M., Jaleta, M., Shiferaw, B., Mmbando, F., and Mekuria, M. (2013). Adoption of interrelated sustainable agricultural practices in smallholder systems: Evidence from rural Tanzania. Technol. Forecast. Soc. Chang. 80, 525–540. doi: 10.1016/j.techfore.2012.08.007

 Kondo, K., Cacho, O., Fleming, E., Villano, R. A., and Asante, B. O. (2020). Dissemination strategies and the adoption of improved agricultural technologies: the case of improved cassava varieties in Ghana. Technol. Soc. 63:101408. doi: 10.1016/j.techsoc.2020.101408

 Martey, E., Annin, K., Wiredu, A. N., and Attoh, C. (2012). Does access to market information determine the choice of Marketing Channel among small holder yam farmers in the BrongAhafo region of Ghana? A multinomial logit regression analysis. J. Econ.d Sustain. Develop. 3, 18–28

 Masood, S., Randhawa, M. A., Ahmad, W., Butt, M. S., Asghar, M., and Jabbar, S. (2018). Quality of tomatoes as influenced by bio-chemicals and controlled atmosphere during storage: tomato quality in response to bio-chemicals. Proceed. Pakistan Acad. Sci.: B. Life Environ. Sci. 55, 39–48

 Ministry of Food and Agriculture (MoFA) (2010). Agriculture in Ghana: Facts and Figures, Statistics, Research, and Information Directorate (SRID). Ghana: Accra.

 Ministry of Food and Agriculture (MoFA) (2016). Agriculture in Ghana: Facts and Figures, Statistics, Research, and Information Directorate (SRID). Ghana: Accra.

 Ministry of Food and Agriculture (MoFA) (2019). Agriculture in Ghana: Facts and Figures, Statistics, Research, and Information Directorate (SRID). Ghana: Accra.

 Monney, E., Poku, V. E., and Armah, E. (2009). Baseline survey of tomato production in Ghana: A study of twelve production districts in four regions. Ghana: The Horticulture Development Unit, Directorate of Crop Services and Post-Harvest Management Unit, Agriculture Engineering Services Directorate, Ministry of Food and Agriculture.

 Mulwa, C., Marenya, P., and Kassie, M. (2017). Response to climate risks among smallholder farmers in Malawi: A multivariate probit assessment of the role of information, household demographics, and farm characteristics. Clim. Risk Manag. 16, 208–221. doi: 10.1016/j.crm.2017.01.002

 Nkansah, G. O., Amoatey, C., Zogli, M. K., Owusu-Nketia, S., Ofori, P. A., and Opoku-Agyemang, F. (2021). Influence of topping and spacing on growth, yield, and fruit quality of tomato (Solanum lycopersicum L.) under greenhouse condition. Front. Sustain. Food Syst. 5:659047. doi: 10.3389/fsufs.2021.659047

 Rahm, M. R., and Huffman, W. E. (1984). The adoption of reduced tillage: the role of human capital and other variables. Am. J. Agric. Econ. 66, 405–413

 Robinson, E. J. Z., and Kolavalli, S. L. (2010). The case of tomato in Ghana: Productivity (GSSP Working Paper #19.). International Food Policy Research Institute (IFPRI). 

 Sanusi, M. M., and Dada, O. D. (2016). Profitability analysis of marketing tomato in Odeda local government area of Ogun state, Nigeria. Ife J. Agricul. 50, 89–99. doi: 10.1515/ats-2017-0010

 Shrestha, S. L., Ghimire, D., Gotame, T. P., Gautam, I. P., and Khatiwoda, P. P. (2021). Growth, yield and keeping quality of tomato cultivars at central mid-hills of Nepal.

 Simtowe, F., Asfaw, S., and Abate, T. (2016). Determinants of agricultural technology adoption under partial population awareness: the case of pigeonpea in Malawi. Agric. Food Econ. 4, 1–21. doi: 10.1186/s40100-016-0051-z

 Sindi, J. K. (2008). Kenya’s Domestic Horticulture Subsector: What Drives Commercialization Decisions by Rural Households? US: Michigan State University, Department of Agricultural Economics.

 Siziba, S., Nyikahadzoi, K., Diagne, A., Fatunbi, A. O., and Adekunle, A. A. (2011). Determinants of cereal market participation by sub-Saharan Africa smallholder farmer. Learn. Publics J. Agricul. Environ. Stud. 2, 180–193

 Thakur, N., and Tripathi, A. (2015). Biological management of damping-off, buckeye rot and fusarial wilt of tomato (cv. Solan Lalima) under Mid-Hill conditions of Himachal Pradesh. Agric. Sci. 6, 535–544. doi: 10.4236/as.2015.65053

 Wainaina, P., Tongruksawattana, S., and Qaim, M. (2016). Tradeoffs and complementarities in the adoption of improved seeds, fertilizer, and natural resource management technologies in Kenya. Agric. Econ. 47, 351–362. doi: 10.1111/agec.12235

 Wooldridge, J. M. (2003). Cluster-sample methods in applied econometrics. Am. Econ. Rev. 93, 133–138. doi: 10.1257/000282803321946930

 Xaba, B. G., and Masuku, M. B. (2013). Factors affecting the productivity and profitability of vegetables production in Swaziland. Journal of Agricultural Studies, 1, 37–52.


Copyright
 © 2024 Asante, Osei, Bediako, Annor, Gyau, Adomako and Prempeh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fsufs-08-1339008-e037.jpg





OPS/images/fsufs-08-1339008-e036.jpg





OPS/images/fsufs-08-1339008-e039.jpg
t=Xify e =N(05%)





OPS/images/fsufs-08-1339008-e038.jpg
e;





OPS/images/fsufs-08-1339008-e033.jpg
PGM





OPS/images/fsufs-08-1339008-e032.jpg





OPS/images/fsufs-08-1339008-e035.jpg





OPS/images/fsufs-08-1339008-e034.jpg
OMG





OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Improved nursery practices and
farmers’ willingness to adopt
heat-tolerant tomatoes under
tropical conditions








OPS/images/fsufs-08-1339008-e030.jpg






OPS/images/fsufs-08-1339008-e029.jpg







OPS/images/fsufs-08-1339008-e031.jpg
1 PFASK - PFAHR
Q| PSKFA 1
L psmar
PSKHR . PHRST 1 (10)







OPS/images/logo.jpg
’ frontiers Frontiers in Sustainable Food Systems






OPS/images/fsufs-08-1339008-e026.jpg
Py‘{

1 if B >0
0 otherwise

©





OPS/images/fsufs-08-1339008-e025.jpg
P = Xip;+&i

®)





OPS/images/fsufs-08-1339008-e028.jpg





OPS/images/fsufs-08-1339008-e027.jpg





OPS/images/fsufs-08-1339008-e022.jpg
P'=Uy-Up >0





OPS/images/fsufs-08-1339008-e024.jpg
Ej





OPS/images/fsufs-08-1339008-e023.jpg





OPS/images/fsufs-08-1339008-e019.jpg





OPS/images/fsufs-08-1339008-e018.jpg





OPS/images/fsufs-08-1339008-e021.jpg





OPS/images/fsufs-08-1339008-e020.jpg





OPS/images/fsufs-08-1339008-t005.jpg
Nursery practices Coefficient Standard = t-value

error
Age 0214 0171 126
Economically active HH [ 0.061 179
members

Year of schooling 0276+ 0113 -244
Offfarm income 0124055 0034 367
Tomato experience ~0.094 0073 -130
Number of Plots 0,095+ 0043 219
Farm distance 0.147 0.167 088
Credit access 0.074 0077 097
FBO membership ~0.107 0,088 -122
1P membership 0.203 0125 162
Farm si 0011 0015 0.69
Extension visits 0.003 0014 023
Distance to extension office ~0.021 0.024 -085
Frequency of cultivation ~0.249* 0129 -193
Native ~0.111 0099 -112
Guinea savannah ~0.239 0.159 -150
Transition ~0301* 0.167 -180
Coastal ~0.374% 0.149 -250
Constant ~0.078 0742 -o1
Number of observations 432

Pseudo r-squared 0307

Chi-square 41119

Prob > chi2 0.001

#5%p<0.01, **p<0.05, *p<0.1





OPS/images/fsufs-08-1339008-e015.jpg
R=P(Y <¥) =R =P <ap+a;X;)

@)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Improved nursery practices and farmers’ willingness to adopt heat-tolerant tomatoes under tropical conditions



		Introduction



		Methodology



		Study area



		Data and sampling



		Empirical strategy



		Examining the factors influencing the adoption of heat-tolerant tomato varieties



		The binary probit model



		Estimating the adoption of improved nursery practices in tomato production



		The multivariate probit model



		Tobit model









		Explanatory variables and their a-priori expectations









		Results and discussions



		Results



		Socioeconomic characteristics of tomato farmers



		Factors influencing willingness to adopt heat-tolerant tomato varieties among farmers



		Factors influencing the adoption of improved nursery practices of tomato production



		Factors influencing number of nursery practices adopted by tomato farmers









		Discussions



		Willingness to adopt heat-tolerant tomato varieties



		Adoption of improved nursery practices of tomato production



		Number of nursery practices adopted by tomato farmers









		Conclusion and recommendation



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fsufs-08-1339008-e014.jpg





OPS/images/fsufs-08-1339008-e017.jpg





OPS/images/fsufs-08-1339008-e016.jpg





OPS/images/fsufs-08-1339008-e013.jpg





OPS/images/fsufs-08-1339008-e012.jpg
Yi=1if %' >0and ¥; =0if %" <0

()





OPS/images/fsufs-08-1339008-t004.jpg
Variable Fertilizer Staking practice Pruning Soil treatment Hardening

application practice practice
Sex 0438 0.283 ~0.188 0.65144% 0421
(0.285) (0.238) (0.485) ©218) (0283)
Age 0.009 ~0.003 ~0.003 0010 0058
(0.008) (0.008) (©0.015) (0.006) ©053)
Household Head ~0.055 ~0417% 0686 ~0530% -L741*
(0.295) (0.232) (0.460) 0.226) (0.961)
Household size 0121445 ~0.036 ~0207%%+ -0026 ~0.134
(0.040) (0.033) 0.073) (0.028) (0.232)
Household member 0.189%+% 0.065 0.187+% 0005 0123
involved in cultivation (0.049) (0.044) ©0.073) (0.040) (0.149)
Resident status 0013 0.098 0213 0.047 —Lg4grr
(0.249) (0:216) 0312) (0.178) (0.750)
Marital status 0020 0.106 0,622+ ~0022 -0235
(0.158) (0.146) (0.242) (0.123) (0.500)
Offfarm income -0.227 0.255 0.885% 0.044 ~0.664
(0.173) (0.181) (0.348) (0.146) 0.739)
Creditaccess 0290 0.196 0.496% 0259 0939
(0.211) (0.170) (0.280) (0.166) (0.988)
Number of plots 0.004 0131455 0.034 0.034%5% 0215+
(0.036) (0.031) 0.055) 0.028) (0.098)
Extension contacts 0121455 0034 ~0.007 0011 0271%
(0.034) (0.031) (0.053) 0.029) (0.105)
Tomato experience 0203 ~0132 0.260°% 0110 ~0076%
(0.137) (0.092) (0.114) 0.079) (0.044)
Frequency of cultivation ~0071 ~0379 ~0696* ~0385% 6754
(0263) (0355) (0.320) (0.180) 0.770)
Years of schooling 0.078%5% ~0.085 0,400+ ~0132 0390
(0.116) (0.112) (0.156) (0.087) (0.205)
FBO membership ~0.005 0.380¢ ~0232 0128 ~0092
(0214) (0:205) (0.343) (0.176) (1.770)
1P membership ~0041 0.289 0329 0394 9,164
(0363) (0.331) (0.493) (0.341) (2.583)
_cons 0.580 -1532 —3784%5 Lig7een -6707
(0.725) (0.716) 0.942) 0.526) (2.845)
Wald chi2(60) 187.28
Number of observations 432
Prob > chi® 0.000

rho41 =rho32 = rhod:

Likelihood ratio test of rho21 =rho3;






OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fsufs-08-1339008-e006.jpg
Usg(X) = aoX; + 5o fornon - adopter

[©)]





OPS/images/fsufs-08-1339008-e007.jpg
P=(Y=1/xa;)=1-H

(-xe)

3)





OPS/images/fsufs-08-1339008-e004.jpg





OPS/images/fsufs-08-1339008-e042.jpg





OPS/images/fsufs-08-1339008-e005.jpg
1(X) = 01 X; + 8 foradopter(1)





OPS/images/fsufs-08-1339008-e011.jpg





OPS/images/fsufs-08-1339008-e008.jpg
P =(¥ =0/ xa;) = H(~xia;)4)





OPS/images/fsufs-08-1339008-e010.jpg
ViasY; = a ;X ji +0; ©





OPS/images/fsufs-08-1339008-t001.jpg
Variable Measurement Expected

outcome
Age Age of farmer (years) +
Years of schooling Years of formal education (years) +
Number of plots Number of tomato plots +
Tomato experience  Number of years of farming tomato +
Off farm income Off farm income (GHS) +/=
Sex 1=Male, 0= Female +/-
Distance Distance to extension office (km) =
Extension visits Extension visits (1=Yes and 0=No) +
Access to credit Access to credit during last year =
(yes=1:0=No)

FBO membership FBO membership (1= Yes and 0=No) +





OPS/images/fsufs-08-1339008-g002.jpg
120

100

80

60

40

20

13

74

2

Transitional

2

mSingle

112 Pearson chi2(9) = 48.0469 Pr =0.000

46

33
16
. v . ! .
| -— — |

Coastal Guinea Savannah

W Married m Divorced W Widowed





OPS/images/fsufs-08-1339008-t003.jpg
Standard

Error

t-value

Household head
Household size

Household member involved

tomato cultivation
Years of schooling

Tomato experience
Creditaccess

FBO membership

1P membership

Distance to extension office
Extension visits

Number of plots

Constant

Pseudo r-squared

Number of observations
Chi-square

Prob > chi2

#2p<0.01, **p<0.05, *p<0.1

0.010
0.284
~0.634%
~0.139%%

0.109

0.132%%%
0.030%
0.860
0162
0220
0.026
01165
—0.349%+%

2.923%%%

0013
0282
0333
0.040

0.065

0111
0017
0357
0323
0614

003
0.046
0.105
0.646

0.683
43200
33.966

0.000

-190

-348

168

-119

180

241

050

036

087

250

-333

452





OPS/images/fsufs-08-1339008-t002.jpg
Variable Forest Transitional Coastal Guinea Overall

Savannah

Age (years) 444 33 435 428 36 035
a8 (1237) (261) (12:56) (12.14)

“Gender (Male=1) 68% 84% 62% 65% 68% 376%%%
©47) 037) (0.49) (048) (047)

Years of schooling 68 88 80 60 75 736"
(4.24) (3.22) (4.39) (5.12) (450)

Years of farming tomato 155 157 123 93 135 9.60+%
(864 955 (502 (70%) (8.68)

Farm size (acre) 25 35 47 15 38 20320
(49) (3.42) (450) (0358 (341)

“Engaged in off-farm 25% 27% 53% 25% 36% 9704+

income (Yes=1) (0.43) (0.45) (0.50) (0.43) (0.48)

Off-farm income (GHS)  2,112.07 (1779.02) 28680 2,070.4 (1850.5) 1,903.6 (1501.96) 21903 169

(1999.31) (2117.02)

Household size 66 75 73 74 72 255+
(2.49) (3.52) (2.97) (3.17) (3.0)

Economic active HHM 35 42 39 40 39 380
[e) (242) (2.18) (192 (210)

Dependent HHM 3 3 3 3 3 033

8) 9) 20) 20) 8)

“Household head 73% 85% 70% 63% 73% 260

(Yes=1) (0.45) (0.36) (0.45) (0.49) (0.44)

“Land ownership 49% 47% 39% 44% 49% 15.99%%%

(Yes=1) (0.15) (0.13) (.11) (0.12) (0.14)

“Resident status 37% 2% 39% 35% 38% 124

(Indigenous=1) (©0.11) 0.12) ©.12) (0.11) 0.12)

Extension visits (times) 28 17 28 17 25 7.38%%
@0 (10) (204) (291) (207)

Distance to nearest 87 82 70 7.1 78 521w

extension office (Km) (3.56) (4.49) (.38) (3.06) (4.10)

Distance to tomato farm 52 58 51 38 51 6297

(Km) (236) (247) (238) (219 (243)

“Credit access (Yes=1) 1% 43% 25% 16% 24% 8550+
032) (050) 044 043) (043)

Cash amount received 8231 24397 15340 6444 1,709.7 4850

for tomato production (826.79) (1953.20) (1400.2) (51271) (1664.34)

(GHS)

“Credit payment (Yes=1) 929 89% 100% 88% 94% 110
028) 031 ©.01) (@) 0249

“FBO membership 9% 1% 2% 2% 2% 7.86%%

(Yes=1) (0.29) (0.49) (0.41) (041) 041)

“IP membership (Yes=1) 6% 5% 8% 0% 6% 205*
029) 023) 0.27) o1 (023)

Frequency of cultivation 10 10 12 10 L1 6.95%%%

per season (0.29) (0.26) ©.5) (0.29) (1.08)

“Dummy variables. Figures in parenthesis are standard deviations. *** 1% significance level; *#5% significance levels *10% significance level.





OPS/images/fsufs-08-1339008-e001.jpg
Un >U;o





OPS/images/fsufs-08-1339008-e044.jpg





OPS/images/fsufs-08-1339008-e003.jpg





OPS/images/fsufs-08-1339008-e043.jpg





OPS/images/fsufs-08-1339008-g001.jpg
30

20

10

73

13
.3
-

Forest

m No formal

Pearson chi2(9) = 743631 Pr=0.000
81

65
47
31
13
5 8 I I 8
= .. |

Transitional Coastal

mBasic ®Secondary MTertiary

1 11

i
-

Guinea Savannah





OPS/images/fsufs-08-1339008-e045.jpg
e;





OPS/images/fsufs-08-1339008-e041.jpg
¥ = 0if X;B; +¢; <0 a3)





OPS/images/fsufs-08-1339008-e040.jpg
Vi = Xii +eif Xify +¢>0 (1)





