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Abstract 
The study assessed the knowledge of tomato farmers in Enugu State, Nigeria. Specifically, 
the study determined the knowledge level and practical skills of farmers on post-harvest 
handling, ascertained the causes of post-harvest losses, and ascertained the constraints to 
tomato post-harvest handling. Four local government areas were purposefully selected for 
predominating IN tomato production. A structured questionnaire was used for data collection. 
Percentage, mean score, standard deviation, and linear regression were used for data 
analysis. There is a significant negative relationship between annual income from production 
(t = -4.306) and their knowledge of post-harvest handling. Most farmers (84.2%) had moderate 
skills in post-harvest handling. Excess heat (40.0%) was the main cause of post-harvest loss. 
The major constraints to post-harvest handling include the high cost of improved implements 
(𝑥̅ =4.75) and inadequate knowledge about post-harvest technologies (𝑥̅=4.43). Farmers had 
moderate knowledge and skills for post-harvest handling, which causes huge losses in product 
and profit. Adequate training should be given to farmers by the extension agents on non-
tasking and cost-effective post-harvest techniques. The government should make available 
and accessible post-harvest technologies to farmers for improved production.  
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Introduction  
The issue of food loss has posed a significant obstacle to global food production and 
supply networks, especially in many developing nations like Nigeria, and over time, 
this has caused a considerable decline in livelihood outcomes, such as lower 
household income and increased food insecurity among rural residents (Brander et 
al., 2020).  

There are various types of vegetables produced in Nigeria, including carrots, shallots, 
peppers, tomatoes, sweet potatoes, potatoes, onions and okra. Nonetheless, the FAO 
reports that in 2017, Nigeria produced 7.2 million metric tons of various vegetables, 
0.22 million metric tons of turnips and carrots, and 2 million metric tons of okra 
(FAOSTAT, 2021). One of the most important vegetables in Nigeria is the tomato, 
which is farmed and consumed by the people. There were 4.1 million metric tons of 
tomatoes produced in 2017. Tomatoes account for 90% of output and are a preferred 
crop of small-scale growers because of their large consumer base and high production 
volume (FAOSTAT, 2021). In addition to providing revenue for Nigerian rural farmers, 
the production of tomatoes contributes significantly to home food security and 
individual household nutrition, hence boosting farmer's livelihoods (Ajibare et al., 
2022). Tomatoes are a highly beneficial crop, but their production is rendered 
unprofitable due to post-harvest losses. This has a negative impact on food quality, 
pricing, and market competitiveness (Sibanda & Workneh, 2020; Abera et al., 2020). 
Fresh tomatoes are predicted to lose $8.9 billion a year due to considerable post-
harvest losses that result in household income losses (Oke et al., 2020). 

Losses can arise at every phase and procedure, from harvesting to consumption 
(Abera et al., 2020; Wongnaa et al., 2023), and the underlying factors contributing to 
post-harvest loss have a wide range of features. Several studies have linked the post-
harvest loss in tomato supply chains to quality control issues, such as the use of 
wooden crates for packaging, which results in undesirable compressive forces that 
cause internal injuries and ultimately reduce the postharvest quality of the tomatoes, 
or logistic issues, such as inappropriate modes of transport (Musonda & Mwila, 2024). 
Moreover, as per Mohan et al. (2023), the reason behind this could be the degree of 
knowledge that these farmers possess and how susceptible their contextual features 
are to post-harvest loss. 

According to Kulwijila (2021), socioeconomic characteristics like age, income, gender, 
land size, and market type were the primary focus of other studies on the main causes 
of post-harvest loss in tomato supply chains. For this reason, large postharvest losses 
hinder tomato yield. To guarantee the quality and safety of tomatoes during their post-
harvest handling, farmers must possess the necessary knowledge and abilities. This 
will allow them to meet the trade requirements and buyer specifications while ensuring 
that the vegetables are delivered to consumers on schedule.   

It is on this note that this study addressed the following research questions: What is 
the knowledge level of farmers in the post-harvest handling of tomatoes? What level 
of practical skills do the farmers possess in the post-harvest handling of tomatoes? 
What are the causes of post-harvest losses in tomato production? What are the 
constraints encountered by farmers during post-harvest handling? And also 
understand the significant relationship between farmers' socio-economic 
characteristics and their knowledge level of post-harvest handling of tomatoes.  
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Methodology 

The study was conducted in Enugu State, Nigeria. The state is located in the 
Southeast Geo-Political Zone of the country, lying between latitudes 5◦ 56’N and 7◦ 
06’N and longitudes 6◦ 53’E and 7◦ 55’E. A multistage sampling procedure was used 
to select ninety-six (96) tomato farmers. In the first stage, two agricultural zones 
(Nsukka and Awgu) were selected through a purposive sampling technique from the 
six agricultural zones in the state due to the dominance of tomato farmers in the 
selected zones. In the second stage, two blocks were selected from each zone using 
a simple random technique, giving a total of four blocks. The blocks were Nsukka and 
Igbo-Etiti (Nsukka zone), Awgu, and Aninri (Awgu zone). In the third stage, two circles 
were selected from each block through a simple random sampling technique to give a 
total of eight circles. The circles were Eziani and Obukpa from Nsukka Block, Ekwegbe 
and Ozalla from Igbo-Etiti Block, Mgbowo and Akwu from Awgu Block, and Amorji and 
Amokwe from Aninri Block. Stage four has 12 farmers each selected through a 
systematic random sampling technique. Thus, the total sample size for the study was 
ninety-six (96). 

Data was collected on socio-economic variables, including sex, age (in years), marital 
status (married, single, widowed, or separated), educational level (primary, secondary, 
or tertiary), and household size (number). The knowledge and skill were ascertained 
using yes and no, scored as 1 and 0 and responses were categorized based on their 
level of knowledge as No knowledge (0), low knowledge (0.1-0.33), moderate 
knowledge (0.34-0.66) and high knowledge (0.64-1) and same was adopted for skill 
as No practical skill (0), low practical skill (0.1-0.33), moderate practical skill (0.34-
0.66) and high practical skill (0.64-1). The causes of tomato post-harvest losses were 
measured as yes or no. Limitations influencing post-harvest handling were measured 
using a 3.0-point Likert-type scale. Data were analysed using standard deviation, 
mean score, frequency, and percentage. 
 
Results and Discussion 
 
Knowledge Statements on Post-harvest Handling of Tomato 
The result in Table 1 reveals that the majority (93.3%) of the respondents knew that 
sorting is necessary for the removal of rotten, damaged, or diseased fruits from healthy 
and clean ones. Fruits that are infected or damaged can generate large amounts of 
ethylene, which can have an impact on nearby fruits. Pokhrel (2021) stated that it is 
necessary to remove diseased tomato fruit to avoid contamination of other healthy 
fruits; if not, this will lead to contamination, which results in rotten products and post-
harvest loss of tomatoes. 

Table 1 indicates that the majority (92.5%) of the respondents knew that efficient and 
effective picking can increase the shelf life of tomatoes. According to Mohan et al. 
(2023), careful tomato selection extends its shelf life, but careless treatment of 
tomatoes during and after harvest results in low yields, waste, and financial losses for 
farmers. Rajapaksha et al. (2021) estimated losses for fruits and vegetable crops to 
range from 4–12% as a result of poor harvesting practices, including mechanical 
damage due to rough picking and handling in the field. 



 
 

83 
 

The result in Table 1 shows that the majority (90.0%) of the respondents knew that 
proper storage facilities help to protect tomatoes from deteriorating. Due to their high 
moisture content, tomatoes are exceedingly difficult to keep for an extended period at 
room temperature. Tomatoes can be kept for up to 7 days at room temperature. For a 
longer period, tomatoes can be stored at a temperature of 13°C–15°C and a relative 
humidity of 80–85% (Silva et al., 2021). To guarantee a steady supply of raw materials 
for processors, storage is typically necessary throughout the tomato value chain. Non-
availability of storage facilities to local farmers implies that farmers will have to sell at 
reduced prices as they cannot keep the highly perishable products from deteriorating 
(Tongbram et al., 2021). However, in most cases, tomatoes are not stored fresh 
because of their high perishable nature. 

Entries in Table 1 show that the majority (83.3%) of the respondents indicated that for 
short-term storage (up to a week), tomato fruits can be stored at room temperature 
provided there is enough ventilation to reduce the accumulation of heat from 
respiration. Rutta (2022) stated that the majority of tomato farmers in Tanzania stored 
their vegetables under normal temperature conditions. This research revealed that the 
majority of farmers spread tomatoes on the floor of the room while leaving the windows 
open to allow for cross-ventilation. Respondents stated that this helps prolong the shelf 
life of tomatoes. 

The result in Table 1 shows that the majority (82.5%) of the respondents knew that 
pre-cooling after harvesting was necessary for the increased shelf life of tomatoes. 
This finding agrees with Makule et al. (2022), who found that most of the tomato 
farmers in Taraba State do not package tomatoes immediately after harvest but leave 
them for some time to cool. When many fruits and vegetables are ready for harvest, 
field heat is typically high and undesired. It should be eliminated as soon as possible 
before beginning any postharvest handling activities (Makule et al., 2022). 

Table 1 reveals that the majority (82.5%) of the respondents also knew that using 
smooth surfaces and shallow containers would prevent overloading, thereby reducing 
mechanical injuries to the harvested tomato. According to the respondents, the use of 
the “happy family” bowl is a result of the smooth surface, which prevents tomatoes 
from spoilage, especially during transportation. Njilar et al. (2023) noted that 
packaging containers with sharp edges must be discouraged to avoid bruising and 
puncturing of the produce. 
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Table 1: Knowledge statement on post-harvest handling of tomato  

 Knowledge statement on post-harvest handling  (%) 

 Sorting 93.0 
 Effective picking 92.0 
 Proper storage facilities 90.0 
 Short-term storage 83.0 
 Pre-cooling 82.5 
 Smooth surface 82.5 
 Optimum temperature 80.0 
 Overloading 76.7 
 Proper packaging during transportation 76.7 
 Ambient temperature during storage 65.0 
 Use of oversized basket 64.2 
 High temperature induces deterioration 61.7 
 Use of tree shades 60.0 
 Storage extends the length of the processing seasons 56.7 
 Packaging helps protects tomatoes 55.0 
 Woven basket is very harsh with harvested tomatoes 40.8 
 Low temperature destroy the shelf-life of tomatoes 47.5 
 Improper packaging causes mechanical damage  20.0 
 Refrigerated vehicles preserves tomato quality 7.5 

 
Table 1 reveals that the majority (80.0%) of respondents agreed that the optimum 
temperature for tomato harvesting is about 20 °C and can be attained either in the 
early hours of the morning or late in the evening. Most of the respondents stated that 
they pick tomatoes in the morning or evening, which implies that they realize the 
importance of harvesting tomatoes in the morning or evening for an increase in the 
shelf life of tomatoes. According to Firdous (2020), the time of tomato picking is 
considered the most important factor in post-harvest losses as well as deterioration of 
quality.  

 Table 1 reveals that the majority (76.7%) of the respondents knew that overloading 
during harvesting can cause the buildup of excessive compressive stresses, resulting 
in the crushing of fruits that are found at the base of the containers. Before the use of 
bowls, most of the produce spoiled along the way because of compression between 
the baskets, which caused the food to be crushed before it got to its destination. A 
study by Joseph, Bunyatta, and Langat (2021) found that most of the respondents 
place their produce on top of each other and make a huge heap, which leads to 
spoilage of produce at the bottom due to the high heat generation. 

According to Table 1, the majority (76.7%) of respondents were aware that in order to 
minimise excessive movement or vibration during transit, the produce should be 
immobilised by adequate packing and stacking. According to Tkaczyk and Szpotaski 
(2023), physical damages might occur during transit due to package sizes (big bags), 
vehicle overloading, and unsuitable packing materials, resulting in excess vibration. 
 
Similarly, Table 1 reveals that a larger number (65.0%) of respondents were aware 
that preserving tomatoes at low temperatures can improve their texture, nutrition, 
flavour, and aroma. According to Chen et al. (2020), correct temperature management 
throughout tomato ripening and storage is crucial to sustaining quality. 
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Table 1 shows that a greater proportion (64.2%) of the respondents knew that an 
oversized woven basket results in excessive crushing forces on tomatoes located at 
the base of the basket. According to Adepeju (2014), inefficient packaging of produce 
during transportation results in excess crushing of tomato fruits at the base of the 
basket as they are usually heaped on top of one another. 
 
Entries in Table 1 show that a greater proportion (61.7%) of the respondents knew 

that high temperature induces deterioration of tomatoes. Tao et al., (2021) stated 

that tomatoes deteriorate easily in transit and storage, especially under conditions of 

high temperature and humidity.  

Koza (2022) found that tomatoes in Turkey suffered losses owing to exposure to dire

ct sunlight after harvesting. Heat and hot weather increase on-

arm losses in tomatoes. 

The data presented in Table 1 indicates that a higher percentage of respondents 
(60.0%) were aware that tree shadows are not dependable for shielding tomato since 
they tend to move away from the produce when the sun shifts its position. Tree shades 
are unreliable, according to Moerman (2023), since they tend to move away from the 
produce when the sun moves. This exposes the fruits to the hot sun, which builds up 
field heat on the food.  

According to Table 1, about half (56.7%) of the respondents were aware that storage 
contributes to the extension of the processing season and ensures a consistent supply 
of products across the seasons. Storage is typically necessary to guarantee 
processors have a steady supply of raw materials; storage procedures help lengthen 
the processing season and guarantee product supply continuity in all seasons 
(Ochida, et. al., 2019). 

Table 1 shows that about half (55.0%) of the respondents knew that packaging can 
help protect tomatoes from contamination from physical, chemical, and biological 
sources. This finding corroborates that of Moerman (2023) that tomato farmers agree 
that packaging had the highest potential of reducing postharvest losses but that the 
majority of farmers do not perform potential postharvest handling activities mainly due 
to insufficient knowledge and skills. These results demonstrate the respondents' 
familiarity with various post-harvest handling techniques. Their understanding of post-
harvest procedures may enable them to handle the commodity better after harvest, 
increasing their revenue. It is noteworthy that a sizable portion of the respondents 
lacked knowledge of contemporary post-harvest handling technologies, such as the 
use of polyvinyl chloride, methyl cyclopropane, and modified environment packaging. 
This necessitates raising tomato growers' understanding of the procedures and 
training them in their execution.   

Knowledge level on post-harvest handling of tomato  
The majority (86.6%) of the respondents had high knowledge of post-harvest handling 
of tomatoes, while 6.7% had low knowledge and 6.7% had moderate knowledge 
(Figure 1). This shows that respondents had a high understanding of how to handle 
tomatoes after harvest and are capable of incorporating this knowledge into their 
practices to handle tomatoes better. According to Njenga, (2021), the knowledge level 
of farmers is influenced by many factors ranging from age, educational level, years of 
farming experience, farm size, and belonging to farmer’s groups which plays a key 
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role to persuading farmers to share challenges, try new technologies and exchange 
new information. 

 
Figure 1: Knowledge level on post-harvest handling of tomato of tomato 
  
Level of Practical Skill of Farmers in Post-Harvest Handling of Tomato 
 
The majority (84.2%) of the respondents had moderate skill in post-harvest handling 
(Fig 2), while 9.2% had low skill and 6.7% had high skill. The farmers' moderate post-
harvest handling skills indicate that they needed to increase their abilities to lower 
tomato post-harvest losses. Farmers would lose more due to spoilage if they do not 
practice good post-harvest handling. According to Despoudi, (2021), food losses are 
mainly due to lack of technology, insufficient skill, and knowledge and management 
capacity of farmers. A study conducted by Mohammed and Usman (2023) revealed 
the implication of post-harvest losses of vegetables on pushing farmers into financial 
deficit which could negatively impact both farmers' and distributors' income which 
translates to wastage of energy and resources deployed for production.  

 
 
Figure 2: Level of practical skill on post-harvest handling 
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Causes of Post-Harvest Loss of Tomato  
Results in Table 2 show that a higher percentage of respondents (40.0%) thought that 
excessive heat was the primary reason why tomatoes lose their quality after harvest. 
According to Kumar (2020), high temperature causes biological processes like 
respiration and metabolism in fruits and vegetables to increase. The findings reveal 
that 38.3% of respondents claimed that excessive humidity and washing of produce 
before selling results in post-harvest loss; 32.5% claimed that pests were the cause, 
and 15.0% claimed that diseases were mainly the cause of post-harvest loss. Lufu et 
al. (2020) states that high crop perishability, mechanical damage, and prolonged 
exposure to high temperatures, relative humidity, and rain are the main physiological, 
physical, and environmental causes of post-harvest losses. Contamination by bacteria 
and fungi can also result from improper handling, storing, and processing techniques, 
as well as pest infestations including rats, birds, and insects.  

Table 2: Causes of post-harvest loss of tomato 

Causes of post-harvest loss of tomato       
Frequency 

Percentage  

Excessive heat 48 40.0 
High humidity and cleaning  with water 46 38.3 
Pests  39 32.5 
Disease  18 15.0 
Inadequate storage/processing facilities 15 12.5 
Poor transit and road network 14 11.7 
Excessive packing 13 10.8 
Improper sorting 12 10.0 
Inappropriate  handling 11 9.2 
Inappropriate ventilation 11 9.2 
Injury of crop  9 7.5 
Improper/premature harvesting 6 5.0 
Poor storage and short  shelf life  5 4.2 
Inadequate market materials 5 4.2 
Excessive use of chemicals and inorganic 
manure 

4 3.3 

Over  shades 2 1.7 
Untimely  harvest 2 1.7 

 

Table 2 shows that 12.5% of respondents reported inadequate storage/processing 
facilities, 11.7% poor transit and road network, 10.8% excessive tomato packing, 9.2% 
poor ventilation, 9.2% inappropriate handling, and 7.5% crop injury. Furthermore, 
5.0% showed improper/premature harvesting, while 4.2% indicated long storage and 
a short shelf life. According to Debebe (2022), poor infrastructure, harvesting methods 
and post-harvest handling procedures aggravate post-harvest loss. Additionally, 
Anyaoha et al (2023) discovered that post-harvest loss is caused by injuries brought 
on by bad handling, illnesses, and pest attacks. The respondents stated that while 
farmers deal with issues like birds and rodents throughout the year, they have just 
lately begun to deal with snail invasions on tomato plants. 

Constraints to Tomato Post-Harvest Handling 

Results in Table 3 show that the major constraints affecting tomato post-harvest 
handling were: high cost of improved implements (x̅=4.75), inappropriate knowledge 
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about post-harvest technologies (x̅=4.43), unavailability of technical advice (extension 
services) (x̅=4.34), lack of storage facilities (x̅=4.07), unavailability of labour (x̅=3.77), 
inadequate transport facility (x̅=3.27) and inadequate knowledge on application of right 

timing of harvesting (x̅=3.06) were all considered as the causes of post-harvest losses 
in tomato. High cost of improved implement deters farmers from using them hence 
leading to high production losses. Furthermore, according to Hussein et al. (2020), in 
developing countries, postharvest handling techniques for fruits and vegetables, such 
as enhanced storage, packaging, transport, and handling methods, were essentially 
non-existent for perishable crops in most regions. If they were, they were difficult for 
indigenous populations in the production areas to access, which resulted in significant 
produce losses. The unavailability of technical advice (extension services) implies that 
extension services have not been an effective means of obtaining information for the 
tomato farmers. This is consistent with Ohagwu et al. (2024) who noted that a lack of 
access to extension services was a key obstacle which limit farmers knowledge 
acquisition on some good agricultural practices for increased production. 

Table 3: Constraints to tomato post-harvest handling 

Constraints Mean (x̅) SD 

High cost of improved implements for post-harvest handling 4.75 0.54 

Inappropriate knowledge about post -harvest technologies 4.43 1.03 
Unavailability of technical advice  4.34 1.02 

Subsidy is not given on different agricultural Inputs 4.34 1.15 
Lack of storage facilities 4.07 1.41 

Inadequate knowledge and skills about proper methods of tomato  
production 

3.77 1.28 

Inadequate knowledge about proper application methods of 
chemicals 

3.70 1.27 

Absence of assured insurance facility 3.39 1.61 

Inadequate transport facility.  3.27 1.61 
Inadequate knowledge and application of the right timing for 
Harvesting 

3.06 1.58 

Absence of assured marketing   2.78 1.28 
Tomato markets are too far 2.64 1.47 
Poor transport network 2.33 1.26 

 

Relationship between Socio-Economic Characteristics of Farmers and  
Knowledge Level of Post-Harvest Handling of Tomato  
 
Table 4 shows the result of the multiple linear regression on the effect of socio-
economic characteristics of respondents on their knowledge level of post-harvest 
handling of tomatoes. Results show that there is a significant negative relationship 
between annual income from tomato production (t= -4.306; P≤ 0.05) and their 
knowledge of post-harvest handling of tomatoes. This means that the more the income 
of the respondents, the less their knowledge of post-harvest practices in tomato 
production. The implication of this finding indicates that low knowledge of post-harvest 
practices leads to high income of farmers and hence increase in quantity produced. 
and sold. These data are contrary to the conclusion reached by Sani et al. (2023), that 
the overall value of postharvest losses has a detrimental impact on tomato growers’ 
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per-capital income and thus welfare. According to the modified R2, income accounted 
for 16.9% of the variation in respondent’s knowledge of post-harvest practices. 

 
Table 4:  Relationship between the socio-economic characteristics of farmers 
and their knowledge level of post-harvest handling 

 

 ** P≤ 0.05  

Conclusion and Recommendations 

Tomato wastage/loss is as a result of lack of storage facilities and lack of knowledge 
on the simple techniques for tomato preservation which discourages the farmers after 
channelling all their limited resources to production. The weather-related factors that 
contribute to tomato post-harvest loss include high humidity, excessive heat, pests 
and diseases, and inadequate ventilation. Governments should provide farmers with 
access to some post-harvest technologies in order to increase production. Extension 
agents should also teach farmers low-cost, low-task post-harvest techniques so that 
farmers can manage their crops more efficiently. Governments should build a 
marketing structure for tomato farmers and also build industries/processing factories 
for tomatoes, thus encouraging farmers to cultivate more.  

References 

Abera, G., Ibrahim, A. M., Forsido, S. F., & Kuyu, C. G. (2020). Assessment on post-
harvest losses of tomato (Lycopersicon esculentem Mill.) in selected districts of East 
Shewa Zone of Ethiopia using a commodity system analysis methodology. Heliyon, 
6(4), e03749. https://doi.org/10.1016/j.heliyon.2020.e03749 

Ajibare, D. B., Anthony, L., Alabi, O. O., Njoku, V. O., Ukaoha, C. A., & Oluleye, O. D. 
(2022). Resource Use Efficiency and Profitability Analysis of Tomato Production 
(Lycopersicum Esculetum Species) in Federal Capital Territory, Nigeria. European 
Journal of Agriculture and Food Sciences, 4(5), 75–82. 
https://doi.org/10.24018/ejfood.2022.4.5.539 

Anyoha, N. O., Aja, O.O., Udemba, H. C., Okoroma, E.O .(2023). Causes of cassava post-
harvest losses among armers in Imo State, Nigeria. Journal of Agricultural 
Extension.Journal of Agricultural Extension Vol 27 (2)73-79. 
https://dx.doi.org/10.4314/jae.v27i2.7 

Variables 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

     T         B Std. Error     Beta 

1 (Constant) 0.468 0.084  5.601  
Sex 0.036 0.030 0.129 1.205  
Age -0.002 0.001 -0.227 -1.847  
Marital status  0.000 0.032 0.001  0.007  
House hold size 0.008 0.006 0.144 1.374  
Educational level 0.018 0.044 0.047 0.419  
Farm experience 0.003 0.002 0.199 1.686  
 Estimated                                     
Tomato income 

 
1.360E-7 

 
0.000 

 
-0.440 

 
-4.306** 

 

 Tomato farm size -0.009 0.026 -0.034 -0.325  
 Produced quantity -0.001 0.001 -0.171 -1.238  
 Loss quantity 0.001 0.003  0.067   0.519  

https://doi.org/10.1016/j.heliyon.2020.e03749


 
 

90 
 

Brander, M., Bernauer, T., & Huss, M. (2020). Improved on-farm storagereduces seasonal 
food insecurity of smallholder farmer households –Evidence from a randomized 
control trial in Tanzania. Food Policy,98, 101891 

Debebe, S. (2022). Post-harvest losses of crops and its determinants in Ethiopia: tobit 
model analysis. Agriculture & Food Security, 11(1). https://doi.org/10.1186/s40066-
022-00357-6 

 Despoudi, S. (2021). Challenges in reducing food losses at producers’ level: The case of 
Greek agricultural supply chain producers. Industrial Marketing Management, 93, 
520–532. https://doi.org/10.1016/j.indmarman.2020.09.022 

FAOSTAT, (2021).Global tomato production in 2021. Italy: FAO  
Firdous, N. (2020). Post-harvest losses in different fresh produces and vegetables in 

Pakistan with particular focus on tomatoes. Journal of Horticulture and Postharvest 
Research, Online First. https://doi.org/10.22077/jhpr.2020.3168.1125 

Hussein, Z., Fawole, O. A., & Opara, U. L. (2020). Harvest and postharvest factors 
affecting bruise damage of fresh fruits. Horticultural Plant Journal, 6(1), 1–13. 
https://doi.org/10.1016/j.hpj.2019.07.006 

Joseph, M., Bunyatta, D. K., & Langat, J. K. (2021). Perceptions of smallholder farmers on 
influence of packaging postharvest handling technology on quality of tomatoes in Kisii 
and Nyamira Counties, Kenya. East African Scholars Journal of Agriculture and Life 
Sciences, 4(6), 133–140. https://doi.org/10.36349/easjals.2021.v04i06.001 

 
Koza, W. (2022). Effects of climate variability on small-scale production of tomatoes 

(solarium lycopersicum) in Mopani District of Limpopo Province, South Africa. 
https://univendspace.univen.ac.za/handle/11602/2388 

Kulwijila, M. (2021). Socio-Economic Determinants of Post-Harvest Losses in the Grape 
Value Chain in Dodoma Municipality and Chamwino District, Tanzania. African 
Journal of Economic Review, 9(2). Retrieved May 10, 2024 

Kumar, A., & Singh, B. (2023). Pre-harvest treatments affecting the post-harvest quality of 
fresh produce. In Elsevier eBooks (pp. 1–17). https://doi.org/10.1016/b978-0-323-
91132-0.00008-3 

Kumar, S. (2020). Abiotic stresses and their effects on plant growth, yield and nutritional 
quality of agricultural produce. International Journal of Food Science and Agriculture, 
4(4), 367–378. https://doi.org/10.26855/ijfsa.2020.12.002 

Lufu, R., Ambaw, A., & Opara, U. L. (2020). Water loss of fresh fruit: Influencing pre-
harvest, harvest and postharvest factors. Scientia Horticulturae, 272, 109519. 
https://doi.org/10.1016/j.scienta.2020.109519 

Makule, E., Dimoso, N., & Tassou, S. A. (2022). Precooling and Cold Storage Methods for 
Fruits and Vegetables in Sub-Saharan Africa—A Review. Horticulturae, 8(9), Article 
9. https://doi.org/10.3390/horticulturae8090776 

Mohan, A., Ravindran, K., Kaur, A., Vandore, J., & Ramanathan, U. (2023). Management 
of Postharvest losses and wastages in the Indian Tomato Supply Chain—A 
Temperature-Controlled Storage Perspective. Sustainability, 15(2), 1331. 
https://doi.org/10.3390/su15021331 

Musonda, L., & Mwila, N. (2024). Factors influencing Post-Harvest Losses of Fresh Tomato 
in the Distribution Channel in Lusaka Markets. African Journal of Commercial 
Studies, 4(2), 104–112. https://doi.org/10.59413/ajocs/v4.i2.3 

Njenga, M.W; Mugwe, J. N; Mogaka,H .R; Nyabuga, G; Oduor, N; Kiboi, M; Ngetich, F; 
Mucheru-Muna, M; Sijali, I; Mugendi, D, (2021). Determinants of Farmers’ Knowledge 
on Soil and Water Conservation Technologies in Dry Zones of Central Highlands, 
Kenya Journal of Agricultural Extension Vol. 25 (4) 
https://dx.doi.org/10.4314/jae.v25i4.14 

 
Njilar, R. M., Ndam, L. M., Ngosong, C., Tening, A. S., & Fujii, Y. (2023). Assessment and 

characterization of postharvest handling techniques in the value chain of Malay apple 
(Syzygium malaccense [L.] Merr. & L.M. Perry) in the Mount Cameroon region. 

https://doi.org/10.22077/jhpr.2020.3168.1125
https://doi.org/10.1016/j.hpj.2019.07.006
https://doi.org/10.36349/easjals.2021.v04i06.001
https://univendspace.univen.ac.za/handle/11602/2388
https://doi.org/10.3390/horticulturae8090776
https://doi.org/10.59413/ajocs/v4.i2.3
https://dx.doi.org/10.4314/jae.v25i4.14


 
 

91 
 

Journal of Agriculture and Food Research, 13, 100634. ` 
 https://doi.org/10.1016/j.jafr.2023.1006341  

 Ohagwu, V.A., Chukwu, E. N., Onwubalili, O. G., Nwobodo, C. E., Ozioko, R. I., and 
Nnadi, O. I (2024). Gender Roles of Farmers in the Production of African Black 
Beans (Vigna unguiculata) In Selected States in South-East, Nigeria. Journal of 
Agricultural Extension 28 (1)37-48. https://dx.doi.org/10.4314/jae.v28i1.5 

Panno, S., Davino, S., Caruso, A., Bertacca, S., Crnogorac, A., Mandić, A., Noris, E., & 
Matić, S. (2021). A review of the most common and economically important diseases 
that undermine the cultivation of tomato crop in the Mediterranean basin. Agronomy, 
11(11), 2188. https://doi.org/10.3390/agronomy11112188 

Pokhrel, B. (2021). Review on post-harvest handling to reduce loss of fruits and 
vegetables. 2, 48–52. https://doi.org/10.33545/26631067.2020.v2.i2a.52 

Rajapaksha, L., Gunathilake, D. C., Pathirana, S., & Fernando, T. (2021). Reducing post-
harvest losses in fruits and vegetables for ensuring food security – Case of Sri Lanka. 
MOJ Food Processing & Technology, 9(1), 7–16. 
https://doi.org/10.15406/mojfpt.2021.09.00255 

Rutta, E. W. (2022). Understanding barriers impeding the deployment of solar-powered 
cold storage technologies for post-harvest tomato losses reduction: Insights from 
small-scale farmers in Tanzania. Frontiers in Sustainable Food Systems, 6. 
https://doi.org/10.3389/fsufs.2022.990528 

Sani, M. H., Kadau, R., Sani, R. M., & Danwanka, H. A. (2023). Analysis of socio-economic 
characteristics and post-harvest loss storage facilities used by vegetable crops value 
chain actors in adamawa state, nigeria. Nigerian Journal of Agriculture and 
Agricultural Technology, 3(1), 210–229. https://doi.org/10.59331/njaat.v3i1.471 

Sibanda, S., & Workneh, T. S. (2020). Potential causes of postharvest losses, low-cost 
cooling technology for fresh produce farmers in Sub-Sahara Africa. African Journal of 
Agricultural Research, 16(5), 553–566. https://doi.org/10.5897/ajar2020.14714 

Silva, C. J., Van Den Abeele, C., Ortega-Salazar, I., Papin, V., Adaskaveg, J. A., Wang, D., 
Casteel, C. L., Seymour, G. B., & Blanco-Ulate, B. (2021). Host susceptibility factors 
render ripe tomato fruit vulnerable to fungal disease despite active immune 
responses. Journal of Experimental Botany, 72(7), 2696–2709. 
https://doi.org/10.1093/jxb/eraa601 

Tao, F., Chen, W., & Jia, Z. (2021). Effect of simulated transport vibration on the quality of 
shiitake mushroom ( Lentinus edodes ) during storage. Food Science & Nutrition, 
9(2), 1152–1159. https://doi.org/10.1002/fsn3.2094 

Tkaczyk, S., & Szpotański, M. (2023). Damage to palletized loads in road transport. WUT 
Journal of Transportation Engineering, 137, 19–38. 
https://doi.org/10.5604/01.3001.0053.9656 

Tongbram, K., Singh, Y. C., & Singh, O. K. (2021). A Study on Production and Marketing 
Constraints of French Bean (Phaseolus vulgaris L.) Growers in Bishnupur District of 
Manipur. Asian Journal of Agricultural Extension, Economics & Sociology, 37–41. 
https://doi.org/10.9734/ajaees/2021/v39i930639 

Wongnaa, C. A., Ankomah, E. D., Ojo, T. O., Abokyi, E., Sienso, G., & Awunyo-Vitor, D. 
(2023). Valuing postharvest losses among tomato smallholder farmers: Evidence 
from Ghana. Cogent Food & Agriculture, 9(1), 2187183. 
https://doi.org/10.1080/23311932.2023.2187183 

 

https://doi.org/10.1016/j.jafr.2023.1006341
https://dx.doi.org/10.4314/jae.v28i1.5
https://doi.org/10.15406/mojfpt.2021.09.00255
https://doi.org/10.3389/fsufs.2022.990528
https://doi.org/10.1093/jxb/eraa601
https://doi.org/10.1002/fsn3.2094
https://doi.org/10.5604/01.3001.0053.9656
https://doi.org/10.9734/ajaees/2021/v39i930639
https://doi.org/10.1080/23311932.2023.2187183

