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Abstract: Tailored interventions in the tomato sector require current information on production and
marketing systems along with the constraints faced by the stakeholders. We conducted this study
to understand the current production practices, stakeholders’ varietal preferences, tomato market
trends, and challenges along the crop’s value chains. A multistage sampling method coupled with
a random walk was used to identify survey locations and identify 180 respondents across seven
regions in Ghana. The study showed that tomato was predominantly produced by male (81%) and
literate farmers (84%). Tomato farmers were smallholder farmers generally cultivating less than five
acres. Tomato was mainly cultivated under rainfed conditions. Farmers used both bought seeds and
their own saved seeds for production. Farmers in Bono, Greater Accra, and the Upper East region
largely cultivated improved tomato varieties, while farmers in the Bono East region cultivated local
varieties. Across the regions, being a male and having access to irrigation facilities increased the
probability of using improved varieties by 19% and 51%, respectively. The most important farmer
and market preference criteria included high yield, medium to large fruit size and rounded fruit
shape, red color, time to maturity and disease resistance. The major production challenges of tomato
production included diseases, pests, and poor access to water for irrigation. The average yield of
tomato varied from 6902.26 kg /ha in the Bono Region to 16,213.98 kg /ha in Bono East. Tomato was
exclusively produced for fresh market. The major marketing challenges were low producer prices,
low demand for produce, and competition from other farmers. This study provides key information
to improve tomato value chains and guide the introduction or breeding of improved tomato varieties.

Keywords: Solanum lycopersicum; production practices; market preferences; production constraints;
marketing constraints

1. Introduction

Vegetable production is an important component of global agricultural system, as
it contributes to food and nutrition security, income generation, and employment cre-
ation [1,2]. Tomato (Solanum lycopersicum L.) is the second most important economic
vegetable produced in the world in terms of land area under cultivation and consumption.
The world total fresh tomato production was approximately 180 million tonnes in 2019 on
5 million hectares of land. Similarly, Ghana produced 395,755 tonnes on 92,045 ha of land
in 2019 [3]. On the other hand, the annual estimated tomato consumption in Ghana was
approximately 400,900 tonnes [4,5] which was more than the country’s domestic supply. To
meet the demand of tomato and tomato products (peeled tomato, juice, and paste), Ghana
imported 8753 tonnes of fresh tomato at a value of approximately US $1.84 million, and
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57,971 tonnes of tomato product valued at US $47.37 million [3]. Burkina Faso had 89%
market share in Ghana’s tomato imports [6]. The trade values might be higher than official
figures reported due to the poor trade data quality and underreporting as alluded to by
Van Asselt, et al. [4]. Ghana’s high tomato production volumes, coupled with high imports
of tomato and tomato products, underscore the importance of tomato in the country. It is
important to note that despite interventions by successive governments to establish tomato
processing factories in the country, they remain shut down due to the unavailability of the
required quantity and quality of tomato varieties [7]. Sustainable tomato production and
processing in Ghana presents an untapped potential for boosting economic growth and job
creation among the unemployed youth [8].

In the coastal areas of West Africa, tomato production is seasonal, since most of the
production is rainfed, and there is limited availability of heat-tolerant varieties for off-
season production [9,10]. This seasonality leads to a severe shortage of the produce during
the dry season and prices skyrocket, compromising tomato stability and accessibility for
consumers. On the contrary, there is glut during the rainy season, and, in most cases,
farmers abandon their fields when prices are so low. Farmers continue to grow tomato
during the rainy season because it is relatively cheaper to produce during the rainy season
and hope that their harvest will meet higher prices. Considering the edaphic, weather,
and other growth requirements of tomato, many regions in Ghana are suitable for tomato
production [11]. There is a steady decline in yield, although production is increasing due
to increases in areas under cultivation. The average yield of tomato in Ghana is 4.30 t/ha
compared to 10.86 t/ha of the neighboring country, Burkina Faso, and the 35.93 t/ha
produced globally [3]. The poor yields could be attributed to several production constraints
including diseases, pests, abiotic stresses, access to improved seeds and inputs, and other
production factors (e.g., irrigated land). Post-harvest handling of tomato is also a major
challenge to overall tomato productivity. This is because tomato is highly perishable,
and due to a lack of cold storage in Ghana, produce rots in farmers field when there
is glut during the rainy season. Pre- and post-harvest losses of vegetables could be as
much as 50% [8], underscoring the non-sustainable nature of the current production and
post-harvest practices.

Improvement of tomato production and post-harvest management will create addi-
tional opportunities for farmers to increase their income, improve livelihoods, as well as
revamp the processing plants to create job for the youth. To achieve this improvement
in tomato productivity and post-harvest handling, there is the need to comprehensively
evaluate the current tomato production practices, perception of farmers on the prevailing
conditions and constraints of tomato production, the opportunities for tomato production,
yield improvement, storage, and marketing. Moreover, understanding drivers of the use of
improved tomato varieties will guide interventions seeking to promote new varieties. The
information generated in through this study will be critical to the value chain actors such
as farmers, transporters, marketers, seed companies, researchers, private sectors, extension
agents, government sectors, and policymakers to design effective value chain development
strategies to increase domestic production of vegetables in the country. The objectives of
this study were to (a) document the farmers production practices, (b) determine the key
factors influencing the use of improved tomato varieties, and (c) identify tomato production
challenges, opportunities and enabling environment that can sustainably improve tomato
production in Ghana.

2. Materials and Methods
2.1. Study Area

The study was carried out in the major tomato production regions in Ghana. The coun-
try has administrative regions which are subdivided into metropolitan/municipality/districts
and then cities, towns, villages, and communities. The study locations covered seven regions
namely, Ahafo, Ashanti, Bono, Bono East, Eastern, Greater Accra, and Upper East regions,
which are well known for tomato production [7]. The survey was carried out in 12 villages
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in the seven regions, namely, Kofibadukrom in Dormaa Municipal district, Derma in Tano
South district, Tuobodom in Techiman North district, Afrancho and Akumadan in Offinso
North district, Asante Akyem Agogo in Asante Akyem North district, Begoro in Fanteakwa
district, Ada Kasseh in Ada East district and Sege Kuloedor in Ada West district, Vea in
Bolgatanga Municipal, Tono in Kasena Nankana district, and Pwalugu in the Talensi District
(Figure 1, Table S1).
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Figure 1. Map of Ghana showing study regions of high tomato productivity.

2.2. Sampling Methods

The study was conducted in seven regions in Ghana using a multistage sampling
method. Selection of the survey locations comprised of identification of major tomato
growing regions as the first stage based on production statistics. Within these regions, dis-
tricts (second stage) and villages (third stage) were identified based on experts (agriculture
extension agents, as well as tomato breeders and traders) recommendations and produc-
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tion statistics. The fourth stage consisted of the random selection of communities from
each village. The fifth stage entailed randomly selecting specified numbers of households
from the selected communities cultivating tomato in each district. In these communities,
almost every household had a member cultivating vegetables, including tomato. A total
sample size of 180 tomato farmers was interviewed in the seven regions, 12 districts or
municipalities, and 12 villages in Ghana in August 2020 (Table S1). The distribution of
tomato farmers across regions in Ghana varies from one region to the other. Some regions
have more tomato farmers due to the favorable conditions, as well as the availability of
irrigation facilities [12] and access to credit facilities [13]. Based on the density of farmers
per region, we selected more farmers in particular regions than others. The sample size per
region varied between 15-50 farmers per region.

2.3. Data Collection

Primary and secondary data were collected in this study. The primary data was
collection from farmers involving face to face interviews, focus group discussions, and
questionnaires with closed and open-ended questions. The closed and open-ended ques-
tionnaires were designed based on KoBoToolbox [14] and administered with a tablet or
smartphone using the KoboCollect app [15]. The data collected were uploaded and saved
to a central server. This allowed for real-time data monitoring and data quality checks
while data collectors were in the field. In each village, questionnaires were administered
to the head of the household in a face-to-face interview. Respondents were asked their
willingness to participate in the survey, whether they were tomato farmers, their house-
hold’s socio-economic characteristics and demographic profile, access to land, general
farming systems, varieties grown, propagation methods, production system, inputs used,
cost of production, harvesting of tomatoes, extension training and support, marketing,
transportation, and constraints.

2.4. Data Analysis

The quantitative and qualitative data analyses were carried out using Excel 2016 and
Statistical Package for Social Science (SPSS) version 20. Data were presented using statistical
summaries, graphs, and significant tests. Differences in average distance travelled (km) to
purchase seeds, average quantity of seeds purchased (g), amount (GHS, 1 = $5796) spent
on seed purchase, yield across regions, and gender were assessed using Kruskal-Wallis
test, followed by a pairwise Wilcoxon test for mean separation in MVapp [16].

We used logistic regression to assess the factors that could explain the use of improved
tomato variety using the glm.fit function, and set the family argument to binomial in R
4.0.5 [17]. The following variables were used to build the model.

2.4.1. Improved Varieties

Use of improved variety was the response variable, and it was measured as a binary
variable. Farmers who used improved varieties were assigned the code 1, and those who
did not use were assigned 0.

2.4.2. Gender

Women and men do not have equal access to production factors, including seed. The
use of improved seed is expected to be male-biased. Gender was measured as a dummy
variable, where males and females were assigned 1 and 0, respectively.

2.4.3. Education

Education has been reported to influence the adoption of technologies. We expect
that literate farmers are more likely to adopt and use improved varieties compared to
non-literate farmers. Education was coded as a dummy variable, with literate (1) and
non-literate (0).
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2.4.4. Training

In this study, training refers to the participation (1) or not (0) of farmers to capacity
building organized by extension agents. It is expected that farmers who received training
would be more exposed to the benefits of improved varieties, and are more likely to use them.

2.4.5. Irrigation

Irrigation is a key component of tomato production. Farmers who use irrigation (1) are
expected to be more likely to use improved varieties compared their fellow who do not (0).

3. Results and Discussion
3.1. Household Socio-Economic Characteristics and Demographic Profiles

The summary of the descriptive statistics of all farmers sampled (n = 180) is presented
in Table 1. The production of tomato in Ghana was not gender exclusive, but most of the
respondents were males (81%) compared to females (19%). This statistic is similar to the
findings of the Ghana Statistical Service, where 78.1% and 28.9% of males and females,
respectively, were engaged in arable crops production [18]. Most of the farmers (47%) were
between the ages of 34 and 49 years. Agriculture sustainability depends on the youthful
population in the farming communities. It is therefore encouraging to discover that there
was quite significant number of youths in tomato production, and most farmers were in
their most productive years (less than or equal to 60 years).

Most (89%) of the tomato farmers had some level of education or could read and write.
This finding is consistent with that reported by Osei, et al. [19] for tomato farmers in Ghana.
The farmers mainly attended primary (19%), junior secondary (41%), and senior secondary
(17%) schools. The literacy rate of tomato farmers was higher than that of farmers (50.5%)
engaged in arable crops farming [18]. The high literacy among tomato farmers could be an
advantage in terms of utilization of information in sustainable production and marketing
of produce. In fact, education improves the ability to receive, decode, and understand
information [20], which is critical in increasing agricultural productivity [21]. Besides,
evidence from northern Ghana revealed that literacy positively affects farmers” access to
credit [20]. The household type that was predominant in tomato growing communities in
Ghana was male headed with one wife (81%). Households that were headed by female were
either because the female was divorced, single, or widowed (6%), or the husband was absent
(1%). The land for the production of crops in the survey regions were largely owned by
male heads (65%). Higher proportion of male owning land compared to female ownership
was reported in several studies in Ghana [20-23]. Understanding land ownership is critical
to agriculture productivity since primary land ownership is positively associated with
decisions on land allocation to crops and technology adoption [22,24]. Kudadze, et al. [25]
maintained that irrigation farming in Ghana is very limited, which was confirmed in
this study, where 60% of the farmers did not have access to irrigation. Similar results
were reported by van Asselt, et al. [4]. Our study revealed that tomato was partially
produced under irrigation in the Greater Accra Region and the Upper East region. Investing
in small scale irrigation along with the adoption of adapted varieties would promote
sustainable year-round production through greater availability, stability, accessibility, and
use [26]. Increasing investment in tomato would also increase economic returns and
improve nutrition.

Not surprisingly, the main occupation of the respondents (91%) across the seven
regions in Ghana was crop farming. Being mostly crop farmers, the three major crops
grown by the respondents were tomato (29%), pepper (22%), and maize (20%) (Figure 2).
This could be attributed to the fact that maize is a major staple crop, while tomato and
pepper are the most important vegetable crops in Ghana.
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Table 1. Sociodemographic and farm characteristics of tomato farmers in seven regions of Ghana.

Characteristics Category Frequency (N = 180) Percentage
Men farmers = 1 146 81
Gender of farmers Female farmers = 2 34 19
19-34=1 33 18
Age 34-49=2 85 47
49-63=3 49 27
63-78 =4 13 7
None/Illiterate = 1 19 11
None/literate = 2 8 4
Kindergarten/Nursery = 3 1 1
. Primary School = 4 34 19
Education Vocational Training = 5 1 1
Junior Secondary = 6 74 41
Senior Secondary =7 30 17
Tertiary =7 13 7
Male headed, with one wife =1 146 81
Male headed, with more than one
. 11 6
wife =2
Household type Male headed, divorced, single or 8 4
widowed = 3
Female headed, divorced, single or 1 6
widowed =4
Female headed, husband away =5 2 1
Female headed with husband = 6 1 1
Male headed single =7 1 1
Male/Head 134 65
Female/Head 20 10
Joint (Both Partners) 33 16
Land ownership Male/Child 5 2
Female/Child 2 1
Grandparents 10 5
Other 3 1
Crop farming =1 164 91
Trading in agricultural products (excl. 5 1
livestock) = 2
Main Occupation Government employee = 3 4 2
Business—trade/services 1 1
/Self-employed = 4
Handicrafts =5 6 3
Wage labor (e.g., factory work, taxi, 5 1
motorcycle etc.) =6
Student/Pupil =7 1 1
Access to irrigation No=1 108 60
Yes =2 72 40
Ownership of mobile Yes =1 99
phones No=2 1
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Figure 2. Crops grown by tomato farmers in Ghana.

The advancement in communication technology over the past decade has been phe-
nomenal. This was evident in the ownership of mobile phones among almost all respon-
dents (99%), despite the fact that they lived in rural areas. The ownership of mobile phones
is a useful resource for households to have access to information on market and extension
advice. For instance, in Ghana, the ownership and use of mobile phones to access extension
services for the adoption of modern production technology and market participation has
been credited for improved maize productivity [27]. Subsequently, access to information
has been reported to improve smallholder farmers’ price forecasting accuracy and farmers’
welfare [28]. Moreover, the use of mobile phones can potentially enable farmers to have
access to agro-meteorological information [29], thereby allowing them to improve their

adaptive capacity to climatic hazards.

The result from this study revealed no significant difference (p > 0.05) in the size of
land cultivated by male and female tomato farmers (Table 2), even though males had land
sizes of approximately double that of women. Eighty nine percent of the tomato farmers
were cultivating less than or equal to two hectares of land, making them smallholder
farmers. It is interesting to note that the findings affirmed assertions by Gebre, et al. [30]: in

sub-Saharan Africa, agricultural production is mostly on a smallholder basis.

Table 2. Difference between male and female heads ownership of land size and size of land for

tomato production in Ghana.

Gender Land Size (Ac) Owned

Male head
Female head

Land size for tomato production (ac)

Male
Female

Means followed by the same letters are not statistically different (p > 0.05).
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3.2. Tomato Seed Systems

In Ghana, both formal and informal seed production and delivery systems exist.
However, the informal delivery system supplied 80% of major seeds used in the country.
The formal seed system is based on the production and purchase of certified seeds, while
the informal seed system is characterized by seed production and exchange (gift, purchase)
among farmers at the local level [31].

3.2.1. Sources of Tomato Seeds

Depending on the genetic nature of tomato varieties (pure lines), seeds grown in one
season can be extracted and regrown the following season without affecting yield. These
varieties are usually cultivated over the years by farmers, without the need to buy new
seeds, or can be obtained from other farmers or on local markets. On the other hand, there
are some hybrid varieties that are mostly distributed by seed companies. The majority of
tomato farmers (65%) across the regions bought tomato seed, even though some farmers
(32%) relied on saved seeds (Table 3). Tomato seeds were mostly bought from local shops
or agro-dealer shops (73%) in the communities. Most of them have developed the habit
to purchase seeds, and this is in alignment with the previous report on vegetables in
Ghana [4,7]. This finding is very encouraging for investing in improved seeds and seed
distribution. It is worth noting that not all seeds sold at the agro-shops are improved seeds
from seed companies. Some of the seeds sold were retained seeds procured from local
farmers or mishandled because of poor storage conditions. Thus, the high percentage
of farmers using bought seed does not translate into the same high percentage usage
of quality or improved seeds. This trend of selling poor quality seeds by agro-dealers
dilutes the effort of introducing improved seeds to farmers, as it creates distrust between
farmers and seed companies. Some farmers bought seeds from their fellows, while a
limited number of farmers (6%) accessed seeds directly from the seed companies. This is
due to the unavailability of seed companies or their representatives in the communities.
This could require developing and strengthening seed distribution channels in farming
communities [32].

Table 3. Seed sources, distributors, and criteria for varietal selection.

Characteristics Category F;’eillizgiy Percentage

Seed purchasing 117 65
Seed source Seed saving and 4 )

purchasing
Seed saving 58 32
Other 1 1

Local
Shop/Agro-dealer 86 73
Seed supplies Other farmers 23 19
Seed companies 7 6
Supermarket in town 2 2
R Cheaper seed 13 7
easons farmers .

urchase seeds from Assured of quality 112 62
P . Proximity/Nearness 43 24
suppliers Others 12 7
High yield 56 29
Fruit size 48 25
Criteria for choosing Color 34 18
a variety Time to maturity 24 12
Resistance to diseases 19 10

Others 13 7
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Understanding reasons underlying farmers’ seed purchase behavior is important for
the promotion of improved and good quality seeds. Farmers bought tomato seeds from
suppliers because of assured quality (62%), proximity to the seed supplier (24%), and
the relative cost of the seeds (7%). Other reasons why farmers bought seeds from some
suppliers included varietal attributes such as long shelf life, market preference, high yields,
and adaptability to growing conditions. Similar findings were also reported by Osei et al.
(2018) that tomato farmers adopted varieties based on the mentioned attributes. The most
important factors farmers considered in choosing a variety was high yield (29%) or the
ability of a plant to produce many fruits, followed by fruit size (25%), red fruit color (18%),
time to maturity (12%), and resistance to diseases (10%). Other factors farmers considered
included adaptability to growing conditions, longer fruit shelf life, and high market demand.
The identification of farmers’ varietal preference is important to successfully introduce new
varieties, and guide the breeding of adapted and varieties.

There were, however, varied dynamics in seed sourcing among the regions. Farmers
in Bono (100%), Eastern (90%), Greater Accra (90%), and Upper East (86%) regions bought
seeds for tomato cultivation whereas, farmers in the Ahafo (64%), Ashanti (60%) and
Bono East (73%) largely depended on retained seeds (Table 4). A multiplicity of factors
accounted for the mixed trend. The variety planted by farmers in these regions coupled
with the ability of fruits to produce viable seeds that could also yield highly, as the bought
seeds determined whether farmers used retained or bought seeds. The farmers” decision
as to which seeds to plant was economically tainted with insurance. They bought seeds
that could be saved, thus enabling them not to buy new seeds in subsequent seasons. In
addition, if the farmer could not afford improved seed during the next planting season,
the saved seeds could be planted. The regions with higher percentages of farmers buying
seeds mostly cultivated improved varieties. The regions with higher percentages of farmers
saving seeds mostly cultivated unimproved varieties that renewed their seeds, such as the
Petofake, Power, and other local varieties.

Table 4. Sources of seeds for tomato production in seven regions in Ghana.

Sources of Ahafo Ashanti Bono Bono East CXS:::r Eastern Upper East

Seeds (%) N=15 N =45 N=15 N=15 N =20 N=20 N =50
Purchase seed 29 36 100 20 90 90 86

Saved and 7 4 0 7 10 14
purchase seed

Saved seed 64 60 0 73 10 0 0

3.2.2. Seed Purchase Habits of Tomato Farmers

Generally, some farmers in the Ashanti, Eastern, and Greater Accra regions had to
travel long distances to purchase seeds (Table 5). The quantity of seeds bought in the
Ahafo and Greater Accra region was considerably high. This could be directly related to
the land size that farmers cultivate. However, the amounts of seeds bought by farmers in
the Greater Accra region was significantly higher than all regions including Ahafo, since
most farmers in the Greater Accra region, cultivated improved varieties whose prices are
undoubtedly higher than unimproved varieties. The fact that farmers had to travel long
distances to purchase seeds revealed that farmers were still constrained by seed availability
and accessibility issues [33].
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Table 5. Quantities of seed purchased by tomato farmers in Ghana.

. Average Distance Average Quantity of
Regions Travflled (km) SeedsgPurchasedy(g) Amount (GHS)
Ashanti 55.96 215.00 b 192.08 b
Greater Accra 28.00 793.33 a 811.00 a
Eastern Region 12.38 280.00 b 235.62 b
Upper East 5.62 222.73 b 134.16 b
Ahafo 2.38 720.00 ab 263.75b
Bono 1.48 153.33 b 186.33 b
Bono East 0.40 102.50 b 90.00 b

For the same variable, means followed by the same letters are not significantly different (p > 0.05).

3.3. Varietal Diversity and Preferred Tomato Attributes

The tomato varieties grown in Ghana varies from one region to the other, although
some varieties are common across regions (Figure 3). In the Ahafo region, farmers cultivated
unimproved varieties called local and petofake. In the Ashanti region, the varieties grown
were generally unimproved varieties such as Konkon (78%), Petofake (11%), Power Rano
(2%), and Power (1%), in addition to an improved variety Petomech (6%). The varieties
grown in Bono East were two local varieties: Power Rano (73%) and Power (27%). Farmers
in the Bono region cultivated improved varieties such as BS (47), France seed (13%),
Petomech (13%), Cobra (7%), Italian seed (7%), Petomech GSN (7), and Petomech France
(7%). Farmers in the Eastern region cultivated local varieties such as Cocoa (60%), Konkon
(30%), Power ntiawa (5%), and an improved hybrid variety, Jaguar (5%). In the Greater
Accra region, the farmers cultivated improved varieties such as Cobra (65%), M1 & M2 (5%),
Roma (5%), Padma (5%), Petomech (15%), and a Local variety (5%). The main varieties
grown in the Upper East region were improved varieties, which included Petomech (22%),
Roma (12%), Tropimech (2%), and a local variety, Akumadan (4%). A variety known as
‘No name” was also grown. The varieties referred to as “Akumadan” grown in Upper
East might have been introduced from Akumadan (Ashanti region). There was observed
dependency between regions and varieties, with similar findings highlighted by van Asselt,
et al., (2018). This could further be explained by the fact that farmers grew varieties for
which seeds are available in their communities. As such, farmers may have limited decision
power on the choice of variety, but they would rather depend on available varieties at
agro-dealers’ shops. Introduction and dissemination of climate-smart varieties would be
necessary, as data highlighted that the unimproved varieties such “Power” were grown
due to the ability to thrive in the face of rainfall variability. It is important to state that
farmers chose varieties based on their adaptability rather than market preference. It is thus
not surprising that most farmers indicated low demand for their tomatoes by fresh market
buyers. The farmers perceived most of the varieties grown as having either medium or
large fruit size (Figure 4).
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Figure 3. Tomato varieties grown in the different regions in Ghana.
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Figure 4. Farmers’ perception of fruit size of tomato varieties in Ghana.
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The shape of tomato fruits plays a significant role in market preference. Farmers
perceived the fruit shapes of Tropimech, Roma, Power, and Cobra as rounded (Figure 5).
The following varieties were generally perceived as high rounded: Petomech, Petofake,
Jaguar, Italian seed, France seed, Cocoa, and BS. Power Rano, Local and Akumadan were
generally flattened, while Konkon was perceived as a mixture of different shapes. There
were varieties (e.g., Roma, Akumadan) that were perceived as having both large, medium,
or large fruit size, or having different fruit shape (e.g., konkon). This could be due to
differences in growing and environmental conditions, or a different perception of the fruit
size. The naming of the varieties was based on folk taxonomy. As a result, different varieties
especially the local ones could be named differently, or the same name could be given to
different varieties across regions [34].

Tropimech
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Power
Petomech I
Petofake
Padma

No name
M1 & M2
Local
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Jaguar
Italian seed
France Seed
Cocoa
Cobra
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Akumadan

o
N
o

40 60 80 1

Percentage of farmers

o

0

M Flattened (oblate) m Slightly flattened Rounded
High rounded W Heart-shaped M Cylindrical (long oblong)

M Pyriform M Ellipsoid (plum-shaped)
Figure 5. Variation of tomato fruit shapes.

3.4. Tomato Production Season and Practices

Tomato is mostly produced in the open field and supplied to the fresh market. There
was an emerging trend in greenhouse tomato production in the country.

3.4.1. Tomato Planting Season

Tomato could be produced throughout the year in Ghana. However, the major planting
seasons were March-July and August-December (Figure 6). Nurseries for both seasons
can begin late February—mid march and mid-July-late July, respectively. This corroborated
the findings of Robinson and Kolavalli [7], who reported that, within the year, different
regions in Ghana produce tomato at different times of the year, with the Upper East region
supplying tomato to the market from December /January to March, Brong Ahafo region
(which has now been divided into the Ahafo, Bono, and Bono East) and Ashanti region
supplying tomato to the market from June until November, and the irrigated tomato from
the Greater Accra region dominating the market from November to December. Due to the
low production from the Upper East and Greater Accra regions from December to May,
Ghana imports fresh tomato from Burkina Faso during this period.
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Figure 6. Tomato planting seasons in Ghana.

Farmers gave different reasons for planting at a specific period (Figure 7). These
mainly included synchronization of production seasons with the rainy season to lower
production cost to reduce the need for irrigation and its associated cost, and the desire
to continuously supply the tomato market throughout the year. Although tomato can
be produced year-round, there is generally a tomato supply gap from February till late
May or early June, when the tomato is harvested in the middle and southern part of
the country [7]. This shortfall period presents a business opportunity for greenhouses in
the country to produce tomato for the domestic market. Moreover, the shortfall can be
addressed if irrigation systems across regions are improved, and climate-resilient varieties
(heat tolerant) and disease resistant are identified, introduced, or bred and disseminated.

Others, specify

Continuous supply to the market

Low production costs — use of rainfall
Avoid periods of high disease incidences

Target lean periods hence high prices

Avoid heavy rains

o
(2]

10 15 20 25 30 35 40
Percentage of farmers

Figure 7. Farmers reasons for growing tomato at a particular planting season in Ghana.

Many tomato farmers in Ghana were smallholders with land sizes between one-two
acres or less (Figure 8). Most of these farmers were predominant in the Ahafo and Greater
Accra Regions. All of the respondents grew tomato in the open fields, which was the main
tomato cropping system not only in Ghana, but also throughout Sub-Saharan Africa.
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Figure 8. Tomato planted area per region.

3.4.2. Tomato Seedling Handling

Tomato was propagated with seeds, and farmers could either raise their nursery or buy
seedlings that were ready for transplanting. It was realized that almost all of the farmers
in our study areas established their nurseries on seedbeds (98%) or with a few using seed
trays (Table 6). Farmers preferred nursery beds since their construction could be performed
near the farm (57%), the bed was a relatively cheaper option (25%), and it was established
close to water source. Some farmers nursed in seed trays because it was easier to transplant
(43%), easier to transport (29%), had high seedling establishment (14%), and less disease
incidence (14%). Many farmers (57%) transplant four to six weeks after nursing.

Table 6. Nursery practices among tomato farmers in Ghana.

Characteristics Category F?S‘Lulegg y Percentage
Sources of seedlings Own nursery 180 100
Commercial nursery 0 0
Nursery methods Seedbed 176 98
Seed trays 4 2
Reasons for using seedbeds Cheaper 65 25
Established near field 149 57
Established near 46 18
water source
N/A 2
Reasons for using seedbeds Easier to transplant 3 43
Less disease
L 1 14
incidences
Easier to transport 2 29
High seedling 1 14
establishment
N/A 176
Duration of nursery Less than 4 weeks 28 16
More than 4 weeks 37 21

N/A 63
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3.4.3. Inputs for Tomato Production in Ghana

Farmers who had access to irrigation used various types of irrigation to cultivate
tomato across the regions in Ghana (Figure 9). In the Upper East region, flood or surface
system or furrow irrigation (28%) was widely used. Farmers in the Ashanti region and
other regions fetched water in buckets to irrigate (19%).

Watering can
Tomato cup

Sprinkler irrigation 1l I

Pumping machine
Flood/Surface system I
Drip Irrigation 1 |
Bucket [N [ |

Types of irrigation

0 5 10 15 20 25 30 35 40 45
Number of farmers

B Ahafo ® Ashanti ®mBono ® Bono East M Eastern M Greater Accra M Upper East

Figure 9. Types of irrigation methods used by tomato farmers in Ghana.

3.5. Determinants of the Use of Improved Varieties

The results revealed that gender and access to irrigation had positive and significant
(p-values < 0.05) influence on the use of improved varieties (Table 7). As expected, being a
male and having access to irrigation facilities increased the probability of using improved
varieties by 19% and 51%, respectively. This agrees with the IFPRI’s report on considering
gender in irrigation, whereby men have access to irrigation, but women lack access to
irrigation facilities, even if both sexes are from the same household [35]. Farmers who had
access to irrigation cultivated improved varieties, while farmers who did not have access
to irrigation produced local cultivars [7]. Increased probability of using improved varieties
for farmers who have access to irrigation was also reported for maize farmers in South
Africa [36]. Males were found to be more likely to use improved varieties compared to
females. This could be explained by the fact that tomato was primarily produced for the
market, and males were more willing to invest in acquiring seeds of improved varieties.
However, conversely to our findings, female farmers were found to be more likely to use
improved maize varieties [36]. Access to training from extension agents and literacy had
positive influence on the use of improved varieties, but that influence was not significant.

Table 7. Results of the logistic regression analysis.

Variables Average Marginal Effect Std. Error Pr(>1tl)
Intercept 0.03 0.13 0.84
Gender 0.19 0.09 0.03
Irrigation 0.51 0.07 0.00
Training 0.09 0.09 0.31
Education 0.03 0.12 0.83

Farmers used fertilizers, weed/pest/disease control products, and manure to cultivate
tomato in Ghana (Table S2). The types of fertilizers used were either compound (vegetable
mix, NPK) or Ammonium-N based Fertilizers (Top dressing). Farmers frequently used
compound fertilizers (100%) than ammonium-N fertilizers. Farmers apply fertilizers
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throughout the growing season; however, most of the fertilizer application is performed
at planting and flowering stages. The use of organic manure is still marginal. Adoption
of sustainable soil management practices by combining the use of inorganic and organic
fertilizers should contribute to improving tomato production.

3.6. Challenges of Tomato Production in Ghana

Generally, the constraints of tomato production in sub-Saharan Africa include dis-
eases, pests, low moisture stress, heat, and low soil fertility [1]. This study identified the
following tomato production constraints in Ghana: diseases, pests, market, water, and
weeds (Table S3). Other tomato production challenges included erratic rainfall pattern, low
yield, unstable market prices, lack of machinery, and lack of fertilizers at the time of need.

3.6.1. Tomato Diseases and Pests’ Management Strategies

The three most common tomato diseases identified by tomato farmers in Ghana
were bacteria spot (23%), target spot (14%), and leaf curl (12%), as indicated in (Table S3).
Farmers identified the most common tomato pests as fruit worms, thrips, beet armywormes,
whiteflies, aphids, grasshoppers, and spider mites.

3.6.2. Tomato Diseases and Pests Control

Farmers commonly used pesticides to control tomato diseases (81%) and tomato
insects (93%) in Ghana (Table 8). Some farmers combine application of pesticides and
rotation (4%) to manage diseases (17%) and insects (4%), while others used biological
methods to manage both stresses. The most common weed management method used by
farmers in Ghana is mechanical control (66%), which involves the use of hoes. Some farmers
use the combination of herbicides and mechanical control (15%) or herbicide alone (11%).
Current pest management practices in tomato production in Ghana are non-sustainable.

Table 8. Management of tomato diseases and pests in Ghana.

Methods of Disease Disease Insects’ Weed Management
and Pest Control Management (%) Management (%) 8
Use of pesticides 81 93 -

Rotation 0 1 -
Pesticides + rotation 17 4 -
Biological 2 2 -
Mechanical control - - 66
Herbicides + ) 15

mechanical control
Herbicide - - 11
None - - 8

The over-reliance on the use of pesticides is a serious concern for the safety of marketed
tomatoes and the environment. For instance, farmers broadly classified many insecticides
as DDT (Figure 10), an organochlorine which is banned in many countries [37]. Quantifying
pesticides residues along tomato value chains will shed light on the extent of the problem
and pave the way for the production of safe tomatoes. Alternative approach to overcome the
overreliance on pesticides is the adoption of integrated pest management (IPM) approach.
IPM involves the use of different methods of pest control in a manner that reduces the
insect population to economic threshold or avoid damage levels that can cause severe loss.
IPM systems involve monitoring pests, natural enemies, pesticide product substitution to
improve yield, and sustainable crop production [38].
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Figure 10. Common chemicals tomato growers use in controlling diseases, pests, and weeds Ghana.

The most common fungicide used included Mancozeb (fungicide), and the insecticides
Topsin (Thiophanate-methyl) and Attack (Emamectin Benzoate). The high frequency of
the use of Mancozeb, a broad-spectrum fungicide, could be an indicator of either limited
availability of the fungicides or affordability or effectiveness.

3.7. Tomato Yield Obtained by Farmers Based on Region and Gender

There was a large variation in the tomato yields across and within regions (Figure 11).
Average tomato yield varied from 6902.26 kg/ha in the Bono region to 16,213.98 kg/ha
in the Bono East region. Across the seven regions, the average yield was 10,639.52 kg/ha.
These values were consistent with the report of Robison and Kollavalli [7], who found
that an average tomato yield of 10,600 kg/ha across three regions, namely the Greater
Accra, Brong Ahafo, and Upper East regions. The average yields in our study and that of
Robinson and Kolovalli [7] were higher than the estimate from FAO (4299.6 kg/ha in 2019),
which could be explained either by the fact that these studies cover the major growing areas
where yields could be higher than the other regions, or the lack of systematic nationwide
data collection on tomato sector since the 1980s [4].
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Figure 11. Box plot of average yield recorded by tomato farmers by region.
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We found no significant difference in yield between male and female tomato growers,
based on Tukey’s pairwise comparison (Figure 12).
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Figure 12. Box plot of average yield of tomato based on gender across regions.

3.8. Harvest and Post-Harvest Handling

Most of the tomato farmers in Ghana harvest tomato fruits when fully ripe (59%) or
red ripe (40%), (Table S4). The stage of harvest of tomato could account for post-harvest
loss of tomato, since there are no cold transportation or storage systems in most African
countries. The number of weeks to maturity varies from eight weeks (25%) to more than
12 weeks (2%) after transplanting. Most tomato varieties were harvested at 12 (59%) weeks
after transplanting. Harvesting of fruits could last for one month (58%) or three—four
months (13%). Tomato fruits were harvested twice a week (53%) or once a week (45%).
Almost all of the tomato farmers (99%) in the studied communities did not store the fruits
after harvest. The produces were sold right after harvest to avoid or limit post-harvest loss,
since they had no appropriate storage facility.

3.9. Marketing and Transportation

The main tomato market segments are fresh market and processing. The current
demand for fresh tomato in Ghana is for the fresh market, since the processing factories
are not active. The processing factories are inactive because of the lack of the right quality
and quantity of fresh tomato [7]. The active processing plants import concentrates and
repackage them for sale. It is important to note that the price of tomato per kilo of fresh
tomato is higher than for processing. This makes fresh tomato production more profitable.
Farmers who will supply to processing plants will not benefit from the price per kilo,
but will benefit from the large quantity of tomato demand for processing. The tomatoes
produced in our study locations were predominantly supplied to the local market (Table
S5). The fruits were transported by road to the market or sold directly at the farm gate
(36%). The produce was mainly transported to the market by tricycle (88%), vehicle (8%),
motorcycle (3%), and bicycle (1%). Coordinated marketing could increase the bargaining
power of farmers. However, tomato marketing in Ghana was mostly done by farmers
individually (81%), while market co-coordination or group marketing (19%) where the sale
of the produce was conducted by Farmer Based Organization (FBO) was limited. Tomato
farmers got marketing information from different sources. Market information was usually
shared among farmers (55%) or sourced from the Ministry of Food and Agriculture (32%),
buyers (9%), and NGOs (4%).
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3.9.1. Challenges and Proposed Solutions to Tomato Marketing

It is not surprising that the major tomato marketing challenges in Ghana were low
farm-gate prices (35%), which arose since almost all of the farmers harvested at the same
period, causing oversupply and low demand for produce (19%). Competition from other
farmers (14%) in the locality and other producing regions, as well as short shelf life of the
produce (Table S5), were also challenges facing tomato marketing in Ghana. Other tomato
marketing challenges included unstable prices and an unfair weighing scale from buyers,
primarily because farmers do not have collective bargaining power. The farmers proposed
solutions to the challenges of tomato marketing in Ghana, which included identifying other
markets (33%) such as processors and exporters, producing when demand is high (30%)
(that is, when there is less supply), group marketing to reduce costs of transport (11%),
and others (including standard price-setting per kg, the establishment or revamping of
processing factories, provision of cold storage facilities to temporarily store produce and
reduce over-supply, and improvement of access roads to these communities to encourage
buyers to visit the communities to buy their produce). Inferences can also be drawn from
the marketing of crops such as cocoa, whereby an established organization buys and sells
the produce on behalf of farmers

3.9.2. Tomato Market Preference

The farmers in the study area indicated that the fresh market prefers to buy medium
(49%) to large fruits (51%) (Table 9). Tomato variety with high rounded and rounded fruit
shapes were preferred by the market. The market preferred red fruits (98%). It is important
to note that the constitution of the buyers was 99% fresh fruit buyers. Industrial buyers
were nonexistent, according to the responses from the study sample.

Table 9. Market preference of tomato fruits.

Variable N =180 Percentage
Fruit Size
Medium (60-80 g) 89 49
Large (above 80 g) 91 51
Fruit shape
Flattened (oblate) 12 7
Slightly flattened 12 7
Rounded 47 26
High rounded 60 33
Heart-shaped 27 15
Cylindrical (long oblong) 3 2
Pyriform 15 8
Ellipsoid (plum-shaped) 4 2
Fruit colour
Yellow 4 2
Red 176 98
Grand Total 180 100

3.10. Profitability Analysis
3.10.1. Production Cost and Revenue

The production cost varied widely among farmers in the seven regions studied
(Table 10). The ratio between average total cost and variable cost was 0.87. This ratio
indicates that the average variable cost is 87% of the average total cost for tomato cultiva-
tion across the regions.
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Table 10. Cost components of tomato production in Ghana.
Cost Average Star}d;frd Minimum Maximum
Deviation
Total production cost (GHS) 5715 7285 340 55,570
Variable cost (GHS) 4995 6644 340 54,170

Cost item
II|‘|||‘||

Labour cost
Compound fert cost
Chemical cost

Output transport cost
Irrigation cost
Pesticides cost

Input transport cost
NH4NO3 cost

Cost other fert

Ratio variable cost to total cost 0.87

The average total production cost was computed, as well as the average of each item
cost used to calculate the percentage. The four most contributive variable cost to tomato
production were labor (31%), followed by compound fertilizers (16%), chemicals (13%),
and seeds (8%), Figure 13. The highest proportion of labor cost confirmed that tomato
production in Ghana, similar to in other parts of the world, is labor intensive [33,34].
According to information gathered from a focus group discussion (FGD), the current
production practices required a lot of labor input for activities such as transplanting,
watering, multiple spraying of chemicals, multiple fertilizer application, multiple weeding,
and mound construction around the plants or earthing up and harvesting. It was also noted
that without the application of fertilizers, the yield would be extremely low, hence farmers
invest significantly into purchasing liquid and dry compound fertilizers. Chemicals such as
fungicide and pesticides were necessary to ensure optimum plant performance. However,
these pesticides and mineral fertilizers can be partially substituted with locally available
organic manure and biopesticides for sustainable tomato production.

Seed

Line cost

o

5 10 15 20 25 30 35

Percentage of each item cost in relation to the total production cost

Figure 13. Relative importance of each variable cost in tomato production.

3.10.2. Income and Profitability of Tomato Production

Across the regions surveyed, farmers used land sizes ranging from under an acre to
42 acres for tomato farming (Table S6). However, it is important to note that a vast majority
of the farmers interviewed (89%) farmed five acres (2 hectares) and below of tomato. The
cumulative percentage of the sample that cultivated up to three acres was 79.4%. Thus, it is
instructive to point out that most of the tomato farmers across the regions were smallholder
farmers. The cost of tomato production across the regions surveyed ranged from GHS
340.00 (USD 59) to GHS 55,570.00 (USD 9588) (Table S7). It is essential to note that 88% of
the farmers interviewed indicated that their total production cost ranged from GHS 340.00
to GHS 9500.00, and most of these farmers had tomato farm sizes of five acres and smaller.
A cumulative 50% of respondents spent amounts ranging from GHS 340.00 to 3500.00 on
the production of tomato for the whole season. The mode for the total cost of production
was GHS 5000.00, bringing the cumulative percentage for farmers who spent from GHS
340.00 to 5000.00 to 69%. Only 12% of the sample interviewed had the total production cost
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hovering between GHS 10,000.00 and GHS 55,570.00. Almost all of these high input cost
farmers were those with acreage of tomato cultivation of 7 to 42 acres (Table S8).

The income from tomato production for the respondents interviewed ranged from
less than GHS 1000.00 (USD 173) to over GHS 30,000.00 (USD 5176) (Table 11). The income
range that most farmers indicated receiving was GHS 5000.00-GHS 10,000.00. Clearly, if a
cumulative 88% of smallholder farmers (less than 2 hectares) interviewed invested between
GHS 340.00-9500.00 and a cumulative 55% received between GHS 1000-10,000.00, then
some of these smallholder farmers were barely making a profit. However, it is important
to note that farmers whose total cost of production fell below the GHS 5001.00 (69% of
farmers) would have likely made some considerable profits if they earned between GHS
5000.00-10,000.00. It is worth noting that 33% of respondents received incomes between
GHS 10,001.00 to 30,000.00, amounts exceeding the upper limit (GHS 9500.00) of the total
cost of production for the approximately 88% of the farmers. If it is assumed that 88% of
farmers invested between GHS 340.00-95,00.00, and yet the same 88% of farmers received
income ranging from less than GHS 1000.00 to GHS 30,000.00, then the tomato cultivation
as a business indicates profitability across the regions surveyed.

Table 11. Income earned by farmers from tomato production from 2019 season in GHS.

Income Ranges in

GHS Frequency Valid Percent Cumulative Percent
<1000 9 51 5.1
2001-3000 19 10.7 15.7
3001-5000 27 15.2 30.9
5001-10,000 43 24.2 55.1
10,001-20,000 37 20.8 75.8
20,001-30,000 22 12.4 88.2
>30,000 21 11.8 100.0
Total 178 100.0
System 2
Total 180

The average selling price per kg (Table 12) was among the main reasons accounting
for some farmers’ low income from tomato cultivation. A glut during the harvesting period
drives the price downward.

Table 12. Average selling price of a kilo of tomato and total income earned based on gender from
2019 season.

Average Selling Price Male Female Grand Total Fisher Exact Test
Less than GHS 4/kg 47 12 59
GHS 4.1-5/kg 18 2 20
GHS 5.1-10/kg 15 3 18 0.53
GHS 15.1-20/kg 1 1 1 ’
More than GHS 20/kg 2 0 2
Grand Total 81 19 100
Income
Less than GHS 1000 2 3 5
GHS 2001-3000 8 3 11
GHS 3001-5000 12 3 15
GHS 5001-10,000 20 4 24
GHS 10,001-20,000 19 2 21 0.026
GHS 20,001-30,000 10 2 12
More than 30,000 11 1 12
Grand Total 81 19 100
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4. Conclusions and Recommendations

Tomato farming is an important source of income for farmers. Tomato production is
dominated by smallholder farmers, and it is mostly rainfed. Key varietal preferences for
tomato were identified. This is critical to guide a successful introduction or development of
varieties. Access to production factors is still a challenge but there is a discrepancy among
regions. Ahafo, Ashanti, Bono, Bono East, and Eastern regions critically lack necessary
irrigation facilities to boost vegetable production. Across regions, farmers have more or less
fair access to fertilizers, especially compound fertilizers. Access to a diversity of improved
varieties and high-quality seeds was incredibly low. Farmers have cultivated the habit
of purchasing seeds. This presents a business opportunity for growing the seed business
in Ghana and sustainable tomato production. Poor management of pests and diseases is
constraining vegetable production. Almost all of the harvested produce is sold on local
markets. Farmers have low control over the prices of their produce, as this is often set by
middlemen who control the prices. Farmers’ inability to access storage facilities forces them
to sell produce right after harvest leading to low returns on investments. Despite these
marketing challenges, tomato production is profitable, since some farmers made as much
as 100% or double profit on their investments. Our study shed light on tomato production
practices along with constraints faced by value chain actors. Knowledge gained on these
practices could guide tailored interventions to improve tomato production and marketing
in Ghana.

Based on the production and marketing challenges, the following recommendations
were formulated:

e  Exploit the ownership of mobiles phones by vegetable growers to improve access to
good agronomic practices and market information;

e Increase farmers’ awareness of improved varieties by facilitating access to irrigation;
Interventions to promote the use of improved varieties should be inclusive and ensure
they are not gender-biased;

e Increase investment into introducing or breeding adapted vegetable varieties to meet
the challenges of growing conditions. For instance, breeding for insect resistant
varieties will decrease the use of pesticides, and hence promote a more sustainable
tomato production;

e  Seed distributors should move closer to farmers for increased availability of high-
quality seeds. Besides seeds sale, seed dealers should offer critical information on
good agronomic practices that will enable farmers to optimize their production;

e Improvement in irrigation to enable farmers to grow vegetables year-round or in
off-season especially in Ahafo, Ashanti, Bono, Bono East, and Eastern regions;

e  Strengthen the capacity of farmers on integrated diseases and pests’ management for
sustainable tomato production;

e Improve storage facility for vegetables to enable farmers to sell them produces at the
desired period and increase their profit margins.
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/ /www.mdpi.com/article/10.3390/su14031436/s1, Table S1. List of tomato production regions,
districts and villages studied in Ghana. Table S2. Types of farm inputs and time of fertilizer application
in Ghana. Table S3. Tomato production constraints, common diseases, and pests. Table S4. Harvest
and post-harvest handling of tomato in Ghana. Table S5. Tomato marketing, constraints, and
proposed solutions. Table S6. Land size for tomato. Table S7. Total cost of Tomato Production. Table
S8. Large scale and high input farmers.
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