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Attaining sufficiency in food supply to support a growing population without
compromising ecosystem functioning remains a top agenda of researchers
and agricultural stakeholders. Agroecological farming approaches are effective
techniques that ensure sustainable food production even in adverse situations.
Population growth has been forecasted to reach over 9.1 billion by 2050 outpacing
food production. However, cereals and grain legumes are strategic to achieving
the United Nations Sustainable Development Goal of zero hunger by 2030 (SDG
2), ending extreme poverty (SDG 1), and mitigating the climate change effect
(SDG 13). There remains an urgent need to embrace more sustainable measures
to increase food production for the growing population. This review explores the
role of agroecology which employs a transdisciplinary approach to sustainable
agricultural practices to improve the resilience of farming systems by increasing
diversification through poly-cropping, agroforestry, use of local varieties,
and integrated crop and livestock systems. Furthermore, the agroecological
farming approach minimizes water use, lowers pollution levels on the farm, and
ensures economic profitability for the farmers. Thus, application of agroecology
techniques among the smallholder farmers is strategic to ensuring food security.

agroecological farming, sustainable development goals, sustainable food production,
small-scale farmers, economic profitability

Introduction

The United Nations second Sustainable Development Goal (SDGs-2) aims to “end hunger,
achieve food security and better nutrition,” and promote sustainable agriculture by 2030 (Lartey,
2015). However, the current state of global agricultural and food systems does not guarantee
adequate nutrition and food security. There are currently around a billion hungry people
globally, which is forecasted to double as the global population reaches 9.1 billion by 2050
(Tripathi et al,, 2019; Ikrang et al., 2022). Although over 60% of the population depends on
agriculture for food and income, the current population growth rate has outpaced food
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production (Porkka et al., 2017; Odusola, 2021). Contemporary
agricultural practices are characterized by expansive monocultures,
the use of high-yielding crop varieties, synthetic fertilizers and
agrochemicals including pesticides, fuel-based mechanization, and
extensive irrigation operations. Although these practices are able to
increase yields, they have failed to eliminate hunger and thereby raise
serious concerns regarding the economic, social, and environmental
sustainability of the modern farming practices. Industrial agriculture
also produces between 25 and 30% of the world’s greenhouse gas
(GHG) emissions, further aggravating the effects of climate change
and jeopardizing the ability of the planet to provide sufficient and
nutritious food into the future (Liu et al., 2020).

The current annual usage of pesticides stands at over 2.6 million
tons with a market value of more than US$ 25 billion (Rajbhandari,
2017; Abd-Aziz et al.,, 2022). Such massive use of pesticides often
impairs natural regulating systems and contributes towards the loss of
biodiversity that would otherwise support food production. The use
of high-yielding crop varieties and synthetic fertilizers appears to offer
only short-term benefits and have failed to stem declining yields,
especially among major cereal and legume production regions
(Rajbhandari, 2017; Kuyah et al., 2021). Meanwhile, the current rate
of global population’s growth has outpaced that of food production,
hence, resulting in severe food shortages, chronic hunger and
malnutrition especially among the least developed regions of the
world (Smith and Glauber, 2020). Many African nations are currently
in this category. Despite agriculture being considered as the backbone
of the economy and its significant contribution to the livelihood of
majority in Africa, most nations in the continent are still challenged
by factors which hinders agricultural productivities such as declining
soil fertility, climate change effects, water shortages, post-harvest
losses, and restricted market access among others (Gashu et al., 2019).
This condition has presently resulted in food security challenges, as
recently reported in Ethiopia (Yigezu Wendimu, 2021), South Africa
(Chakona and Shackleton, 2018), Nigeria (Ayinde et al., 2020), Ghana
(Atanga and Tankpa, 2021), Rwanda (Chigbu et al, 2019), and
Cameroon (Mbuli et al., 2021) among many others. Hence, the need
for a new paradigm for agricultural growth that supports more
environmentally friendly, biologically diversified, long-lasting,
resilient, and socially acceptable agricultural practices.

The foundation for these new agricultural systems comprise at
least 75% of the 1.5 billion smallholder composed largely of family
farmers and indigenous people operating 350 million small farms that
occupies about 20% of the world’s arable land and providing no less
than 50% of the world’s agricultural production for home consumption
(Machovina et al., 2015). Agroecology which has been increasingly
recognized for its potential to bring about the transformative changes
necessary to meet the SDGs is one such holistic and people-centered
farming approach that embraces a long-term vision and has the
potential to help successful transitions towards sustainable agriculture
and food systems (Anderson et al.,, 2019a). Agroecology is an applied
science that employs ecological concepts and principles to build and
manage sustainable agroecosystems with minimal reliance on external
inputs but more on natural processes like biological control and
natural soil fertility without expanding the agricultural land base
(Hathaway, 2016). This ecology-based discipline is characterized by
five principles: diversity, efficiency, natural regulation, synergies, and
recycling (Anderson et al., 2019a). Agroecological transitions toward
more sustainable agriculture and food systems have been categorized
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into three major categories namely; increasing eco-efficiency, input
substitution, and system redesign (Landert et al., 2020).

Agricultural intensification: applications of
sustainability in diverse settings

The need for sustainable agriculture came to the limelight in the
early 1980s in response to a variety of ecological concerns However,
since sustainable agriculture is a normative notion, different fields and
affiliations have given it diverse meanings (Mohd Hanafiah et al,,
2020). However, the traditional view of sustainable agriculture
frequently concentrates on contexts of on-farm and watershed-level
sustainability of agriculture with an emphasis on ecological and
agronomic dimensions (Martin et al.,, 2018). Although the commonly
practiced conventional approach of agriculture which entails
utilization of non-organic fertilizer and pesticides has made
considerable strides, but has disregarded some crucial contextual
features such as the culture, food tradition, human and social values,
and only partially able to identify some broad trends in sustainable
agriculture. Since the 1950s, industrialization, and uniformity in the
production, transportation, and sale of food and fiber have caused the
agricultural systems to become more and more defined by
monocultural landscapes. There has therefore been an increase in the
consolidation of small farms and the tendency toward economies of
scale (Petersen-Rockney et al., 2021). Conventional agriculture in
industrialized nations has been negatively linked to excessive energy
use, the loss of small farms, and local biodiversity within its framework
of massive, heavily financed, automated farms and expanding food
networks (Gomiero et al., 2008). These unfavorable consequences
have had a significant impact on how the idea of sustainable
agriculture has emerged in industrialized nations. In these nations,
attempts to reorganize the environmental, sociocultural, geographical,
and temporal components of the traditional food system serve as the
foundation for ideological concepts of sustainable agriculture (Fakin
et al, 2017). This reframes the link between agriculture and the
environment by utilizing techniques like organic and biodynamic
farming (Muhie, 2023). The nature of the geographical and temporal
exchanges that occur in traditional agriculture has also changed as a
result of the use of alternative food channels that connect customers
and producers directly, such as farmers’ markets and community-
supported agriculture.

In contrast to industrialized nations, efforts towards sustainable
agriculture in poor nations place a greater emphasis on the economic
independence, health, and cultural lives of producers than on the
esthetics or environmental advantages to the consumers.
Agroecological management-based crop and animal diversification
reduces the economic risk and uncertainty associated with pest and
disease outbreaks and declining prices of agricultural produce (Garrett
et al, 2020). Therefore, an integrated farming system with diverse
forms of production is characterized by the integration and recycling
of various on-farm components to enhance the economic benefits and
self-sufficiency in resource utilization (Garrett et al., 2020; Hercher-
Pasteur et al., 2021). The intricacies of resource use in sustainable
agricultural initiatives in poor nations differ from those in developed
countries. Movements for sustainable agriculture in developing
nations have emerged as an immediate response to the national
economic crises by thriving toward a self-sufficient economy (Lang
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and Barling, 2012). Therefore, the practices of agroecology have been
embraced as approaches that offer resilience for restructuring
agricultural development, in spite of the variation in the practice of
sustainable agriculture and food security from country to country. The
report of Wezel etal. (2014) enumerated a total of 15 the agroecological
practices, 9 of which was considered as poorly integrated in agriculture
such as the applications of natural pesticides, biofertilizers, crop
rotations and crop choice, agroforestry with fruit, nut trees or timber,
intercropping and relay intercropping, mulching or direct seeding into
living cover crops and integration of semi natural landscape elements
at field and farm. However, the agroecological practices that are
already well integrated include reduced tillage, organic fertilization,
split fertilization, cultivar choice and biological pest control.

Adoption of agroecological techniques
among the smallholder farmers: the impact
on food sovereignty

Small-scale agriculture has, in recent times, received more global
attention. This is a result of the realization of its immense potential
contribution to solving food security problem even in the face of
energy, economic and climate change challenges (Simon et al., 2020).
More so, agroecology principles support the plight of the small-scale
farmers for food sovereignty. According to La Via Campesina, “Food
Sovereignty is the right of peoples to healthy and culturally appropriate
food produced through ecologically sound and sustainable methods,
and their right to define their own food and agriculture systems”
(Huambachano, 2019). In essence, food sovereignty describes how
food security could be attained. Thus, the concepts of food sovereignty
and agroecological-based production systems have received a lot of
attention globally over the past 20years, due to their prospects of
increasing food production and bettering the lives of the poorest.
Therefore, if the most effective agricultural methods are to
be employed, a radical change toward agroecology must be embraced
(Peredo Parada et al., 2020) because ecologically based management
strategies in agroecosystems and agricultural landscapes can increase
the sustainability of agricultural production while reducing off-site
consequences Matson et al. (1997).

Agroecology is one of the most reliable routes of attaining
sustainable development in the face of the current and expected future
climatic, energy, and economic conditions (Streimikis and Balezentis,
2020). Currently, the global “agrarian revolution” is receiving its
scientific, methodological, and technical foundation from agroecology
(Kohler and Negrao, 2018). Hence, the agroecology-based production
system is the foundation of the food sovereignty approach because
they are resilient, efficient, biodiverse, and socially acceptable
(Anderson et al., 2019b). It is a system that is characterized by a vast
diversity of domesticated plant and animal species that are maintained
and improved to ensure the appropriate biodiversity, soil conservation,
and water regime management that are supported by intricate
traditional knowledge systems (Marchetti et al., 2020). These systems
have nourished a vast majority of the population for generations. The
practice of small-scale farming employs the principles of recycling,
diversity, synergy, and integration as well as social processes that value
community involvement and empowerment, is the major means of
promoting an agroecological development paradigm set to meet the
world’s food needs in this era of increasing oil cost and climate change
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coupled with the socioecological importance of peasant agriculture
(Wezel et al., 2020).

The agroecological features of smallholder farming systems have
demonstrated an efficient farming techniques without depending on
the aid of chemical fertilizers, pesticides, mechanization, or other
modern agricultural science technologies (Altieri et al, 2012).
Traditional farmers in many developing nations have created complex
farming techniques that have been passed down from generation to
generation. A successful indigenous agricultural strategy is shown by
the continued use of more than 3 million hectares of traditional
agriculture in the form of terraces, raised fields, agroforestry systems,
and polycultures, among others (Koohafkan and Altieri, 2011). Thus,
the majority of traditional agroecosystems share some outstanding
characteristics, which entail a stable agroecosystem that is resilient,
minimizes the risk of losses, and adapts to adverse conditions caused
by human or natural events. The traditional practices as well produce
a variety of products that support both food and livelihood security
(Quiroz-Guerrero et al., 2020). More so, these systems are supported
by farmers’ inventions, technology, and traditional knowledge, which
results in high levels of biodiversity that are essential for controlling
the ecosystem function and for delivering important ecosystem
services from local to global levels (Singh M., 2021). The traditional
agroecosystems are characterized by innovative landscapes, water and
land resource management, and conservation technologies that
enhance ecosystem management. Also, socio-cultural practices, such
as ingrained institutions for agroecological management, normative
agreements for resource access and benefit sharing, value systems, etc.,
are governed by strong cultural values (Marchi et al, 2018;
Tittonell, 2020).

Agricultural systems are dynamic and influenced by population
growth, scientific and technological advancements, global market
forces, agricultural subsidies, consumer demands, climatic change and
variability, and pressure from social movements calling for land
reform, food sovereignty, and poverty reduction (Harmanny and
Malek, 2019). Agroecologists have therefore redesigned and optimized
smallholders’ agricultural systems using agroecological concepts and
techniques in order to make them more responsive to these factors
and potentially viable in a world that is changing rapidly (Barrios
et al., 2020). The majority of what could be considered the pillars of
sustainable management of agricultural systems are shared by most of
the agroecological-based systems that have been successful in terms
of productivity and resilience (Sandhu, 2021). These entail (i) raising
the production efficiency of all farms, (ii) improving the resilience and
ensuring risk reduction, (iii) enhancing biodiversity, ecological
services, and resource conservation (iv) supporting social justice,
cultural diversity, and economic prosperity, (v) increasing reliance on
renewable resources while improving natural cycles, and (vi)
preventing damage to the environment and to the land. Agroecological
systems obviously place strong emphasis on promoting food
sovereignty, which advocates for the right and access of everyone to
food that is safe, nourishing, and culturally appropriate for food in
sufficient quantity and quality to supports a healthy life while
maintaining human dignity. In furtherance of this, the agroecological
plan also aims at improving energy and technical sovereignty in light
of the anticipated rise in the cost of fuel and inputs (Ramankutty and
Dowlatabadi, 2021).

We therefore hypothesize that re-designing of the food systems
through agroecological techniques entails consideration of the
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contributory roles of the biotic and abiotic influences on the ecological
services and agroecosystem functions. Mores so, the farmers planned
agroecological techniques which aims at attaining improved soil
quality and plant health, higher productivity, enhanced socio-
ecological resilience, autonomy and food sovereignty are further
shaped by innovative approaches and social movements. Thus,
achieving these requires an enabling environment for agroecological
practices that could be derived through responsible governance. More
so, agroecological production and consumption are facilitated by the
context and innovative approaches that modulates the social and
institutional improvements while the practice of circular and solidarity
economy prioritizes the promotion and development of local
economies by promoting solutions based on the local needs, resources,
and the capabilities to build a fairer and sustainable markets that
empowers the smallholders” farmers (Figure 1).

Agroecology and sustainable agricultural
practices: the African perspectives

Smallholder farmers reportedly feed about one-third of the 238
million people who live in towns and cities, and the majority of the
712 million hungry people who live in rural and remote areas across
the world (Altieri et al., 2012). This implies that small-scale farming
supports about half of the world’s population, and produces at least
70% of the world’s food, this on plots averaging 2ha (Kihara et al.,
2020; Sheppard et al., 2020). More so, millions of smallholders and
their family, and indigenous people are engaged in resource-
conserving farming, a practice that has greatly contributed to food
security and improvement of agricultural systems despite the
unfavorable climatic and environmental conditions in many areas
(Powlson et al., 2011). The traditional agricultural practices that are
still operational in many countries throughout Asia, Latin America,
and Africa make up an important and inventive agricultural heritage

10.3389/fsufs.2023.1143061

that reflects the value of the diversity of agricultural practices adapted
to different environments. This makes up a significant neolithic
heritage, although modern agriculture continuously jeopardizes the
viability of this legacy (Koohafkan and Altieri, 2011). More than 1.9
million plant types have been reportedly submitted to the world’s gene
banks by indigenous farmers and peasants, who have created 5,000
domesticated crop species (Kinfe and Tesfaye, 2018). Also, rather than
use commercial hybrid seeds, majority of smallholders cultivate their
crops using self-bred seeds. Farmers are protected by such genetic
diversity from pests, diseases, droughts, and other pressures as the
population of diverse and adaptable landraces, as well as weedy and
wild relatives of crops, can be found in traditional agroecosystems
(Mercer et al., 2019). They are also able to make use of the whole
spectrum of agroecosystems that exist in each location and vary in
terms of altitude, slope, water availability, soil quality, etc (Quiroz
et al, 2018). The stability of agricultural systems is increased by
genetic diversity, which also enables farmers to take advantage of
various microclimates and employ genetic variation across species for
a variety of nutritional and other purposes (Noni¢ and Sijaci¢-Nikoli¢,
2021; Singh R. P, 2021).

According to recent studies, many smallholder farmers adapt to and
even prepare for climate change by using more drought-tolerant local
varieties, water collecting techniques, agroforestry, mixed cropping, soil
conservation measures, and a variety of other age-old methods to reduce
crop failure (Nyang'au et al., 2021). Small-scale farms constitute the
majority of farms and farm produce, especially in rural Asia and Africa.
For instance, only a few of the farmers cultivate more than 2 hectares of
rice out of over 200 million rice farmers that reside throughout Asia, and
the majority of the rice produced by Asian small-scale farmers is made
up of local cultivars, which are often cultivated in highland environments
or under rain-fed circumstances (Altieri et al., 2012). About half of the
global small-scale farms are practiced on 193 million ha in China,
followed 93 million in India representing 23% of global small-scale
farms, then Indonesia, Bangladesh, and Vietnam (Shams et al., 2020). In
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China alone, there are about 75 million rice farmers who continue to
employ techniques dated back to more than a thousand years (Altieri and
Nicholls, 2017). In Latin America, smallholder’s production units employ
16 million peasant farmers who produce 51 percent of the region’s maize,
77 percent of its beans, and 61 percent of its potatoes while providing
about 41% of the agricultural output for domestic consumption
(McMichael and Schneider, 2011). In Brazil, about 4.8 million family
farmers who comprise about 85% of the entire country’s farming
community work on 30% of Brazil’s total agricultural land (Cabral et al.,
2016). Similarly, the National Program for Local Innovation in Cuba has
successfully spread agroecological innovations that have been shown to
improve food security and food sovereignty while coping with and
reducing the negative impact of climate change (Fernandez et al., 2018).

Africa presents a peculiar situation as regards the adoption of
agroecological practices among the small-scale farmers. A number of
farmers, mostly women, were of the opinion that the agroecological
models place further pressure on the small-scale farmers by their need
to prepare organically acceptable farm additives such as composts,
biochar and biopesticides by themselves (Mestmacher and Braun,
2021). More so, the assurance of obtaining better performance as in
the case of disease management compared to the conventional
farming technique is not guaranteed. Some, therefore, opined that
agroecological models are too restrictive to transform the agricultural
sector as advocated but rather lure farmers into unproductive farming
practices (Mugwanya, 2019). However, this opinion could be a result
of the technical know-how, and the limited investigations on
agroecology in Africa (Wezel et al., 2014, 2020), especially when the
practice of agroecology requires a tailored understanding of plants,
biogeochemical and climate relationships (Bezner Kerr et al., 2019),
the knowledge that directly impact productivity that may not
be readily available to smallholder farmers until they are adequately
trained. Consequent to the claims of some that agroecological systems
can only provide meager yields, a searchlight on the contribution of
Africa to agroecology in the agricultural operations of the smallholder
farmers revealed that around 33 million small farms exist in Africa
accounting for more than 80% of all the farms on the continent
(Hilson et al., 2021). Two-thirds of all African small farms are less
than 2 ha, while 90% of all farms are smaller than 10ha (Conway, 2011).

Largely, smallholder practitioners in Africa are women who
engage in “low-resource” agriculture, providing the bulk of the region’s
grains and nearly all the root and tuber crops, including plantain and
most of the legumes consumed (Altieri et al., 2012). Furthermore,
smallholder agriculture and rural economic activities have been
reported to provide over 60% of the livelihoods in Sub-Saharan
African countries, and their effectiveness of operations is influenced
by the choice of development strategy, which is hinged on the
application of traditional systems (Okoh and Hilson, 2011). This
strategy has sped up the pace of change in rural areas, demonstrating
an effective and resilient indigenous agricultural strategy and serving
as models of sustainability by promoting biodiversity, thriving without
agrochemicals, and maintaining year-round yields in the face of
societal pressures (Gomiero et al., 2011). Thus, the struggle and goals
of rural movements are consistent with agroecology as a science since
it upholds rather than undermines peasant logic, optimizes the design
of local agricultural systems, and draws on local knowledge and
resources. Additionally, agroecology is socially energizing because it
depends on community involvement and horizontal techniques of
information exchange to function (Levidow et al., 2014). This is
evident in the UK government’s Foresight Global Food and Farming
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project, where 40 initiatives and programs were examined in 20
African nations where sustainable crop intensification was pushed
from the 1990s to the 2000s (Altieri et al., 2012). Crop enhancements,
conservation agriculture, agroforestry, and soil preservation,
integrated pest management, horticulture, aquaculture, livestock and
fodder crops, and creative policies and collaborations were among the
initiatives (Strapasson et al., 2020). The report revealed that by the
beginning of 2010, these initiatives have produced improvements on
over 12.75 million hectares and demonstrated benefits for 10.39
million farmers and their families. Since the agricultural yields
increased by 2.13 times on average as a result of the introduction of
new and improved varieties, food outputs from sustainable
intensification were considerable (Mondal and Palit, 2021).

Agriculture contributes significantly to Kenya’s economy, about
30% of the nation’s Gross Domestic Product (GDP), over 60% of
exports, 75% of the labor force, and more than 80% of industrial raw
materials come from agriculture (Tomich et al., 2018). Although
Kenyan smallholder farmers who are mostly engaged in crop
production still require more resources to adopt sustainable
agriculture and enhance their production efficiency, there is a paucity
of empirical evidence and minimal research on the farmers’
productivity (Abdulai and Hazell, 1996). Meanwhile, one of the most
successful diversification strategies in Africa is agriculture-
agroforestry-based practices. Evidence from Tanzania, Malawi,
Zambia, Mozambique, and Cameroon revealed that the cultivation
of maize alongside quick-growing nitrogen-fixing shrubs such as
Tephrosia and Calliandra, increases total maize output of 8t/ha as
opposed to 5t/ha under monoculture (Altieri et al., 2012). Similarly,
the grain yield increase of up to 280 percent was recorded in Malawi
when compared to the region outside of the tree canopy (Garrity
etal, 2010). Furthermore, in the maize-Faidherbia system in Maradi
and Zinder regions of Niger, where about 4.8 million hectares of
Faidherbia were cultivated in fields containing up to 150 trees per
hectare. The trees shielded maize plants from sweltering breezes,
prevented the land from wind and water, while increasing agricultural
yields. The success of this program encouraged the launch of such
initiatives in other Sahelian countries to support the farmer-managed
natural regeneration of Faidherbia and other species (Reij and
Smaling, 2008).

Agroecological initiatives adopted in African countries also
include the combined maize and legume farming, which is followed
by rice in the following season as practiced by farmers in Madagascar
to sustain soil fertility (Rodenburg et al., 2020). Madagascar farmers
similarly employ the association of food crops (groundnut, Bambara
bean, etc.) with Stylosanthes guianensis cv. CIAT 184 in rotation with
rice on the poor soils, as directed by the Groupement Semis Direct de
Madagascar (Michellon et al., 2011). Mostly, the presence of Striga
asiatica in several regions of the nation is one of the main factors that
instigated the practice of conservation agriculture, and thus served as
a point of entry for the spread of agroecology techniques in the
country (Michellon et al., 2011). In addition, the intercropping of
maize with cover crops such as pigeon pea and D. lablab enables the
farmers to produce three harvests even with greater yields in a season
instead of the usual two harvests. Hence, the production index under
conservation farming increased from 1.25t/ha in 2004 to 7.0t/ha in
2009, Thereby leading to significant decrease in the amount of work
and time needed to expend on farm operations, and more smallholders
embraced this program in the consequent cultivation periods
(Owenya et al., 2011; Table 1).
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Agroecological practices support
biodiversity conservation and promote
social justice

Farming practices rooted in agroecological principles are not new in
Africa but rather have been the norm for millennia. Intercropping and
crop varietal mixtures, crop rotations, weedy margins around gardens,
mulches, ridging, bush fallows are common features of historical farming
systems of Africa. In Uganda, coffee-banana systems are familiar;
bananas provide shade to the coffee (Ssebunya et al., 2019). Similar to
this is this cocoa-plantain system in Nigeria and Ghana, where the young
cocoa plants benefit from the shade provided by the growing plantain
(Dzomeku et al,, 2008; Agbongiarhuoyi et al., 2016). In another instance,
the system involves coffee and a few tree species like Markhamia, Ficus
that provide timber, firewood, and fodder. There is no doubt that the root
systems of the trees and the resulting litters provide mulch that support
a wealth of soil microbes that contribute to a balanced edaphic system
(Kalanzi, 2011). Predatory ants are often a constituent of mulched
banana gardens and have been proven to constrain the population
growth of banana weevils, [Cosmopolites sordidus (Germar)] in the
plantation (Abera-Kalibata et al., 2006; Okolle et al., 2020). Furthermore,
maize is often intercropped with beans or other legumes Intercropping
entails the growing of crop varietal mixtures helps to reduce pest and
disease incidence (Mulumba et al., 2012) while promoting a component
of food security (availability). Soil and soil-water conservation practices
like “soil basins’, ridging, use of animal manures is widely used in many
regions of Africa. The high vegetation diversity associated with
agronomic practices based on agroecology sustains a wealth of
biodiversity much of which is beneficial (pollinators, natural enemies,
“soil engineers”) and enables plant vigor.

While ecological farming may lessen many of the disservices
associated with conventional farming, it should also be recognized that it
is often associated with drudgery and may not be the ultimate solution to
Africas food crises. The current rates of population growth and
urbanization may not allow for some techniques and much of the youthful
population may opt for alternative forms of income, rather than farming.
Declining soil fertility levels and erratic rainfall cannot be ignored; but call
for the adoption of technological advancements that can cause significant
increases in yield. What is perhaps needed is a well-thought-out mix of the
best practices offered by both conventional and ecological farming. For
instance, rather small-scale technologies like ‘walking tractors’ may
be preferred over use of oxen; solar-powered water pumps for drip
irrigation may be alternatives to rain-fed farming and large-scale irrigation
schemes; motor-driven threshers and communal silos may be preferable
over manual threshing and traditional homestead granaries. Such
technological advancements may have a lower ecological footprint while
reducing the labor burden and drudgery of traditional farming systems.

Conclusion and future applications of
agroecology in Africa

Agroecology has been described as the cornerstone of sustainable
agriculture. Beside its core ecological values in enhancing resource
conservation and biodiversity leading to increased production
efficiency, other essential features include the creation of an enabling
environment for agroecological practices, which is achieved through
responsible governance, circular and solidarity economy as shown in
Figure 1. Hence, agroecology transcends the science and practice of
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agriculture to include social movement built on the tenets of ecology,
food sovereignty, sustainability, justice, gender equity, farmer networks,
resilience, resistance and access to land. It is a system that has been
stimulated in response to the food and financial crises of 2008, as
opposed to the detrimental effects of capital-intensive methods
adopted during the so-called “Green Revolution” Hence, the
innovations inherent in agroecological techniques are now gaining
prominence due to its participatory approaches, community
engagement and local knowledge as a guide. However, unlike the
economic and institutional interests and support for agro-industrial
based research and development in most African nations, less attention
has been paid to research and development for agroecological and
sustainable agriculture, which constitute a major arm of agroecology.
This needs to be undertaken to overcome the barrier to the acceptance
and spread of agroecological practices. Thus, an enabling environment
that favors the implementation of agroecological-based farming
techniques needs to be created by undertaking significant reforms in
the policies, institutions, and the research and development agendas.

The alliances of various actors and organizations involved in the
agroecological revolution is essential in enabling adequate
coordination of the program. Apart from upscaling the knowledge
and application of agroecological innovations, farmers will as well
have increased access to government services, seeds, lands, and
markets for their produce. Furthermore, the agroecological-based
farming technique can be encouraged in African countries through
the direct participation of farmers and scientists in the development
of the research agenda to promote active engagement in the
dissemination of innovative technologies using ‘Campesino a
Campesino model’ where researchers and extension experts could
play a pivotal facilitation role. This will enhance the development of
sustainable agroecological alternatives that meet the needs of small-
scale farmers and the low-income non-farming population, hence
restoring the local food systems.
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TABLE 1 The agroecological practices in some African countries.

Country Crop Agroecological model Implications of the intervention = References
Tanzania, Malawi, Zambia, Mozambique, Maize cultivation in fast-growing nitrogen-fixing increases total maize output of 8 t/ha as opposed
Maize Altieri et al. (2012)
and Cameroon shrubs (e.g., Tephrosia and Caliandra) to 5t/ha achieved under monoculture
Niger, Malawi, and the southern Increases yield while trees serve as shield crops
highlands of Faidherbia Faidherbia cultivated with tree crops from sweltering breezes and prevent wind and Reij and Smaling (2008)
Tanzania water erosion
Maize and legume intercropping, followed by rice
Maize, legume, and rice Sustain the soil fertility Rodenburg et al. (2020)
cultivation
Madagascar Groundnut, Bambara bean, rice etc. with Stylosanthes
Groundnut, Bambara bean, rice e.t.c guianensis cv. CIAT 184 in rotation with rice on the Increases crop growth and soil fertility Michellon et al. (2011), Altieri et al. (2012)
poor soils
Conservation agricultural practices, organic Significantly higher yields were obtained under
Maize, sorghum and millet Mkonda and He (2023)
fertilization organic fertilization than under no-fertilizations
Tanzania Results in greater yields, drought tolerance and
Conservation agriculture, intercropping of maize with
Maize, pigeon pea produces three harvests instead of two harvests Owenya et al. (2011)
cover crops such as pigeon pea and D. lablab.
per season
Generate organic matter and fix soil nitrogen.
Cultivation of maize with velvet bean (Mucuna
Uganda Maize iens) Increased maize yields. Reduced costs on labor Kaizzi et al. (2004)
ruriens),
P and pesticides were completely removed
crop diversification, intercropping of maize with food | Enhancing soil fertility and crop yield,
Maize, potatoes, sugarcane Hitayezu et al. (2016)
crops, i.e., sugarcane, potatoes, and vegetables. mitigating income and production risks
South Africa
Increased growth and yield, mitigation of Bundy (1988), Adeleke and Babalola (2021),
Maize, sunflower Application of rhizobacteria as soil treatment
drought stress Agbodjato et al. (2021), Ojuederie et al. (2019)
Maize Mulching, ridges, Increase yield, resistance to drought Uwizeyimana et al. (2018)
Common bean Narrow row planting Increase crop growth and yield Dusabumuremyi et al. (2014)
Rwanda Control of Xanthomonas wilt of banana showed
Disease control through ‘complete diseased mat that ‘single diseased stem removal’ was an
Banana Blomme et al. (2021)
uprooting’ and ‘single diseased stem removal’ effective, less labor intensive and less costly
method
Akanmu et al. (2020, 2021), Dlamini et al.
Use of endemic atoxigenic strains, biochar, compost, Increase in plant growth and yield, management
Nigeria Maize (2022), Donner et al. (2009), Olawuyi et al.
plant extracts of fungal diseases of maize (2014)
14
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TABLE 1 (Continued)

Country Crop Agroecological model Implications of the intervention = References
Conservation agriculture: direct seeding, rip-line Reduced soil erosion and bulk density, and
seeding, and seeding into planting basins on maize increased soil water content. Greater
Zimbabwe Maize Mafongoya et al. (2016)
grain yield, soil health and profitability across macrofauna abundance and diversity than
agroecological regions in Zimbabwe conventional agriculture
Increased productivity and efficient soil
management. Results in the enhanced
Sustainable agricultural practices involve agroforestry,
Zambia Maize relationship between land tenure and the use of Nkomoki et al. (2018)
intercropping, and overcrops.
mulching, tree planting, manure and mineral
fertilizers
Agroecological practices such as organic fertilizers,
crop rotation, organic pest and weed control, Organic certification increases agroecological Kleemann and Abdulai (2013), Quaye et al.
Ghana Apple, cocoa
mulching, cover crops, trees, soil and water practice use. Improvement of soil nutrient (2021)
conservation
High-value intercrops such as pumpkins
Lesotho Maize Crop diversification and livestock integration recorded higher farm economic margin than Seko and Jongrungrot (2022)
their monocropping counterparts.
Indigenous agroecosystems through processes of Boosted soil fertility and agricultural
Senegal Peanuts Faye and Braun (2022)
biodiversification productivity
Crop association, mechanical destruction of diseased Sustainable production and management of
Benin Bananas and Plantain plants, banana plantation in shallows, trap plants, crop | plant diseases caused by Fusarium sp., Dassou et al. (2021)
rotation, compost use and poultry manure use. nematodes and banana bunchy top virus
(a) Use of organic matter with or without micro-dose
mineral fertilization (b) the localized application of
Burkina Faso Cereal - legume Enhances soil microbiological activities Somda et al. (2022)
organic manure in planting pits dug into hard pan
land (zai), with and without cereal-legume rotation
Crop residue management, cereal-legume cropping
rotations and intercropping, biological pest control improved yields due to some better management
Mali Cereal and legumes Paracchini et al. (2020)
through predator rearing, agroforestry, and the use of | of agricultural resources.
trees as fences
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