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Abstract

Horticultural farming significantly contributes to Ghana’s economy by producing horticultural
products that provide a source of income for low-income farmers and contribute to the
country’s foreign exchange earnings through exports. With the implementation of appropriate
policies and technologies, including biotechnology, horticulture has the potential to elevate
the incomes of smallholder farmers, thus promoting rural development. Although traditional
plant breeding methods have advanced the development of improved varieties of horticultural
products, there remains considerable room for further improvement, which can be achieved
through biotechnology. The integration of biotechnology is essential for accelerating crop
improvement programs. Biotechnological advancements have revolutionized the crop
improvement process by introducing new plant strains, more reliable planting materials,
efficient and selective pesticides, and enhanced fertilizers. This study explores the relationship
between horticultural farming, biotechnology, and food security, while also assessing the
impact of biotechnology on the livelihoods of smallholder farmers. The paper concludes that
while biotechnology plays an undeniable role in enhancing food security in Ghana, much
work still lies ahead. The challenges in agricultural production and productivity in developing
countries like Ghana extend beyond technological advancements; addressing the existing
problems faced by smallholder farmers is a critical step. However, biotechnology can still
contribute to sustainable agricultural development by improving productivity through
innovative breeding techniques and increasing agricultural revenues.
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INTRODUCTION
Food insecurity is a global issue, and Africa faces this challenge just as much as the rest of the
world. In the African region, chronic food insecurity is largely due to the fact that
approximately 85% of agricultural production relies on rainfall. Additionally, domestic food
production meets nearly 80% of the total food demand. This problem is compounded by high
unemployment and widespread poverty across the region. Despite the introduction of
economic reforms, many African countries continue to experience slow economic
development, which adversely affects the welfare of rural populations. Natural disasters
further exacerbate the issue.
In Ghana, food production remains the primary occupation for many smallholder farmers,
with approximately 70% of farmers classified as smallholders (Afari-Sefa, 2008). The
outdated farming methods employed by these farmers present significant challenges in
increasing agricultural and horticultural productivity. Some common issues include limited
access to new technologies, labor inefficiencies, land-related challenges, a lack of high-
yielding seed varieties, limited access to credit, and inadequate market access. These
challenges have severely impacted the efficiency, productivity, and yields of smallholder
farmers, hindering their ability to meet both local and national food needs.
In light of these challenges, both government and donor agencies have increasingly directed
their attention to research and development efforts related to agriculture and farming.
Biotechnology has emerged as a key player in this regard, offering the potential to increase
production and improve the well-being of individuals, families, and entire regions.
Biotechnology is now viewed as a viable solution to the issue of food insecurity. It can
accelerate traditional plant breeding methods, for example, leading to more efficient and
effective crop improvement. Additionally, biotechnology can serve as a powerful tool to
enhance crop yields and reduce production costs for smallholder farmers, thereby improving
their productivity and financial stability.
Objectives of the Study
(i) To assess the state of horticultural farming in Ghana.
(if) To explore the perceived risks and benefits associated with the adoption of biotechnology.
(iii) To evaluate the potential of biotechnology in enhancing the productivity of horticultural
farming in Ghana.
Horticultural Farming in Ghana
Agriculture remains the primary source of export revenue for many African countries and
serves as the largest income generator for their populations. In the African region, the
production and marketing of agricultural products continue to be a major income source.
Approximately 70% of the population in Sub-Saharan Africa relies on the production and
export of agricultural commaodities, including horticultural products (Gioe, 2006). Horticulture
involves the production and marketing of crops, such as fruits and vegetables, that have high
value per unit or are highly perishable. These crops are produced with intensive use of labor,
land, and other inputs (Afari-Sefa, 2008). In many cases, horticultural products are primarily
grown for export purposes. With the right policies and technologies in place, horticultural
production can significantly increase farmers' incomes, especially for smallholder farmers,
create more job opportunities, enhance rural development, and contribute to foreign exchange
earnings (USAID, 2005). Ghana, due to its strategic location, is in an advantageous position
compared to its neighbors when it comes to exporting products to Europe. Additionally, the
business environment and travel costs are more favorable than those of neighboring countries.
However, low-productivity supply chains are a challenge, largely due to the small scale of
agricultural production in Sub-Saharan Africa. A significant proportion of agricultural
producers in Africa are smallholders. Maertens & Swinnen (2006) note that in Africa, small-
scale farms dominate the cultivation of fruits and vegetables for both domestic consumption
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and export. In Ghana, smallholder farmers represent about 70% of horticultural producers
(GEPA, 2010). Although many African exporters have succeeded in accessing new markets,
the absence of advancements in their business operations on the export market may result in
the continued production of low-skill, low-value products. This situation can make it difficult
to gain a substantial share in the global market. Efficient agricultural supply chains are critical
for improving the incomes of the rural poor in Sub-Saharan Africa. In Ghana, around 15% of
the population depends on horticultural export-related production and marketing for their
livelihoods (GEPA, 2010). To support the growth of horticulture, the Ministry of Food and
Agriculture has implemented the Horticulture Export Industry Initiative (HEII). Additionally,
the Ministry of Trade and Industry has developed a national export strategy aimed at
increasing revenue from nontraditional exports. As part of this strategy, the Ministry has also
launched the Private Sector Development Strategy (PSDS I1) to foster a thriving sector that
improves the well-being of Ghanaians. Despite these government efforts, the market position
and customer perception of Ghanaian products remain less favorable. Although some
improvements have been made, there is still significant room for further progress.

Welfare Implications of Horticultural Farming in Ghana

For developing countries, it is recommended to improve farming methods, adopt modern
technologies, and enhance the quality of products. Horticulture plays a crucial role in the
welfare of rural households, with its impacts felt in multiple ways, such as through product
and labor markets, as well as direct and indirect mechanisms. The continued growth of
horticulture has sparked debates among academics, policymakers, and development partners
regarding its overall welfare effects. Some argue that enhancing horticulture can be a solution
to poverty, while others believe it may exacerbate income inequality. To fully understand the
welfare implications of the growth of modern food supply chains for rural households, it is
important to consider and differentiate between the various effects. The expansion of
horticulture in developing countries can yield significant positive welfare outcomes for rural
development and poverty reduction. These benefits can manifest through increased income
from horticultural products, which contribute substantially to overall welfare and
development. This highlights the need for supporting the growth of horticulture, particularly
for smallholder farmers in poorer nations.

Biotechnology and Horticultural Farming in Ghana

Agriculture, particularly horticultural crop farming, has long been the cornerstone of the rural
economy in Ghana. However, the agricultural sector in the country faces numerous
challenges, including limited access to credit, pests and diseases, weed infestations, low
irrigation levels, limited access to labor and capital, as well as natural disasters like floods and
droughts. These challenges hinder farmers' ability to generate adequate income and improve
their quality of life, thereby impeding efforts to address poverty. Since farmlands are a key
natural resource in rural Ghana, households continue to farm despite these persistent and
damaging conditions, often remaining trapped in deep poverty. The application of
biotechnology, particularly in the form of genetically modified organisms (GMOs), has shown
promise in addressing many of the production bottlenecks faced by horticultural farmers in
Ghana. Research has demonstrated that the use of biotechnologies, including GMOs, has been
beneficial to farmers in various developing countries. The first commercially available GMOs
appeared in the mid-1990s, and since then, their importance to the agricultural production
sector has remained strong, offering potential solutions to the challenges facing farmers in
Ghana and other regions.

As a result, the number of genetically modified (GM) crop varieties has significantly
increased, along with a noticeable rise in the area sown to GM crops. However, adoption has
been uneven across countries, with most of the expansion taking place in developed nations.
Despite the growing availability of various GM crop varieties, commercial success has been

7|Page



Gulf Journal of Economics & Trade, Vol. 1, Issue 1, October 2025

concentrated on just a few varieties or traits. In the countries where GM crops have been
adopted, the principal benefits include productivity gains, more affordable and improved food
quality, reduced pests and disease infestations, and better management of land resources,
among others. Despite these benefits, the adoption of GM technologies has not been
widespread among Ghanaian horticultural farmers, particularly smallholder farmers in rural
areas. Several factors may explain the limited adoption, including the inability of poor rural
farm households to afford the initial costs of these technologies. Additionally, concerns over
the safety and long-term impacts of GM crops have led to debates, leaving farmers uncertain
about whether to embrace these technologies. To address this issue and maximize the
potential benefits, the role of research, relevant policy tools, and financial support for farmers
willing to adopt biotechnology would be crucial in helping Ghanaian farmers realize the full
potential of these innovations.
Benefits of Biotechnology
The potential socio-economic benefits of biotechnology applications are well-documented in
the existing literature. Enhanced food production through insect control, disease-resistant
seeds, insect and weed resistance, and nutritional enhancement are often highlighted as key
benefits of biotechnology (Mackey, 2003). Overall, biotechnology is viewed as a promising
solution for improving food security and addressing economic challenges, particularly in
drought-prone regions of the world. These technologies transform traditional farming
methods, allowing for more effective responses to the challenges farmers face. Biotechnology
can serve as a vital tool for increasing crop yields and reducing production costs for
smallholder farmers. It can also play a critical role in developing drought-resistant crop
varieties that are better suited to harsh environmental conditions. Additionally, biotechnology
can help address land constraints by maximizing the productivity of limited arable land,
enabling farmers to obtain higher yields and contributing to environmental conservation. The
growing importance of biotechnology in the economic transformation and sustainable
development of the developing world has become more evident due to several factors,
including rising food prices, increasing food insecurity, the commercialization of genetically
engineered products, and rapid technological advancements. These factors have amplified the
need for biotechnology to support agricultural growth and economic resilience in developing
regions.
Potential of Biotechnology in Increasing Productivity of Horticultural Farming
The application of biotechnology is poised to bring significant changes to every aspect of
plant production, including in horticulture. However, commercial applications of plant genetic
engineering have not yet fully materialized. Currently, traditional biotechnological methods,
such as tissue culture, play a key role, particularly in accelerating the breeding process for
new varieties and in multiplying disease-free seed material. These methods are crucial in
advancing horticultural production by improving plant health and breeding efficiency.
Biotechnology offers several methods to increase agricultural yields, including enhancing
flowering capacity and improving photosynthesis or the absorption of essential nutrients. The
breeding of horticultural plant species has seen considerable advancement, particularly
through in vitro techniques that produce improved varieties better suited to specific
environmental conditions. Tissue culture has played a significant role in these advancements,
providing several key benefits, such as:
(1) The rapid reproduction and multiplication of cultivars developed through selective
breeding.
(i1) The production of healthy cultivars that are free from viruses and other pathogenic
agents.
(i) The quick adaptation and selection of cultivars that are resistant to specific stress
factors, such as salinity or acidic soils.
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(iv) The availability of seed material throughout the year, eliminating the dependence on
seasonal cycles for seed production.
(v) The ability to produce species that are difficult to reproduce or that grow slowly under
natural conditions.
The application of tissue culture in biotechnology does not require expensive equipment,
making it accessible for use in developing countries, where it can enhance the improvement of
various horticultural crops. Biotechnology also helps reduce the reliance on agrochemicals,
which are often unaffordable for smallholder farmers in developing nations. A reduction in
agrochemical use means fewer residues in the final products, which is beneficial for both
health and the environment. Globally, nitrogen-fixing bacteria are increasingly used to
inoculate soil, enabling farmers to reduce the use of costly fertilizers that also strain the
foreign exchange resources of developing countries. Biotechnology aids in identifying the
most suitable bacterial strains for specific crops and soils and allows for large-scale
multiplication of these strains for widespread use. Additionally, there are around a hundred
known species of fungi with insecticidal properties. Biotechnology can facilitate the mass
production of these fungi in a storable form, which may be more cost-effective than traditional
agrochemicals. As living organisms, these fungi multiply in favorable conditions, adapting to
the intensity of pests. Moreover, improved screening techniques at an early stage can help
reduce the need for agrochemicals to control specific diseases. The potential for
biotechnology to enhance horticultural productivity is enormous. However, the mere existence
of such capabilities does not guarantee their realization. Various obstacles often impede the
widespread adoption of new technologies in horticultural farming.
Some of these obstacles are:
(i) Insufficient connections between international and national research organizations;
(if) Limited communication between national research bodies and farmers;
(iii) Absence of support mechanisms such as credit facilities, consistent supply of
improved seeds, demonstration plots, and marketing channels; and
(iv) Land ownership systems that reduce the motivation of both landlords and tenants to
adopt new technologies.
Biotechnology holds significant promise for advancing horticultural agriculture. However,
when the focus of this technology is to boost productivity in export sectors, it could
undermine the market position of other sectors. In such situations, global competition might
disrupt cooperation between different farming areas and affect the development of other
technologies that are essential for implementing biotechnologies tailored to specific needs.
CONCLUSION
From the discussions presented, it is clear that biotechnology plays a crucial role in addressing
food security challenges in Ghana and other developing nations, and remains one of the most
significant developmental concerns. However, agricultural production issues in these
countries, like Ghana, cannot be solved by technology alone. Nonetheless, biotechnology
could contribute to sustainable development by enhancing agricultural productivity through
innovative breeding techniques, and by boosting agricultural revenues. Despite these potential
benefits, the use of agricultural biotechnology in developing nations is still a subject of
debate. From a human welfare perspective, the greatest gains from plant biotechnology will
likely come from the adoption of improved crop varieties, particularly in developing countries
where billions of people still rely on agriculture for their livelihoods. In conclusion, this paper
aligns with Makinde et al. (2009), recognizing that while agricultural biotechnology is not a
universal solution to the wide array of challenges faced by farmers in Africa, it holds the
potential to improve crop breeding and management systems, leading to higher yields and
better varieties.
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Based on these conclusions, several recommendations are made. First, for biotechnology to
have the intended impact on productivity and food security, the pressing issues faced by
smallholder farmers in Ghana must be addressed. Second, it is essential to build the necessary
capacity to develop plant biotechnologies and integrate them into national crop improvement
initiatives. Third, Ghana should establish intellectual property rights and regulatory
frameworks that ensure safety and incentivize the private sector to develop and market these
new crop varieties. Finally, both public and private research institutions in Ghana should be
supported in continuing to produce research and products that meet the needs of impoverished
farmers and consumers.
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