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IMPLICATIONS OF CLIMATE CHANGE ON GUINEA CORN AND
BEANS PRODUCTION IN AFRICA

Olaitan Razaqg Abolaji
&
Ismail, O. Orire, Ph.D.
Department of Geography and Environmental Management,
University of llorin.
olaitan.ra@unilorin.edu.ng

Abstract

The disruption of the climate variables over the past several decades has negative
influence on crop production, as the rise in the concentration of atmospheric aerosol
particles, ozone, and temperature has altered the planting calendar period for guinea
corn and bean. Variability in these climate elements has affected the overall yields of
guinea corn and beans, and the future deteriorating security situation in Sub-Sahara
Africa is highly probable. However, the development of adequate policy and
measures to confront climate change is synonymous with the achievement of
increased yields of guinea corn and beans. Climate disruption has its flipside of the
story; it has taught all African countries lessons that the frequency of occurrence of
climate change risks has increased because of a lack of political will and focus towards
meeting the United Nations Millennium Development Goals. Nevertheless, it is also
an opportunity for all African nations to rethink their actions and approaches towards
entrenching sustainable economic growth, as climate variability may have significant
impacts on every sector of the economy.

Background of the Study

Over the past three decades, the effects of climate variability on the production of
guinea corn and beans have grown from being significant to being deadly, which is a
major cause for concern on a global scale. Crop productivity and climate change are
closely related because varying climates have led to losses in yields of guinea corn and
beans in various geographical areas (Sufiyan, et al 2020). Africa’s economy is overly
reliant on climate-exposed crop farming and climate change continues to worsen the
distribution of poverty (Salgado et al., 2022). One of the primary precursors to non-
uniform and spatiotemporal changes in climatic elements are aerosol particles, which
may arise from interactions between solar radiation and the atmosphere's growing
aerosol concentration. (Liu et al., 2020). While heat stress results from an uneven
distribution of suppressing temperatures in a cropland, ozone plays a significant role in
determining the levels of photosynthesis inthatarea. (Lee, etal.,, 2022).

In many parts of the world, the combination of heat stress, ozone, and aerosol
particles had a detrimental effect on crop yields. For instance, recent research indicates
that atmospheric aerosol concentration is accountable for 4.8% and 23.2% of the yield
reductions for maize and soya beans, respectively, while ozone is responsible for 8.7%
and 11.3% of the yield reductions. (Wuetal., 2022). According to recent forecasts, the
world's temperature will rise by 2 degrees Celsius soon. In the absence of appropriate
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environmental management plans, a 7.4% loss in guinea corn yields was predicted for
every degree that the temperature rose. Recent research indicates that ozone pollution
reduces guinea corn yields by 2% to 13%, resulting in an annual loss of 453,000 tons
throughout Sub-Saharan Africa. A comparable study revealed that in many regions of
Africa, ozone has lowered bean yields by at least 10%, resulting in an annual loss of
about 300,000 tons (Sharps, etal., 2021).

Over 95% of Africa's cropland has suffered economic losses as a result of heat
stress. Furthermore, there are concerns that the interaction between climate change
and air pollution could cause crop yields to decrease by more than half soon. (Yengoh
and Ardo, 2020). Due to exposure to air pollution and extreme temperatures, crop
yields in African nations have drastically decreased recently. Africa is home to 13% of
the world's population, and the vast majority of people there-especially those who live
in rural areas-are currently wracked by extreme poverty (Yengoh and Ardo, 2020). The
primary source of farming is still rain-fed agriculture, even though the entire
population was directly dependent on it due to the climate's suitability for a wide
variety of crops.

(Cooper et al., 2008). For instance, over the past three decades, the West African
subregion alone has produced more than 60% of all agricultural output; however, air
pollution and climate change have recently increased the threats to many crops.
(Kumar et al., 2022). The Comprehensive Africa Agriculture Development Program
(CAADP) and the Malabo Declaration on Accelerated Agricultural Growth and
Transformation cannot be implemented due to this growing threat.

The selection of Guinea corn and beans for this study stems from their
widespread production over the past ten years as staple crops and their exceptional
resistance to climatic fluctuations (Sufiyan et al., 2020). It was unclear, nevertheless,
how prolonged heat stress, ozone, and airborne aerosol particles would compound to
affect crop yields. This research will contribute to a deeper understanding of how
people's livelihoods in major African countries are affected by climate change and air
quality. (Malhi, Kaur, and Kaushik, 2021). The study is predicated on the idea that
heat stress, aerosol pollution, and ozone pollution harm crop yields (beans and guinea
corn) as a result of air pollution-climate interactions. This study looks at the possible
effects of ozone, airborne aerosol particles, and heat stress on guinea corn and beans in
Sub-Saharan Africa. It focuses on how these factors affect the two crops during the
rainy season, which runs from April to October. Due to their high market value in the
African Sub-region, guinea corn and beans are widely grown for food and profit, and
as aresult, they greatly increase the region's gross domestic product. (Akinola, etal.,,
2020). In recognition of this, the government has created programs to improve the
production capacity of local farmers, particularly those operating in smallholder
systems, and to improve the cultivation of guinea corn and beans.

Methodology

The Food and Agriculture Organization's website provided information on cropping
statistics and the harvesting period for the production of guinea corn and beans.

at http://www.fao.org/agriculture/seed/cropcalender/welcome.do, and
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http://www.fao.org/faostat/en/#data/QC/visualize., Roughly 140 peer-reviewed
studies on the overall effects of climate change on cereal crops were examined. The
implications of adaptation for planting and harvesting, including Farmers/Herders
Crises, Armed Banditry Nod the Implications on Food Systems, and Social Crises due
to Environmental and Pest Infestation, are covered by a global dataset of peer-
reviewed publications on climate variability (aerosol particles, temperature, and
rainfall) on guinea corn and beans since 1985. The selection process is based on
keyword searches conducted using the Web of Science and Google, two of the most
popular research search engines. With the help of these sources, users can access the
most trustworthy, multidisciplinary, and integrated research publications on climate
change.

They can also access multiple publications on the same platform by linking
content citation metrics from various sources and databases. Over the past 40 years,
there have been variations in the rainfall period in African regions, which correspond
to the planting season for different varieties of beans and guinea corn, due to
agroecological factors and varying climates. (Ayanlade, Odekunle, and Orimoogunje,
2010). Is there hope for ample yields of guinea corn and beans species after the last
three decades? The effects of aerosol particles, atmospheric ozone, and heat stress are
predicted to result in asignificant decrease in the production of guinea corn and beans.

Farmers/Herders Crises, Armed Banditry and the Implications on Food Systems
The production of guinea corn and beans has decreased as a result of the movement
restrictions that smallholder farmers recently implemented to stop the rising trends of
indiscriminate killing by armed bandits and herdsmen (Michael, et al.,, 2021). Since
over 70% of the workforce depends on agriculture for survival, the source of income
has suffered. Numerous studies have indicated that the planting season is when guinea
corn and beans are most reduced in production; however, new data indicates that in
most African countries, these declining trends are gaining traction on a seasonal and
yearly basis. (Michael et al., 2021). For instance, recent research conducted in the
southwest of Nigeria has shown that herdsmen who invaded farmlands have destroyed
a large area of guinea corn and bean farmlands. In a similar vein, recent research
conducted in northern (Babalola, et al., 2024). Nigeria has revealed that farmers have
to meet specific requirements to harvest a particular amount of their produce. Africa’s
impending labour shortage is predicted to result in a loss of daily income from the
informal farming and non-farming sectors, and unemployment could have a
significant negative impact on the continent's economy (Obayelu, et al.,, 2021). In
addition to causing job losses, armed banditry and crises affecting herders and farmers
may also result in a shortage of food supplies. This could lead to an increase in the
amount of guinea corn and beans imported into African countries and their market
prices. These elements work together to make poverty on the African continent worse.

Environmental and Pest Infestation Influenced Social Crises

The effects of climate change on farmlands during the guinea corn and bean planting
and harvest seasons took many different forms, such as an increase in pests and
diseases. Thus, in Sub-Saharan Africa, the effects of climate change have also
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contributed to a decline in the supply and production of tuber crops (Kumar et al.,
2022). In addition to being unsustainable when it comes to maximizing the production
and harvest of guinea corn and beans, the current adaptation measures-such as
changing cropping calendars and farm management practices-may also have
detrimental effects on the economies of the African countries that depend heavily on
agriculture (Sadiq, et al.,, 2019). For instance, reduced production and harvest of
cereal crops have been associated with altered rainfall and temperature patterns; an
increase of 20C in temperature may result in a 17% decrease in cereal crop production
and harvests. (Akpenpuun and Busari, 2013). As long as the cereal crops are of virile
varieties and mature at a reasonably high temperature-between 20 and 40 degrees
Celsius-between the rainy season and the early onset of rainfall, climate variability can
be reduced and the likelihood of abundant production and harvests increased (Wang, et
al., 2018). The production and harvest potential of guinea corn and beans may be
negatively impacted by pest infestation, killings, social unrest, and other effects of
climate change, even though adaptation practices like collecting rainwater for
irrigation and land conservation measures may lessen environmental challenges
(Sufiyanetal., 2020).

Impacts of Adaptation on Planting and Harvesting of Guinea Corn and Beans
Production

Although beans and guinea corn constitute the foundation of African agricultural
production, there are differences in the ideal times to plant and harvest these crops et
al., 2015). Guinea corn can be sown in July, but beans should be planted in March or
April when the rains arrive on schedule. However, the agroecological and climatic
features of a region can affect the harvest period. This raises the question: given
Africa's current adaptation, is there any chance of increased yields for yams and
cassava? The projected global recession and higher transaction costs of farm inputs are
expected to strengthen adaptation, leading to a drastic reduction in the guinea corn and
beans supply in Africa. According to recent studies, yam and cassava are two of the
most important staple foods in Africa; however, smallholder farmers are having
trouble producing and harvesting enough of these crops to meet the demands of the
continent's steadily growing population (Schultze, et al.,2024). Adaptation objectives
have not been met by more than 90% of African countries despite intervention by the
African government. Many have blamed increased anthropogenic activity, climate
change, and insufficient coverage of smallholder farmers for training and support
services for their failure (Ogundeji, 2022). For instance, the government of Nigeria's
sub-regional West African area has been offering various interventions to promote the
appropriate production and harvesting of guinea corn and beans, particularly in the
Guinea Savannah Belts and the southernmost region of the nation where the crops are
more plentiful (Ndukwu etal., 2015).

Guinea corn and beans are also commonly produced and harvested in large
quantities in Tanzania, a subregion of East Africa (Nassary, Baijukya, and Ndakidemi,
2020). The African government continues to import guinea corn and beans from other
nations, despite their multiple initiatives and targets to ensure a sustainable supply of
tuber crops to meet the 6% annual consumption increase (Giller et al., 2021). This
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allows them to significantly earn foreign exchange revenue from the production and
harvest of yam and cassava. Several academics have argued that, in comparison to
mechanized farming systems in developed nations that supplied the African continent,
the yam and cassava grown in Africa are produced at a lower scale by smallholder
farmers.

Implications of Aerosol Particles, Ozone, and Heat Stress on Guinea corn and
Beans Production

Thousands of deaths worldwide have been attributed to losses in guinea corn and bean
yields, with the majority of these deaths occurring in Africa. Crop productivity and
climate change are closely related because varying climates have led to losses in yields
of guinea corn and beans in various geographical areas (Derbile, Bonye, and
Yiridomoh, 2022). A few of the meteorological factors at play are temperature,
precipitation, and aerosol particles. The current unpredictable weather is a result of the
continuing interactions between solar radiation and the increasing concentration of
atmospheric aerosol. For example, scientists now understand that the global warming
phenomenon is related to dryness, humidity, cloudiness, and clear weather, all of
which hurt crop productivity (Z. Li et al., 2016). The distribution of adaptation to the
effects of climate change on the yields of guinea corn and beans is uneven at all levels,
depending on how susceptible a system is to those effects. Because various drivers of
adaptation within intersectional places have varying degrees of sensitivity and interact
to affect crop production, adaptation may differ at intersectional levels (Raza et al.,
2019).

Even though several adaptation interventions had been implemented to help
communities deal with the loss of guinea corn and beans, a review of the responses of
individuals, communities, states, nations, and international multilateral organizations
to the rising prevalence of food insecurity in various regions of the world was
necessary (Rosol, et al.,, 2016). The goal of this is to increase awareness of how
vulnerable individuals at intersectional levels are. This could potentially contribute to
redefining adaptation to the effects of Africa's loss of guinea corn and beans. In climate
change studies, taking into account the various human and natural factors within a
given multisectional area can help to reduce uncertainties associated with loss and
waste estimation in Africa. (Makvandietal.,2023).

While the majority of people in African households experience varying
degrees of food insecurity, nearly 13% of the world's population who reside in Africa
expressed concern about the growing effects of low production (Gebre and Rahut,
2021). Therefore, to incorporate diversity, flexibility, and redundancy in subsequent
planning for more effective adaptation strategies, it is necessary to review our current
understanding of the climatic impacts of food spoilage (Lowy et al., 2012). Although
African farmers only use rainfall to grow guinea corn and beans, the region is known
for having insufficient data on food production. Examined were the possible effects of
guinea corn and bean planting date adaptation in several significant African regions.
Guinea corn and beans are gradually becoming a source of economic livelihood for
many people in Africa, as about 60% of yam and cassava are produced in the continent
(Derbile et al., 2022). However, the majority of African farmlands' economic viability
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and GDP have been hampered by the effects of climate change, which include diseases
and pests. To increase the productivity of smallholder farmers (Kalele, et al.,, 2021),
African governments have created capacity-building programs in response to the
declining GDP reported for Guinea corn and beans. There is a need to refocus attention
away from state-based urban populations and toward regionally scaled rural agrarian
communities due to the ongoing population growth and proportionate demand for
agricultural products (Dessart, etal.,, 2001).

Despite the diversity of crops grown in Africa, the continent's growing
population has resulted in a 6-percent annual increase in demand for guinea corn and
beans, which production of these crops could not keep up with. As a result, more
guinea corn and beans have been imported from other nations (Dessart et al., 2001).
Through a variety of intervention strategies, African governments have consistently
increased the capacity for agrarian production to slow down the continent's rising
import rate. (Ndukwu, O.A.Akani, and Simonyan, 2015). One of the intervention's
goals is to help smallholder farmers grow their farms by extending their reach and
utilizing larger tracts of land for commercial purposes. The need for guinea corn and
beans has significantly outpaced local production capacities in Nigeria, Kenya, and
Tanzania, where these interventions have been observed. Additionally, the climate-
which includes aerosol particles, atmospheric ozone, and heat stresses-may raise the
risk of lower yields after 2030 (Babura, Isah, andf Chamo, 2017). This suggests that to
plan for an increased yield, it would be necessary to review the current agricultural
practices.

Conclusion

The ongoing reduction in the yields of guinea corn and beans in many regions of Sub-
Saharan Africa indicates that the government must take immediate action to address
the problems of food insecurity (Balogun, 2011). The United Nations Development
Program (UNDP) cannot assist in Africa unless all of its countries address the issue of
climate change. If farmers in this region are not given support, the production of guinea
corn and beans could decline. (Aniah, et al., 2019).. Farmers' carelessness could result
in a move to other crops or the abandonment of crop farming altogether, which would
exacerbate the current issue in Sub-Saharan Africa. (Bjornlund, Bjornlund, and Van
Rooyen, 2020). Despite the fact that several academics have advocated for an
integrated approach to crop science, meteorology, and traditional/indigenous
knowledge in the early warning system to determine the planting season calendar (van
Ginkel and Biradar, 2021).

Theoretically, an integrated approach to guinea corn and bean farming may
seem feasible, but without a clear government focus, insincerity and corruption may
hinder the efforts. (Sanchi, 2023). Thus, it is undeniable that the only way to ensure
growth in the yields of guinea corn and beans in Sub-Saharan Africa is through the
implementation of food security and safety net policies. African nations must move
quickly as a group to counteract the rising trends in the production of cereal crops,
especially beans and corn, as the United Nations Development Program (UNDP) is
prepared to fortify this alliance (Wudil, et al.,, 2022). Working with international
organizations can help avoid crop type switching and total disregard for farming
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methods, as developing an integrated farming approach has been determined to be a
better solution to the ongoing effects of climate change. The strategy optimizes guinea
corn and bean harvests and production by applying crop science, meteorological
science, and traditional knowledge (Wudil etal., 2022).

Although the adoption of an intersectional approach in the provision of
cashouts, farm inputs, and other incentives will help to reduce the bureaucratic
bottlenecks many smallholders are currently experiencing in the African continent, the
governments of many African countries have indeed acknowledged the importance of
an aggressive response to the growing food shortage (. Li and Zhang, 2023). To avoid
paying interest and allow for flexibility in repayment periods, all of the loan windows
available to farmers should be reviewed. Given the climate change scenario and the
current responses, it is therefore certain that the frequency and severity of food
insecurity challenges may be worse than anticipated if current adaptation measures are
not strengthened.
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