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Abstract 
This study examines the impact of technology on the postharvest 
losses of tomatoes in Benue State, Nigeria. This research aims to 
evaluate how the adoption of various postharvest technologies 
affects the reduction of losses in tomato production. A descriptive 
survey design was employed, and data were collected from a 
sample of 365 tomato farmers across three local government areas 
(LGAs) representing each of the State's Senatorial zones. A 
multistage random sampling technique was used to select 
respondents. Primary data were gathered through structured 
questionnaires. The data were analyzed via both descriptive 
statistics and logistic regression models. The findings reveal that 
postharvest losses are most prevalent during the transportation and 
storage stages, with the high cost of technology, lack of awareness, 
and inadequate information on technology usage being the 
primary challenges hindering adoption. Technologies such as 
improved tomato varieties, plastic crates, cold storage, precooling 
systems, and advisory services were found to significantly reduce 
postharvest losses at the 5% significance level. The study also 
highlighted that male farmers dominate tomato production in 
Benue State, and the majority of farmers have basic education and 
over 15 years of farming experience. On the basis of these 
findings, the government should organize periodic training for 
farmers, improve access to affordable credit, and encourage 
private investment in cold storage and refrigerated transport 
infrastructure. These measures would enhance technology 
adoption, reduce losses, and improve the livelihoods of tomato 
farmers in Benue State. 

 

Keywords: Agricultural technology, postharvest losses, technology 
adoption, tomato production 
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1. Introduction 

The global expansion of food production has not resolved food 

insecurity, as nearly half of the population in developing countries still 

faces challenges accessing a sufficient food supply (Khatun & 

Rahman, 2019). One of the primary contributors to this issue is 

postharvest losses, which involve both physical losses and quality 

deterioration that reduce the economic value of crops or render them 

unfit for human consumption. According to the Food and Agriculture 

Organization (FAO, 2018), approximately one-third of the food 

produced globally—approximately 1.3 billion tons—is wasted 

annually after harvest. These losses are particularly pronounced in 

developing nations, where poor handling, inadequate storage, and 

environmental factors contribute to significant reductions in both food 

availability and quality (Kader, 2002). 
Postharvest losses are characterized by both quantitative and 

qualitative degradation, occurring from the point of harvest to 
consumption. As agricultural products pass through various stages in 
the supply chain, including storage, processing, and marketing, losses 
occur due to mishandling and environmental conditions (Kiaya, 
2014). In Nigeria, postharvest losses for perishable crops such as 
tomatoes are particularly high, with estimates suggesting that up to 
60% of these crops are lost (Federal Ministry of Agriculture and Rural 
Development, 2019). This is largely due to the lack of standardized 
postharvest handling practices, compounded by poor infrastructure 
and environmental challenges such as inadequate cooling systems, 
improper storage, and poor packaging materials (Muhammad, Hionu 
& Olayemi, 2012). These losses not only reduce farmers' income but 
also decrease the availability of food, leading to higher commodity 
prices and greater food insecurity. 

Tomatoes (Lycopersicum esculentum) are among the most 

widely consumed vegetables in Nigeria, accounting for approximately 

18% of the average daily vegetable intake (Amurtiya & Adewuyi, 

2020). However, owing to their high moisture content and perishable 

nature, tomatoes are particularly prone to postharvest losses during 

handling, transport, and storage. In Benue State, where tomatoes are a 

key crop, this problem is especially pronounced. The Nigerian Federal 
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Ministry of Agriculture and Rural Development (FMARD) reported 

that out of the 1.5 million tons of tomatoes harvested annually, 

approximately 700,000 tons are lost due to postharvest delays and 

inadequate storage facilities (FMARD, 2019). These statistics 

underscore the urgent need for improved postharvest technologies to 

reduce losses and increase the economic sustainability of tomato 

production in Nigeria. 

Technological innovations have been identified as critical for 

mitigating postharvest losses and improving the efficiency of 

agricultural systems. As Karanyo (2002) noted, modern technology 

has revolutionized agricultural productivity by introducing methods 

that reduce waste, enhance food quality, and provide new economic 

opportunities. Postharvest technologies, such as improved storage 

facilities, refrigerated transport, modified atmosphere packaging 

(MAP), and the use of 1-methylcyclopropene (1-MCP), have proven 

effective in extending the shelf-life of tomatoes and reducing 

postharvest losses (Kughur, Iornenge & Ityonongu, 2015). These 

technologies are essential not only for preserving food but also for 

creating employment opportunities, adding value to agricultural 

products, and supporting food security goals, as highlighted in Goal 2 

of the Sustainable Development Goals (SDGs). 

The motivation for this study stems from the persistent issue 

of postharvest losses in Nigeria’s tomato sector, despite government 

efforts to address the problem through initiatives such as the National 

Acceleration Food Production Program (NAFPP), the National 

Special Program on Food Security (2002), and the Agricultural 

Transformation Agenda (2011), supported by the World Bank 

(Adesina, 2012). Although these programs have aimed to improve 

technology transfer to rural farmers and reduce postharvest losses, 

significant gaps remain, particularly in the application of technology 

in regions such as Benue State. While previous studies have examined 

factors contributing to postharvest losses, such as socioeconomic 

conditions (Ashinya, Nwankwo & Olagunju, 2021), there is a gap in 

research on the role of technological interventions specifically 
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targeting the reduction of tomato losses in this region (Kuranen-Joko 

& Dzahan, 2017). 
This study seeks to fill that gap by evaluating the impact of 

technological solutions on postharvest losses in tomato production in 
Benue State. The central problem of this study focuses on the high 
postharvest losses of tomatoes in Benue State, Nigeria, despite its 
potential as a major agricultural hub. Tomatoes, which account for 
approximately 18% of the average daily vegetable consumption, are 
highly perishable, leading to significant losses during the postharvest 
stage. The key research questions of the study are as follows: What 
are the socioeconomic characteristics of tomato farmers in Benue 
State? To what extent have tomato farmers adopted postharvest 
technologies? What factors influence the adoption of these 
technologies? What is the impact of technology on reducing 
postharvest losses of tomatoes? The main objective of this research is 
to examine the effectiveness of technology in containing postharvest 
losses in tomato production, specifically in terms of the 
socioeconomic characteristics of farmers, the level of adoption of 
postharvest technologies, and the factors affecting this adoption. This 
study is particularly important because addressing postharvest losses 
is crucial to improving food security, increasing farmer income, and 
reducing resource waste. It also has implications for state and national 
policy, helping guide strategies to enhance technological adoption 
among farmers and mitigate food loss. 

The paper is structured as follows: the introduction outlines 
the background, problem statement, and research objectives, 
providing a foundation for the study. The literature review explores 
previous research on postharvest losses and the role of technology in 
agricultural productivity, identifying gaps that this study seeks to 
address. The Methodology section describes the research design, 
including the sampling of three local government areas from each of 
Benue State’s Senatorial districts and the data collection methods used 
to analyze farmers' technology adoption and its impact. The Results 
and Discussion present the findings, analyzing the socioeconomic 
characteristics of the farmers, their adoption of technology, and its 
effect on reducing postharvest losses. Finally, the conclusion and 
policy recommendations summarize the study’s key findings, suggest 
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policy measures to promote the use of postharvest technologies, and 
offer recommendations to improve food security and sustainability in 
Benue State’s agricultural sector. 

 

2. Literature Review 
 

Theoretical Review 

Neoclassical Theory of Production: The neoclassical theory of 
production, developed by Solow (1957) and Swan (1956), provides 
the foundation for understanding how economic growth can be 
sustained through the balance of labor, capital, and technology. 
Rooted in Adam Smith’s (1776) work on the causes of wealth, this 
theory posits that an equilibrium in production can be achieved by 
adjusting the inputs of labor and capital. Crucially, when new 
technologies emerge, these factors must be realigned to maintain 
growth equilibrium. For agriculture, this theory suggests that 
technological advancements are essential for increasing productivity, 
improving efficiency, and reducing losses (Asom, 2016). By 
increasing labor productivity, technology fosters innovations that 
reduce postharvest losses and increase overall agricultural output. 
While Solow emphasized the role of technological progress, he left 
unresolved the issue of what drives such advancements, regarding 
them as exogenous (Barro & Sala-i-Martin, 1995). This framework is 
particularly relevant for exploring how postharvest technologies can 
mitigate losses in tomato production. 

 

Technology acceptance model (TAM): The technology acceptance 

model (TAM), proposed by Fred Davis in 1985, provides a theoretical 

lens through which to understand how users adopt and utilize new 

technologies. The TAM, an extension of Rogers’ (1983) diffusion of 

innovation theory, explains that technology adoption is influenced by 

factors such as perceived usefulness (PU) and perceived ease of use 

(PEU). Davis (1989) argued that a user's attitude toward technology 

plays a critical role in its adoption, with the decision to use a new 

system shaped by how beneficial and straightforward the technology 

is perceived to be. Elgahwash (2013) supports this notion, asserting 

that if users foresee negative outcomes, such as potential harm or loss, 
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they may reject the technology. For postharvest losses to be 

effectively reduced, farmers must believe in the utility and ease of the 

technologies designed to prevent such losses. TAM is essential in this 

context because it helps explain the behavioral factors influencing the 

adoption of postharvest technologies by tomato farmers in Benue 

State. 

This study draws on both the neoclassical theory of production 

and the technology acceptance model (TAM) to explore the impact of 

technology on postharvest losses in tomato production. Neoclassical 

theory highlights the crucial role of technology in enhancing labor 

productivity and improving agricultural output by reducing 

inefficiencies such as postharvest losses. Moreover, the TAM 

provides insights into the behavioral factors that influence the 

adoption of such technologies. Together, these frameworks help 

explain how technological innovations can reduce postharvest losses 

and why the success of these innovations depends on the perceived 

ease of use and usefulness by farmers. This combination of economic 

and behavioral theories allows for a comprehensive exploration of the 

challenges and opportunities in postharvest technology adoption in 

Benue State. 

 

Empirical Review 
For postharvest losses and factors affecting tomato production, 
Hassan et al. (2022) studied postharvest losses in Somalia’s Bal'ad 
District, identifying issues such as excessive irrigation, pest 
infestations, and poor transportation as key contributors to losses. 
However, the study did not address the role of technology in 
mitigating these losses. In Nigeria, Ashinya, Nwankwo, and Olagunju 
(2021) examined the socioeconomic factors affecting postharvest 
losses among female farmers in Benue State. Their study revealed that 
factors such as income, education, and farming experience 
significantly influence losses; however, they did not explore the use 
of postharvest technologies. Similarly, Goka et al. (2021) investigated 
postharvest tomato losses in Togo, identifying farm size, sex, and 
storage duration as major contributors. While their study highlighted 
some socioeconomic factors, it fell short of addressing postharvest 
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technologies in detail. Kuranen-Joko and Dzahan (2017) also explored 
the factors influencing tomato postharvest losses in Benue State, 
Nigeria. They utilized descriptive statistics and regression analysis to 
assess the socioeconomic characteristics of farmers and reported that 
postharvest losses were predominantly influenced by farm size and 
household reliance on family labor. While the study provided valuable 
insights, it focused only on a specific area (Gboko Local Government) 
within Benue State and did not explore the role of postharvest 
technologies. Similarly, Amet (2017) investigated postharvest losses 
in Africa, used Cameroon and Gambia as case studies, and identified 
key factors such as inadequate storage facilities, poor infrastructure, 
and a lack of processing equipment as contributors to losses. Although 
comprehensive, this study was more general and focused on food 
security and livelihoods rather than specific postharvest technologies. 

In addition to socioeconomic factors, other contributors to 

postharvest losses include poor infrastructure, inadequate storage 

facilities, and a lack of access to markets. Amedor and Krampah 

(2016) identified these factors as key challenges in Ghana's Esikuma 

Odoben Brakwa District, emphasizing the need for improved storage 

and transportation networks to reduce losses. Similarly, Kughur et al. 

(2015) examined postharvest losses of fruits and vegetables among 

small-scale farmers in Benue State, Nigeria, via purposive sampling 

and multiple regression analysis. The study highlighted inadequate 

storage and transportation as major contributors to losses but did not 

investigate how technology could alleviate these issues. Aidoo et al. 

(2014) also reported that storage duration, farm size, and farmer-based 

organization membership were significant factors influencing tomato 

postharvest losses in Ghana. These studies emphasize the 

infrastructural and logistical challenges faced by farmers but often 

overlook the potential of technological interventions to address these 

problems. 

Several empirical studies have examined the factors 

influencing the adoption of postharvest technologies, with a focus on 

socioeconomic characteristics. Elemasho et al. (2017) used a snowball 

sampling technique in Rivers State, Nigeria, to investigate the 

determinants influencing the adoption of postharvest technologies for 
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food crops. Their study revealed that factors such as education level, 

income, and access to information significantly impacted the adoption 

of these technologies. While relevant, this study focused on general 

food crops and not specifically on tomatoes, and its geographical 

scope was limited to Rivers State. In a similar study in Tanzania, Mtui 

(2017) examined the cost of postharvest losses of various vegetables 

and reported that factors such as education level, extension services, 

and farm size significantly affected the choice of postharvest handling 

technique. However, this study did not directly address postharvest 

technologies for tomatoes, leaving a gap in the analysis of 

technology's role in mitigating losses for this particular crop. In 

examining technological interventions in postharvest management, 

Ohagwu et al. (2021) assessed various tomato storage technologies, 

such as charcoal cooler storage bins, and reported that such 

innovations could extend shelf-life and improve quality. This study 

focused on a single type of technology, leaving the broader array of 

postharvest innovations unexplored. Odeyemi et al. (2021) compared 

the use of a zero energy cooling chamber (ZECC) and other 

technologies across Nigeria, Rwanda, and India and reported that 

these technologies reduced postharvest losses by up to 30%. However, 

the methodology used differed significantly from that used in the 

present study. Similarly, Tesfaye (2019) examined tomato handling 

practices in Ethiopia and concluded that improved postharvest 

practices could reduce losses, but this study did not examine the 

impact of specific technologies. 

The economic implications of postharvest losses have been 

extensively explored in the literature. Alidu et al. (2016) studied 

postharvest losses among tomato growers in Ghana and reported that 

such losses significantly reduce farmers' revenues, affecting their 

economic stability. Similarly, Adepoju (2014) examined the effect of 

postharvest losses on the welfare of tomato growers in Ogbomosho, 

Osun State, Nigeria, via descriptive statistics and regression models. 

The study concluded that postharvest losses had a negative impact on 

farmers’ income and overall welfare, but it did not investigate the 

influence of postharvest technologies and focused instead on the 
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socioeconomic determinants of losses. These studies underscore the 

economic burden of postharvest losses but leave a gap in 

understanding how the adoption of technology could alleviate these 

losses. 

While several studies have addressed postharvest losses, fewer 

have focused on the role of technology in mitigating these losses. 

Ohagwu et al. (2021) evaluated the use of charcoal cooler storage bins 

as a postharvest technology for preserving tomatoes in Nsukka, 

Nigeria. The study revealed that the adoption of such technologies 

significantly extended the shelf life of tomatoes and reduced spoilage, 

yet the research considered only one type of technology and was 

geographically limited. Odeyemi et al. (2021) explored the use of zero 

energy cooling chambers (ZECCs) in reducing postharvest losses in 

Rwanda and Nigeria and reported that the technology reduced losses 

by up to 30%. However, the study was more comparative and did not 

focus exclusively on Benue State or tomato farmers. This highlights a 

gap in the research, as there is limited empirical evidence on the 

effectiveness of a broader range of postharvest technologies in 

specific Nigerian contexts, particularly in Benue State. 

 

Research Gap 
The empirical review reveals a significant gap in the literature 
regarding the impact of technology on postharvest losses in tomato 
production, particularly in Benue State, Nigeria. While several studies 
have investigated the socioeconomic determinants of postharvest 
losses (Kuranen-Joko & Dzahan, 2017; Ashinya et al., 2021) and the 
economic impact of these losses (Alidu et al., 2016; Adepoju, 2014), 
very few have specifically examined the role of technology in 
mitigating such losses. Furthermore, existing studies that focus on 
postharvest technologies, such as those by Ohagwu et al. (2021) and 
Odeyemi et al. (2021), have been limited in scope, either focusing on 
a single technology or exploring regions outside of Benue State. This 
study aims to fill this gap by assessing the adoption of various 
postharvest technologies by tomato farmers in Benue State and 
evaluating their effectiveness in reducing losses. Additionally, this 
research explores the factors influencing the adoption of these 
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technologies, providing a comprehensive analysis of how 
technological interventions can address postharvest losses and 
improve food security in the region. 

 

3. Methodology 

This study employed a descriptive survey design, a method suitable 

for gathering and systematically describing data from a sample that 

represents a larger population. According to Akuezuilo and Agu 

(2002), this design is appropriate when investigating the 

characteristics, opinions, and facts of selected individuals without 

altering any variables. The descriptive survey design allows for the 

collection of detailed data from tomato farmers in Benue State, 

enabling the researcher to generalize findings about the impact of 

postharvest technology on tomato production. 

The study was conducted in Benue State, Nigeria, which is 

located in the central region of the country. The state covers 30,955 

square kilometers and is known as the “Food Basket of the Nation” 

because of its vast agricultural output. Farming is the dominant 

occupation, with 80% of the population engaged in agriculture, 

producing crops such as yams, cassava, rice, and, notably, tomatoes. 

The study focused on three local government areas (LGAs) 

representing the state’s three agricultural zones, namely, Ushongo 

(Zone A), Gboko (Zone B), and Otukpo (Zone C), which were chosen 

because of their large-scale tomato production. 

The study population consisted of tomato farmers across the 

selected LGAs in Benue State. According to the Federation of Benue 

Pepper, Tomatoes, Porters, Transporter and Marketing Cooperative 

Union Limited (2021), the total population of tomato farmers in these 

areas is 4,212 (Ushongo: 1,320, Gboko: 2,480, and Otukpo: 412). 

A multistage random sampling technique was used to ensure 

adequate representation from each LGA. First, the state was stratified 

into its three agricultural zones (A, B, and C), and one LGA was 

purposively selected from each zone on the basis of its tomato 

production. In the second stage, a sample size of 365 farmers was 

determined via the Yamane (1967) formula. The final stage involved 

selecting respondents from each LGA proportionally to their 
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population sizes. Simple random sampling was employed to avoid 

bias, ensuring that each respondent had an equal chance of selection. 

The sample sizes were as follows: Ushongo (114), Gboko (215), and 

Otukpo (36). Data were collected via both primary and secondary 

sources. Primary data were gathered through structured 

questionnaires. A total of 365 questionnaires were distributed and 

successfully retrieved, resulting in a 100% response rate. Secondary 

data were obtained from relevant publications, books, journals, and 

government reports. 

The data collected focused on variables such as farmers’ 

socioeconomic characteristics (sex, age, education, household size, 

and farming experience), farm size, cost of production, income, 

sources of labor and finance, and postharvest losses. The study also 

gathered information on the adoption of postharvest technologies, 

such as improved crop varieties, cold storage, plastic crates, and 

refrigerated vans. 

 

Method of Data Analysis 

The study utilized both descriptive statistics and econometric models 

to analyze the data. Descriptive statistics, such as percentages and 

tables, were used to summarize and present the data. The study 

employed logit regression analysis to test the stated hypotheses and 

determine the impact of postharvest technologies on tomato losses. 

The model specification was as follows: dependent variable: PHL of 

tomatoes (measured as 1 for losses and 0 otherwise). Independent 

variables: Socioeconomic factors and adoption of various postharvest 

technologies. Logit regression was chosen because it is appropriate for 

analyzing categorical data and estimating the probability of an event 

occurring, such as a postharvest loss. 
 

Model Specification 

The study developed three models for different objectives. For a 

logistic regression model in a survey data study, the specification 

needs to reflect that the dependent variable is binary (i.e., whether or 

not postharvest losses occur). Logistic regression predicts the 

probability that the dependent variable takes a value of 1 (in this case, 

Technology and Post-Harvest Losses of …                                  T. S. Asom, J. I. Tingir and V. U. Ijirshar 



POLICY AND DEVELOPMENT ISSUES IN NIGERIA  
 
 

87 

 

postharvest losses) on the basis of the independent variables (e.g., 

education, sex, age, etc.). Below is the correct specification for your 

models: 

 

Model I: Logistic Regression for Postharvest Losses 

This model aims to assess the impact of socioeconomic characteristics 

and technology adoption on postharvest losses. 
 

0 1 1 2 2 13 13

( 1)
( ( 1)) ln( ) ...

1 ( 1)
t

P Y
Logit P Y X X X

P P
    

=
= = = + + + + + +

− =
 

Y= Postharvest loss of tomato (1 = loss, 0 = no loss),  

X1= Education (1 = educated, 0 = not educated),  

X2= Sex (1 = male, 0 = female),  

X3= Age (years),  

X4= Area of land cultivated (hectares),  

X5= Quantity of tomatoes harvested (in basket),  

X6= Improved variety of crop (1 = adopted, 0 = not adopted),  

X7= Use of plastic crates (1 = adopted, 0 = not adopted),  

X8= Availability of cold rooms (1 = available, 0 = not available),  

X9= Use of refrigerated vans (1 = adopted, 0 = not adopted),  

X10= Precooling (1 = adopted, 0 = not adopted),  

X11= Advisory services (1 = received, 0 = not received),  

X12= Stage of harvest (1 = fully ripe, 0 = not fully ripe) 

X13= Time of harvest (1 = morning, 0 = otherwise), and μt= Error term 

 

Extent of Technology Adoption 

This metric evaluates the extent of postharvest technology adoption 

by farmers. The extent is calculated as a proportion of technologies 

adopted. 
Number of Technologies Adopted (NTA)

Extent of Technology Adoption (TA)= 100
Total Number of technologies Available (TNA)

  

 

This provides a percentage value indicating the degree of adoption by 

farmers. 
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Model II: Logistic Regression for Factors Affecting Technology 

Adoption 

This model examines the factors influencing the extent of postharvest 

technology adoption among farmers. 

0 1 1 2 2 5 5

( 1)
Logit( ( 1)) ln( ) ...

1 ( 1)
t

P TA
P TA X X X

P TA
    

=
= = = + + + + + +

− =
 

 

TA= Extent of technology adoption (1 = adopted, 0 = not adopted), 

X1= Education (1 = educated, 0 = not educated),  

X2= Income (in Naira),  

X3= Area of land cultivated (hectares),  

X4= Advisory services (number of services received),  

X5= Cost of technology (in Naira), and μt= Error term. 

 

4. Results and Discussion 

This section presents the results of the study, which analyzes data 

collected through structured questionnaires. 
 

Socioeconomic and demographic characteristics of tomato farmers 

Table 1 presents the socioeconomic and demographic data of the 

sampled tomato farmers in Benue State. The majority of the 

respondents (52.8%) were aged between 36 and 50 years, with 72.3% 

being male. Most respondents (59.7%) were married, and 41.4% had 

completed primary education. In terms of occupation, 71.5% of the 

respondents were primarily engaged in farming, and most (41.1%) had 

over 15 years of farming experience. The majority (55.9%) of the 

farmers managed farms larger than 7 hectares. 
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Table 1: Socioeconomic and demographic characteristics of 

tomato farmers 

Characteristics Frequency (n = 

365) 

Percentage 

(%) 

Age 
  

18–35 years 113 31.0 

36–50 years 193 52.8 

51 years and above 59 16.2 

Sex 
  

Male 264 72.3 

Female 101 27.7 

Marital Status 
  

Single 85 23.3 

Married 218 59.7 

Widow/Widower 24 6.6 

Divorced 38 10.4 

Educational Background 
  

No Formal Education 49 13.4 

Primary 151 41.4 

Secondary 103 28.2 

Tertiary 62 17.0 

Farm Size 
  

Below 3 hectares 31 8.5 

4–6 hectares 130 35.6 

7 hectares and above 204 55.9 

Source: Field Survey, 2021 

 

Respondents' perceptions of technology and postharvest losses 

The results indicate that a significant proportion of farmers’ 

experience postharvest losses at various stages of tomato production, 

particularly during transportation and storage. Most farmers (40%) 

produce between 51–100 baskets annually (Table 2), and nearly half 

(49.3%) rely on both hired and family labor for production (Table 3). 
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Table 2: Results for total annual output (in baskets) 

Total Annual Output (in 

baskets) 

Frequency Percentage 

(%) 

Below 50 baskets 98 26.8 

51–100 baskets 146 40.0 

101 baskets and above 121 33.2 
 

Source: Field Survey, 2021 

 

Table 2 shows that 45% of the farmers spent more than 

N50,001 on hired labor annually, whereas Table 5.5 illustrates that 

significant losses occurred during the transportation and storage 

stages, with 50.7% and 32.4% of the respondents reporting losses 

below 10 baskets and over 20 baskets, respectively. 

 

Table 3: Results on Source of Labor 

Source of Labor Frequency Percentage (%) 

Hired 109 29.9 

Family 76 20.8 

Both Hired & Family 180 49.3 
 

Source: Field Survey, 2021 

 

Adoption of postharvest technologies 

Table 4 summarizes the adoption of postharvest technologies by 

farmers. The most widely adopted technologies were the maturity 

stage of harvest (80.5%) and precooling (78.6%). However, only 

20.8% used cold rooms, and no respondents adopted refrigerated 

trucks, indicating gaps in technology use. 
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Table 4: Technology adopted by farmers 
Technology Adopted Number of 

Respondents 
(Frequency) 

Percentage 
(percent) 

Use of improved variety of crop 218 59.7 

Use of plastic creates 241 66.0 
Use of cold rooms 76 20.8 

Use of refrigerated trucks 0 0 
Precooling 287 78.6 

Advisory services 98 26.8 

Maturity stage of harvest 294 80.5 

Time of harvest 276 75.6 
 

Source: Field Survey, 2021 

 

Challenges to Technology Adoption in the Benue State 

Table 5 outlines the challenges respondents encountered in adopting 

postharvest technologies. The most significant barriers were the high 

cost of acquisition (33.4%) and lack of awareness (26.6%). 

 

Table 5: Challenges encountered by respondents in the adoption 

of technology 

Challenges Number of 

Respondents 

(Frequency) 

Percentage 

(percent) 

Lack of awareness of technology 97 26.6 

High cost of acquisition 122 33.4 

Inadequate information on 

proper usage 

88 24.1 

Ineffectiveness of technology 35 9.6 

Others 23 6.3 

Total 365 100 

 

Source: Field Survey, 2021 
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Table 5 shows the problems encountered by respondents in 

adopting technologies to reduce postharvest losses. The majority of 

respondents (33.4 percent) reported that the high cost of acquiring 

some technologies was a significant barrier, 26.6 percent indicated 

that they were unaware of certain technologies, 24.1 percent said that 

they had inadequate information on how to use some technologies, 9.6 

percent reported that some technologies were ineffective, and 6.3 

percent cited other unspecified reasons. This finding is corroborated 

by Agbarevo (2013), who stated that the effectiveness of information 

about a technology influences its adoption by farmers and that poor 

information leads to poor adoption. According to Kinyangi (2014) and 

Mosimabale (2011), one of the hindrances to the widespread adoption 

of postharvest practices as an alternative method for reducing losses 

is that a greater understanding of the skills and knowledge involved is 

needed. Similar findings by Maxwell (2014) revealed that the high 

cost of technology was the most pressing constraint affecting farmers’ 

adoption of technology in Sub-Saharan Africa. 

 

The impact of technology on postharvest losses of tomatoes in the 

Benue state 

The regression analysis conducted in this study aimed to assess the 

effects of various technological factors on the postharvest losses of 

tomatoes in Benue State, Nigeria.  

The results are presented in Table 6. 
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Table 6: Regression Results of Model I 
Variable Coefficient Std. 

Error 

z-Statistic Prob. 

X1 (Education) 0.911225 0.452546 2.013554 0.0441 

X2 (Gender) 1.872949 0.490826 3.815912 0.0001 

X3 (Age) 0.408203 0.291150 1.402037 0.0109 

X4 (Farm Size) 1.975971 0.556999 3.547528 0.0614 

X5 (Quantity Harvested) 1.564517 0.331899 4.713831 0.0000 

X6 (Improved Variety) -0.515243 0.654220 -0.787569 0.0309 

X7 (Plastic Crates) -0.660512 0.679575 -0.971948 0.0311 

X8 (Cold Room) -1.144944 0.707028 -1.619375 0.0054 

X9 (Refrigerated Van) -1.136817 0.657334 -1.729435 0.1037 

X10 (Precooling) -0.772439 0.414251 -1.864664 0.0222 

X11 (Advisory Service) -2.258623 0.693314 -3.257721 0.0011 

X12 (Stage of Harvest) -0.426758 0.556401 -0.766997 0.4431 

X13 (Time of Harvest) -2.156093 0.560975 -3.843476 0.0001 

C (Constant) 1.708698 0.585453 2.918593 0.0035 

McFadden R-squared 0.644731 
   

LR statistic 140.8803 
  

Prob (LR 

statistic) 

Source: Field Survey, 2021. 

 

From Table 6, the positive and statistically significant 

coefficient of education suggests that lower educational attainment is 

associated with greater postharvest losses. This finding is consistent 

with the argument that education opens farmers' minds to modern 

agricultural practices and technologies, thereby improving their 

capacity to reduce postharvest losses. Farmers with limited education 

may lack knowledge of critical techniques such as proper harvesting 

methods, storage options, and the use of advanced technologies that 

could mitigate these losses. These results align with the findings of 

Oduro-Ofori, Aboagye, and Acquaye (2014), who highlighted the role 

of education in improving agricultural productivity, and Ohagwu et 

al. (2021), who also reported that educated farmers are better 

positioned to adopt innovative agricultural technologies. Therefore, 

improving the educational status of farmers can clearly be a critical 

strategy for addressing postharvest losses. 

Gender also emerged as a significant factor, with a positive 

coefficient indicating that, compared with female farmers, male 
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farmers are more likely to experience postharvest losses. This finding 

contrasts with some studies that have suggested minimal gender 

differences in postharvest losses, such as Affognon et al. (2015). 

However, the current study confirms that gender plays a substantial 

role in agricultural output, as also observed by the FAO (2018) and 

Goka et al. (2021). The explanation for this could lie in the traditional 

gender roles and land ownership patterns in many parts of Nigeria, 

where men are more likely to be allocated land and take on the primary 

responsibilities for farming. As a result, they may face greater 

challenges in managing the scale of operations, especially in the 

absence of adequate postharvest management practices. 

Age is another factor that significantly influences postharvest 

losses, with older farmers showing a tendency toward greater losses. 

The positive coefficient of age suggests that older farmers may be less 

inclined to adopt new technologies and innovations, possibly because 

of a preference for traditional farming methods or a reluctance to 

change. This aligns with the argument that younger farmers, being 

more open to innovation, are likely to adopt modern technologies that 

reduce losses. These findings imply that efforts to reduce postharvest 

losses should include targeted training and outreach programs 

specifically designed to encourage older farmers to adopt modern 

practices. 

Farm size, while showing a positive coefficient, was not 

statistically significant, indicating that farm size alone does not have 

a substantial effect on postharvest losses. This contrasts with studies 

such as Babalola et al. (2010), who suggested that larger farms might 

experience more losses due to difficulties in managing harvest and 

storage. However, the findings of this study suggest that the 

availability of adequate storage facilities and labor, rather than farm 

size per se, are more critical determinants of postharvest losses. Thus, 

the focus should be on providing adequate storage solutions and 

ensuring that farmers have access to the labor necessary to manage 

large harvests efficiently, irrespective of farm size. 

One of the key findings of this study was the significant impact 

of the quantity of tomatoes harvested on postharvest losses. As 
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expected, larger quantities of harvested tomatoes were associated with 

increased losses, largely due to inadequate storage facilities and the 

labor-intensive nature of handling large volumes. This finding is 

consistent with previous studies by Aidoo, Danfoku, and Mensah 

(2014) and Babalola et al. (2010), who reported that insufficient 

storage capacity exacerbates losses, especially during peak harvesting 

periods. Addressing this issue would require investments in 

infrastructure, such as cold storage facilities, to accommodate large 

harvests and reduce the dependence on manual labor, which often 

leads to delays and inefficiencies in handling the produce. 
The study also highlighted the importance of specific 

postharvest technologies in reducing losses. The use of improved 
tomato varieties was found to significantly decrease postharvest 
losses, as these varieties are often bred for better shelf-life and 
resistance to spoilage. This finding is supported by Moneruzzaman et 
al. (2009) and Aidoo et al. (2014), who noted the critical role that 
improved crop varieties play in reducing losses. Similarly, the 
adoption of plastic crates instead of traditional raffia baskets was 
found to significantly reduce losses during transportation and storage. 
This result aligns with the findings of Muhammad, Hionu, Olayemi 
(2012) and Njume et al. (2020), who reported that plastic crates 
provide better protection for tomatoes during transport and storage, 
thereby minimizing damage and spoilage. 

The use of cold storage facilities, such as cold rooms, has also 

proven to be a significant factor in reducing postharvest losses. The 

negative and statistically significant coefficient for cold room usage 

underscores the importance of temperature control in preserving the 

quality of harvested tomatoes. This finding corroborates the work of 

Yahaya and Mardiyya (2019), who emphasized the critical role of cold 

storage in extending the shelf-life of perishable crops. Similarly, 

precooling systems were found to be effective at reducing postharvest 

losses, as they help rapidly lower the temperature of harvested 

tomatoes, thereby slowing the rate of spoilage. This result is consistent 

with the findings of Yahaya and Mardiyya (2019) and Njume et al. 

(2020), who demonstrated the benefits of precooling in reducing 

losses. 
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The provision of advisory services was another significant 

factor influencing postharvest losses. The negative coefficient 

associated with advisory services implies that access to information 

and guidance on modern agricultural practices significantly reduces 

losses. This finding supports the conclusions of Sinyolo, Mudhara, 

and Wale (2014), who argued that advisory services provide farmers 

with access to new technologies and knowledge, which ultimately 

improves agricultural productivity. The stage and time of harvest are 

also important considerations. The results revealed that tomatoes 

harvested at the appropriate stage and time, particularly during the 

cooler parts of the day, experienced significantly lower losses. This 

finding is in line with previous studies by Muhammad et al. (2012) 

and Obekpa (2018), who emphasized the importance of harvesting 

tomatoes at the right time to minimize spoilage. 

The H-L statistic is reported as 0.1133, which is greater than 

0.05, indicating that the model adequately fits the data. The Andrews 

test statistic is 85.7808, which is significant at the 5% level, 

confirming that the model has a good fit. The Hosmer-Lemeshow test 

for goodness-of-fit returned a significance value of 0.1133, indicating 

that the model fit the data adequately. 

 

Extent of Technology Adoption 

The extent of technology adoption was calculated as follows: 
7

100 87.5%
8

TA =  =  

 

This indicates that 87.5% of available technologies were 

adopted by farmers in Benue State, reflecting a relatively high 

adoption rate despite certain challenges. 

 

Factors affecting the level of adoption of postharvest technology in 

the Benue state 

The regression analysis presented in Table 7 assesses the factors that 

influence the adoption of postharvest technologies in tomato 

production. 
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7: Regression Results of Model II 
 

Variable Coefficient Std. Error z-Statistic Prob. 

X1 (Education) 1.427949 0.291482 4.898917 0.0000 

X2 (Income) 0.596532 0.441353 1.351598 0.1765 

X3 (Area of Land) 0.489891 0.499524 0.980716 0.3267 

X4 (Advisory Services) 1.314537 0.508429 2.585490 0.0097 

X5 (Cost of Technology) -1.024871 0.486668 -2.105892 0.0352 

Constant (C) -0.480496 0.266166 -1.805247 0.0710 
 

Source: Field Survey, 2021 

 

The results in Table 7 indicate that education is the most 

significant factor influencing the adoption of postharvest 

technologies. The positive and highly statistically significant 

coefficient (1.427949) for education suggests that as the educational 

level of farmers increases, so does the likelihood of adopting new 

technologies. This finding highlights the vital role that education plays 

in equipping farmers with the knowledge and skills necessary to 

understand, implement, and benefit from innovative agricultural 

practices. Educated farmers are more likely to be aware of the 

existence of postharvest technologies, understand their benefits, and 

have the ability to apply them effectively. This result aligns with the 

findings of previous studies, such as those by Oduro-Ofori et al. 

(2014) and Aidoo et al. (2014), which emphasize the importance of 

education in agricultural technology adoption. 

Income also plays a positive, though less pronounced, role in 

influencing the adoption of postharvest technologies. The positive 

coefficient (0.596532) for income indicates that as farmers' income 

levels increase, so does their likelihood of adopting new technologies. 

However, this factor was not statistically significant at the 5 percent 

level, suggesting that while income is important, it may not be the 

primary driver of adoption in the context of Benue State. This finding 

suggests that although wealthier farmers may have greater financial 

capacity to invest in postharvest technologies, other factors, such as 

education and access to advisory services, may play a more critical 

role in facilitating adoption. The implications of this finding are 
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twofold: first, increasing farmers' income alone may not be sufficient 

to increase technology adoption; second, efforts to increase adoption 

should focus not only on financial resources but also on providing 

education and support services that empower farmers to make 

informed decisions. 

The area of land cultivated also positively influenced the 

adoption of postharvest technologies, as indicated by the positive 

coefficient (0.489891). However, similar to income, this factor was 

not statistically significant at the 5 percent level, which suggests that 

while larger farm sizes may be associated with greater technology 

adoption, it is not a decisive factor in this context. This finding 

contrasts with those of several previous studies, which suggest that 

larger farm sizes often lead to higher adoption rates because 

economies of scale make it more cost-effective to invest in 

technologies. However, in the case of Benue State, the marginal 

influence of farm size could indicate that smallholder farmers are just 

as likely as their larger counterparts are to adopt technologies, 

provided that they have access to the necessary resources, knowledge, 

and support. 

Advisory services emerged as another significant factor 

positively influencing the adoption of postharvest technologies, with 

a coefficient of 1.314537, which was statistically significant at the 5 

percent level. Advisory services provide farmers with access to crucial 

information about new technologies, training on how to use them 

effectively, and guidance on best practices for reducing postharvest 

losses. The availability of such services can bridge the knowledge gap 

that often hinders technology adoption, particularly among less 

educated or more traditional farmers. This result is consistent with the 

findings of Sinyolo, Mudhara, and Wale (2014), who emphasized the 

role of extension services in facilitating technology adoption by 

smallholder farmers. 

Interestingly, the cost of technology emerged as a significant 

barrier to adoption, with a negative coefficient (-1.024871), indicating 

that higher costs deter farmers from adopting new postharvest 

technologies. This finding aligns with numerous studies that have 
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identified the high cost of agricultural technologies as a major obstacle 

to their widespread adoption, particularly in developing countries. The 

statistical significance of this variable suggests that even when 

farmers recognize the benefits of adopting postharvest technologies, 

the financial burden associated with purchasing, maintaining, and 

operating these technologies may prevent them from doing so. 

In terms of model fit, the McFadden R-squared value of 

0.414624 indicates a moderate level of explanatory power, suggesting 

that the independent variables collectively explain approximately 41% 

of the variation in the dependent variable (technology adoption). This 

is a relatively strong result for models examining behavioral outcomes 

such as technology adoption, which are often influenced by a wide 

range of socioeconomic, cultural, and environmental factors. The LR 

statistic (92.10) further confirms the overall significance of the 

variables incorporated in the model, suggesting that the model as a 

whole provides a robust explanation of the factors influencing 

technology adoption among tomato farmers in Benue State. 

 

5. Conclusion and Policy Recommendations 

The study concludes that education is crucial for reducing postharvest 

tomato losses in Benue State, as it enhances farmers' ability to apply 

modern practices. Gender differences, age, and the quantity of 

tomatoes harvested also influence losses, with older farmers and 

higher harvest volumes leading to increased losses. The adoption of 

technologies such as improved varieties, plastic crates, and cold 

storage significantly reduces losses, whereas high technology costs 

remain a major barrier among other factors, such as limited awareness 

and inadequate infrastructure. Despite these barriers, many farmers 

are already adopting various technologies. However, these barriers 

still hinder the widespread and effective use of available technologies. 

On the basis of the findings of this study, several targeted actions have 

been proposed to address the issue of postharvest losses in tomato 

production in Benue State. These recommendations are aimed at 

enhancing the capacity of tomato farmers, improving infrastructure, 

and encouraging greater investment in postharvest technologies. 
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First, the government, through the Ministry of Agriculture and 

other related bodies, should organize and implement regular training 

programs, workshops, and seminars focused on modern harvesting 

techniques, proper postharvest handling, and improved storage 

practices. These initiatives should be conducted in farming districts 

and tailored to the specific needs of local farmers. The training 

sessions should include practical demonstrations and hands-on 

approaches, with a focus on reducing postharvest losses and 

improving the quality of tomatoes. Agricultural research institutions 

and universities should be involved in this capacity-building effort, 

providing expert trainers and access to the latest research and 

techniques in postharvest management. This collaborative effort will 

ensure that farmers receive up-to-date and relevant information, 

empowering them to reduce postharvest losses effectively. 

The Agricultural Development Project (ADP) extension 

agents and other agricultural advisory bodies must also intensify their 

outreach efforts to educate farmers on the best practices for 

postharvest management. To increase the effectiveness of these 

programs, extension agents should target more rural areas, ensuring 

that information on better storage, packaging, and transportation 

techniques reaches all tomato farmers. These efforts should be 

complemented by regular field visits, during which extension agents 

can provide personalized advice and guidance on postharvest 

management. To support these agents, the government must provide 

adequate resources, including vehicles, teaching materials, and tools 

necessary to facilitate efficient outreach. Coordination among ADP 

agents, farmer cooperatives, and local leaders is crucial in mobilizing 

farmers and ensuring high levels of participation in these programs. 

Private sector involvement in postharvest infrastructure 

development should be encouraged through various incentives. The 

government should actively promote private investment in the 

construction of cold storage facilities and refrigerated transportation 

solutions at the local and district levels. Incentives such as tax breaks, 

subsidies, and grants could attract entrepreneurs to invest in 

postharvest infrastructure, helping to mitigate the significant 
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postharvest losses experienced by farmers. A public‒private 

partnership (PPP) model could be considered for the development of 

these facilities, where the state and private sector collaborate to ensure 

that infrastructure projects meet local needs. Local governments 

should assist in land acquisition and ensure that the construction of 

cold storage units adheres to regulatory standards, thereby providing 

farmers with access to facilities that extend the shelf life of their 

tomatoes. 

In addition to cold storage, there is an urgent need for 

refrigerated transportation solutions to prevent spoilage during the 

transit of tomatoes from farms to markets. The government, in 

collaboration with private logistics companies, should introduce a 

fleet of refrigerated vehicles that farmers can access at subsidized rates 

or through cooperative arrangements. These cooperatives pool 

resources to ensure that farmers, especially smallholders, can afford 

these services. By improving transportation infrastructure and 

ensuring that tomatoes are transported under the right conditions, 

postharvest losses during transportation can be significantly reduced. 

Additionally, transportation cooperatives should be strengthened to 

streamline logistics and ensure the timely delivery of produce to 

markets. 

Financial institutions must play a central role in supporting 

farmers by providing them with access to affordable credit. Tailored 

financial products should be developed to meet the specific needs of 

smallholder farmers, enabling them to invest in essential postharvest 

technologies such as refrigerators, plastic crates, and cooling systems. 

The Central Bank of Nigeria (CBN) and other regulatory bodies 

should encourage banks and microfinance institutions to offer low-

interest loans (capped at no more than 0.9%) with flexible repayment 

terms that align with the agricultural cycle. Partnerships between 

financial institutions and farmer cooperatives could further streamline 

the loan process, with cooperatives acting as guarantors for farmers. 

This arrangement ensures that credit is both accessible and 

manageable, thus empowering farmers to invest in the necessary tools 

to reduce postharvest losses. 
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Another critical recommendation is the creation of well-

organized and efficient markets for tomato farmers. The government 

should work with market associations and local governments to 

establish centralized markets equipped with appropriate 

infrastructure, including storage facilities and cooling units. These 

organized markets would offer farmers a reliable outlet for their 

produce, reducing the risk of spoilage while they wait for buyers. 

Furthermore, the government must prioritize investments in rural road 

networks to improve transportation efficiency. Poor road conditions 

constitute one of the major factors contributing to postharvest losses 

during transportation. Therefore, the Federal and State Ministries of 

Works and Transportation should collaborate to ensure that roads 

connecting tomato-producing areas to major markets are well 

maintained and expanded where necessary. 
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