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ABSTRACT Diverse technologies exist in Africa that could ensure
adequate food security (when all people at all times have access to
sufficient, safe, nutritious food tomaintain a healthy and active life) in
the continent. These technologies range from mechanical technology
to biological and biochemical technology, biotechnology and
nanotechnology as well as indigenous technology options. The article
examines the potentials and opportunities offered by these
technologies in addressing the persisting food security challenges in
the continent.
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Introduction

Africa’s underdeveloped agricultural sector remains a major challenge to food security.
The sector is characterized by over-reliance on primary agriculture, low fertility soils,
minimal use of external farm inputs, environmental degradation, significant food crop
loss both pre- and post-harvest, minimal value addition and product differentiation, and
inadequate food storage and preservation that result in significant commodity price
fluctuation. These challenges mainly bother on poorly developed and non-adoption of
good mixes of technology ranging from high-technology, medium-technology, low-
technology and indigenous technology systems by small-scale farmers who form the bulk
of the farming population in Africa.

A brief analysis of some of the technological challenges to food security in Africa
provides the impetus for urgent action by concerned stakeholders in the continent. For
example, cereal production in most African countries like other crops is carried out
without adequate irrigation. Only 7 percent of African agricultural practices are using
reliable water supply. In Nigeria alone, only 0.8 percent of arable land is under irrigation
compared to the 28 percent in Thailand (Uguru, 2012). The use of improved crop
varieties and agro-chemicals such as fertilizer is not yet adequate in Africa. The average
application of fertilizers in SSA is less than 10 kg/ha, while the average application in
Latin America and South Asia is nearly 140 kg/ha (Baker, 2012). As a consequence,
even high-yielding crop varieties lead only to limited productivity. The adoption of
modern technologies such as biotechnology is not common either. With the exception of
South Africa most countries in SSA are yet to embrace the biotechnology while a few
others such as Nigeria, Ghana, Burkina Faso, Tunisia, Kenya, Uganda, are at the



different stages of confined field trials (CFT) to
commercialization of different crops such as cot-
ton, maize, cowpea and cassava among others.
With 10 tractors per 100 hectares in most African
countries compared to 241 tractors per 100 hec-
tares in Indonesia and with one extension agent to
25,000 farmers in most African countries com-
pared to 1: 400 in Europe (Uguru, 2012), Africa
still has a long way to go in securing adequate food
for its teeming population. This will not only affect
food security but will hamper the spread and
adoption of various technologies with the potential
to reduce hunger and starvation in the continent.

Studies further show that post-harvest losses of
cereals in developing countries including countries
in Africa are between 10 and 20 percent, with
even higher losses (up to 100 percent) for fruit and
vegetables (UNCTAD, 2010). These sizeable losses
could offset any significant investment made in
raising productivity. Crop losses could be reduced
and the world food supply increased by between
10 and 30 percent through the application of
readily available technologies and input manage-
ment using minimal additional resources. Devel-
oping post-harvest technologies and innovation
therefore provides considerable opportunities for
food security, trade and economic growth. Tech-
nologies among other factors have also been linked
to developments (Harcourt, 2012).

The article therefore examines the potentials
and opportunities offered by different types of
technologies and its mixes in ensuring that Africa
meets its food security needs. It utilized relevant
and current case examples in discussing these
potentials and opportunities.

The role of technology in ensuring
adequate food security in Africa

Technology is the application of scientific knowl-
edge for the creation of a novel object, pro-
cess or technique (Ozor, 2012). Technology
advancement in this era and subsequent adop-
tion of innovative tools has the potential to
pave way for better crop productivity and higher
quality food at lower cost (Adenle et al., 2012).
Various technologies have been adopted to
increase yield and to reduce poverty and enhance

environmental conservation. The article distin-
guishes between four broad types of agricultural
technologies suitable for achieving food security in
Africa namely: mechanical technology, biological
and biochemical technology, biotechnology and
nanotechnology, and indigenous technology.

Mechanical technology

This encompasses various degrees of mecha-
nization of agricultural operations and ranging
from simple traditional hand tools to animal and
engine-powered equipment, post-harvest tech-
nologies and irrigation systems. Mechanization
strives to reduce drudgery in agriculture and
increase production as a result of increased pro-
ductivity per unit area.

Tractorization and draught animal power
(DAP)

Reports show that mechanization reduced drud-
gery in Mali as the number of tractors and power
tillers increased significantly and this led to
increased food production because many youths
went into agriculture and this was seen mostly
in cereal production (Fonteh, 2010). Similarly,
mechanization was reported to raise productivity
in Ghana from a low US$308/capita in 1997 to a
high productivity of US$379 in 2004. Mechaniza-
tion under DAP programme in Africa generally
increased the area under cultivation and the yield
as well. In Mali, use of DAP increased the area
under cotton cultivation nearly four-folds, raised
yields six times over and animal traction adoption
rates jumped to 80 percent between 1968 and
1986 (Sims et al., 2007). Nigerian farmers using
DAP derived supplementary income by renting
them out to other farmers (Haque et al., 2000).
Similarly, in Kenya the use of DAP brought about
higher yields and greater economic efficiency,
including less weeding (Ghutiga et al., 2007). The
use of DAP for inter-row weeding in the United
Republic of Tanzania reduced the time spent on
weeding from 48 h/ha to 30 h/ha (Sosevile, 2000).
It is however important to assess the advantages of
moving up the technology ladder in terms of
productivity gains and timeliness of cultivation,
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employment for the landless poor and increased
cropping intensity.

Irrigation technology

Investments in irrigation and better management
of existing systems have increased crop yields,
created jobs and raised rural economic growth in
Africa. Irrigated lands now account for about 20
percent of the world’s farmed area and 40 percent of
global food production. Increases in irrigated areas,
cropping intensity and crop yields have helped
stabilize food production per capita (UNCTAD,
2010). Over the past 30 years, there are develop-
ments on innovative irrigation techniques. Many of
the new techniques have been designed for rela-
tively large and fairly sophisticated systems, and
tend to be adopted by well-resourced farmers. These
techniques include automated canal and piped
water delivery systems, laser land levelling for sur-
face irrigation applications, automated sprinkle irri-
gation, micro-irrigation (including surface and sub-
surface drip systems), and sophisticated control
systems for managing these technologies. The
majority of resource-poor smallholders are not able
to afford these types of irrigation technology.

Irrigation systems must match smallholders’
unique characteristics, including small land hold-
ings, low capital availability, low risk tolerance and
a relatively low opportunity cost of family labour
(Keller and Seckler, 2004). This is to avoid excluding
farmers from the benefits of such technologies due to
high costs. Examples of improved irrigation technol-
ogies suitable for smallholders include: the low-cost
drip irrigation for efficient water application; treadle
pumps for water lifting; and bagging water for
irrigation. Bagging water in plastic water tanks
brings the benefits of supplemental irrigation to
smallholders who have no other access to irrigation
water. Each tank stores 10 cubic metres of water
that is completely enclosed to eliminate evaporation
losses and costs roughly $40 each with a life
expectancy of about five years (UNCTAD, 2010).

Post-harvest technology

The main post-harvest technologies can be clas-
sified into primary and secondary processing

technologies. The primary processing of agricul-
tural produce involves cleaning, grading, packa-
ging, drying, pre-cooling, storage, etc. It is often
poorly developed in rural areas compared to sec-
ondary processing industries such as flour mills,
sugar mills and oil mills. Mechanization has
ensured improvements in food processing and
storage at both family and industrial levels. Proces-
sing crops is necessary to increase their shelf life
and could contribute considerably to transforming
local economies. Development of grain silos and
other storage systems has enabled the long-term
storage of particularly bulk grain produce. For
instance, silos (5–2,500MT capacities) and ware-
houses (200–5,000MT capacities) have been built
by government agencies (e.g. the National Strate-
gic Grain Reserve Unit in Nigeria) for the storage of
grain products at strategic locations all over
Nigeria as intervention efforts and for research
purposes to prevent food shortages while private
agencies use them for the storage of bumper
harvests (Asoegwu and Asoegwu, 2007).

Technologies for processing roots and tubers
could expand crops’ roles as sources of both food
and income. Overcoming the perishability of crops,
enhancing their nutritional value and adding
additional economic value locally through agricul-
tural processing is therefore one important way to
increasing food security in Africa.

Biological and biochemical technology

This comprises of a package of high-yielding vari-
eties of seeds, chemical fertilizers and pesticides
used to enhance the food security systems.

Biological technology

Improved varieties and high yielding quality seeds
and animal breeds are basic requirements for
productive agriculture, which is the basis for food
security. Genetics and breeding have the ability to
significantly contribute to solving several possible
future problems such as food insecurity and hun-
ger, high inputs, as well as increasing nutritional
values and other traits useful for mankind (Afari-
Sefa et al., 2012). Breeding has led to the develop-
ment of high quality plant and animal products
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that are resistant to diseases, pests and other
abiotic factors in Africa. Such products have high
yielding capability, prolonged flowering for leafy-
type vegetables, long seasonality of picking,
improved taste, better appearance, longer shelf life,
improved nutritional value, uniformity and envir-
onmental stress resistance. Typical examples of
products from crop breeding in Africa are New
Rice for Africa (NERICA), Africa Biofortified Sor-
ghum (ABS) and Water Efficient Maize for Africa
(WEMA). Research by Consultative Group on
International Agricultural Research scientists, in
collaboration with national agricultural research
systems in Africa, has helped control two major
diseases of cassava – bacterial blight and leaf
mosaic – through genetic breeding, the incorpora-
tion of resistance genes into high-yielding cassava
varieties, and an Africa-wide programme of bio-
logical control of the cassava mealybug. The late
maturing six-tons-per-hectare-varieties have been
replaced by varieties that yield 20–30 tons/ha. On
the other hand, animal products from genetics and
breeding usually have high fecundity and pro-
lificacy amidst other preferred traits such as disease
resistance.

Biochemical technology

Fertilizers, both organic and inorganic, do supply
essential elements to plants for its growth and
development. Such elements include nutrients
such as nitrogen, phosphorus, potassium and
sulphur, as well as trace elements such as iron,
zinc and magnesium. The use of inorganic fertili-
zers was spurred by government subsidies in most
developing countries but dropped sharply with the
elimination of these subsidies. Small-holder farm-
ers in sub-Saharan Africa use only a tenth of the
global average inorganic fertilizer use. The annual
total input of fertilizers in Africa is only 21 kg
(nutrients) per ha of harvested land, compared to
100 kg/ha for South Asia, 135 kg/ha for East and
Southeast Asia, 73 kg/ha for Latin America and
206 kg/ha for the industrial countries (UNCTAD,
2010).

Harnessing the potentials of soil microorganisms
can help plants to absorb nutrients. The utility of
these microorganisms can be enhanced by

selecting the most efficient, culturing them and
adding them to soils directly or through seeds. The
cultured microorganisms packed in carrier mate-
rial (such as peat or lignite powder) for easy
application in the field are called bio-fertilizers.
Biofertilizers could help reinforce these natural
nutrient sources. For example, Azolla prinnata (a
water fern) has a symbiotic association with the
blue-green algae (BGA) Anabaena, and can fix
atmospheric nitrogen. Ploughed into the soil
between rice harvests, it can increase the crop
yield by over 50 percent and its effect, which lasts
for two years, is equivalent to the use of 60 kg of
nitrogen fertilizer per hectare. BGA can fix up to
77 kg of nitrogen per hectare in a cropping season
under non-symbiotic conditions.

Biotechnology and nanotechnology

Biotechnology consists of commercially acceptable
techniques that use living organisms or parts
thereof to make or modify a product; while nano-
technology is the study, design, creation, synth-
esis, manipulation and application of functional
materials, devices and systems through control of
matter at the nanometer scales.

Biotechnology

Biotechnologies used in agriculture are developed
through two different innovative systems: the
informal system at farm or village level responsible
for most traditional products and processes, and
the formal institutional system linking farmers
with research and technology transfer services in
the development and dissemination of modern
technologies (Ozor and Igbokwe, 2007). Biotech-
nology has been used to develop several crop
varieties and germplasm with improved yield,
quality, disease and pest resistance, and better
storage quality. Some traditional agricultural bio-
technology practices include: pest control through
intensive mixed cropping system to maintain bio-
diversity; protection of the natural resource base
and maintenance of soil fertility through shifting
cultivation practices, bush fallowing and compost-
ing; natural fermentation processes used widely to
prepare foods and beverages example, beer, wine
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etc. On the other hand, some modern agricultural
biotechnology practices include: enzyme technol-
ogy in food processing, bio-fertilizers in plant
nutrition and health, drug and vaccine develop-
ment, tissue culture, genetic markers, mutation
induction, somatic hybridization and cybridization,
and genetic modification.

Genetically modified (GM) crops are often held
up as the solution to yield deficits as well as offering
other benefits such as improved appearance, taste
and nutritional quality, drought tolerance, and
insect and disease resistance. The most common
trait being introduced into GM crops is herbicide
tolerance, which is now found in about 80 percent
of all GM crops planted worldwide.

The current status of GM crops in West Africa
show that cotton (Bollgard II) is the biggest export
crop in Burkina Faso with production of up to
180,000 tons (2006/2007–2010/2011) from
about 250,000 ha with a 50–70 percent reduc-
tion in insect damage. In Nigeria, the GM crops
under study at the field trial level are cassava,
cowpea and sorghum. Biofortified Cassava (BC+)
(GM cassava enriched in carotene and iron) has
been selected for high resistance to African Cas-
sava Mosaic Virus. The legal statuses of GM crop in
West Africa show that Burkina Faso, Ghana, Sene-
gal and Togo are the only countries in the sub-
region that have biosafety legislation in place that
can allow the handling of GM crops up to commer-
cial release (Alhassan, 2012). Burkina Faso has
been handling a GM crop (Bt cotton) at the com-
mercial level since 2008 while Nigeria has a cabinet
approval for the handling of GM crops up to the CFT
level. In Ghana, the state of legislation determines
biotech products that can be handled and only GM
requires special legislation. The enabling laws avail-
able are the LI 1887 of 2007, which allowed
handling GM crops up to CFT level, and Act 831 of
2011, which is a comprehensive biosafety law
covering the handling of GM products up to and
including commercial release.

In East Africa countries such as Uganda, efforts
are being made through the national agricultural
research organizations to support the regenera-
tion of genetic materials and other progress on
technology testing such as bacteria wilt testing
and production of vitamin A enhanced bananas.

Other crops receiving attention at the research
organization on genetic modification are: cassava,
maize, cotton, rice, sweet potato and groundnut
(Kiggundu et al., 2012).

There is therefore need to accelerate biosafety
legislation across the continent prior to trialling and
use of GM products. Such legislation should, how-
ever, not be restrictive but allow for full exploration
of the potentials of the technology in addressing the
food security challenge in Africa. Again, there is
need for an enabling environment for agriculture
including input supplies, infrastructure support
services, market, and favourable policies and pro-
grammes, etc. Finally, there is urgent need for
scientific human resource development in the cri-
tical areas such as plant breeding, animal breeding,
crop protection, veterinary medicine, fermentation,
molecular biology and biosafety.

Nanotechnology

Nanotechnology has made available such products
as agrochemicals, genetically engineered preserva-
tives, sensors, telecommunications, global position-
ing, automation, computing and modelling, which
are essential for agricultural production. It has been
proven to be very useful in information technology,
energy, medicine and agriculture. This science of
working with smallest possible biological particles
raises hopes for future agriculture in Africa by
breaking the barriers that cannot be addressed by
conventional breeding technology. Nanotechnology
could play an important role in meeting the Millen-
nium Development Goal (MDG) goal number one
that is aimed at eradicating extreme hunger and
poverty (Kiplagat, 2012) as shown in Table 1.

Nevertheless, the future of nanotechnology is
uncertain due to many reasons such as: lack of
public awareness, negative reaction of the public
towards nanoparticles, lack of requisite skills and
facilities in public agricultural research organiza-
tions, and the somewhat hesitant regulatory struc-
tures to deal with the new technologies.

Indigenous technology

Indigenous technology comprises of unique knowl-
edge that is peculiar to a given culture or society,
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which has sustained them over so many years
and passed on from one generation to another.
Indigenous technologies are products of tradi-
tional and local knowledge systems developed by
and within distinctive indigenous communities
and different from the international knowledge
system generated through universities, govern-
ment research centres and private industries some-
times called the western knowledge system.

Indigenous knowledge has contributed greatly
to the survival of local populations while ensuring
food security in Africa. Almost in every culture in
Africa, there exist indigenous technologies, techni-
ques and practices in agriculture, which have
sustained the people for so many years. Most often,
such practices are modified with time in order to
address the ever-changing challenges and oppor-
tunities of human society. It is therefore pertinent
for any modern science or technology to take
cognizance of the indigenous knowledge system
and build upon it in the development of new
agricultural technologies. Besides, the indigenous
people are the custodians of the genetic resources
upon which modern science depends for their
research and development. This should be appre-
ciated and credited especially considering the non-
classical nature in intellectual property rights that

such knowledge system possess, hence the case for
sui generis.

For example, farmers in the semi-arid part of
Burkina Faso use pit, otherwise called ‘Zai’ for
growing trees to increase and diversify plant
biomass. Through this method farmers have reha-
bilitated degraded land and increased the diversity
of trees. The practice enhances the natural regen-
eration of important plant species such as acacia
(Syn. faidherbia) and baobab; and the integration
of livestock keeping and cropping systems, which is
the basis for sustainable agricultural intensifica-
tion. Furthermore, it minimizes risks due to varia-
tions in rainfall and ensures substantial crop yields
in marginal lands.

Agricultural diversification is another area
where indigenous knowledge has proven effective
in ensuring food security in Africa. In response to
many issues, mainly climate change, many farm-
ers in Africa now plant different kinds of crops and
rear different species of animals as a way of
hedging risks and uncertainties that may arise
from the vagaries of weather. Reports show that
some farmers in Tunisia now plant more than ten
species of fruits in their fields – a radical change
from the traditional olives, figs and palms (Reij and
Waters-Bayer, 2002). They further observed that

Table 1. Nanotechnology applications that addresses MDG One

S/n Applications of nanotechnology Examples of nanotechnologies in agriculture

1. Agricultural productivity
enhancement

● Nanocapsules for herbicide delivery
● Nanosensors for soil quality

2. Water treatment and
remediation

● Nanomembranes for water purification
● Non-porous zeolites & atta clays for water purification

3. Food processing and storage ● Nanocomposites for use in food packaging
● Antimicrobial nanoemulsions for food equipment

4. Vector and pest detection
and control

● Nanosensors for pest detection
● Nanoparticles for pesticides & insecticides
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some farmers are very skilled in grafting fruit trees,
even grafting different species on one tree. For
instance, combination of apples and pears and of
peaches and plums can be found. These technolo-
gies have raised farmers’ income level in addition
to ensuring improved availability of food.

Much as the indigenous technologies and
knowledge systems have passed the test of time, it
is yet not adequate to secure food security condition
for Africa that is faced with population explosion,
environmental challenges especially climate change,
and poverty. A combination of both indigenous
and modern technologies (low, medium and high)
becomes germane in ensuring sustainable food
security in Africa because each has its own peculia-
rities and advantages. African farmers and develop-
ment practitioners should therefore harness the
opportunities provided by each of them depending
on specific contexts and priorities of each country to
ensure food security in the continent.

Conclusion

The article discussed some technologies that could
be applied in African agriculture based on need and
priorities in order to ensure a food secure continent.
Four major technologies were discussed, namely
mechanical technology including tractorization,

draft animal power, irrigation and post-harvest
technology; biological and biochemical technology;
biotechnology and nanotechnology; and indigenous
technology and knowledge systems.

A combination and good mixes of all the four
types of technologies is needed to ensure adequate
food security in Africa. However, in order for the
continent to benefit from these technologies, a
number of actions will be required. First and fore-
most is the need to invest in educational and
extension programmes in order to enhance the
absorptive capacities of farmers. Second, there is a
need for strong and effective legislation to protect
against the potential adverse entailments of some
technologies. Third, there is a need for predictable
and stable incentives necessary for the uptake of
technologies by the farmers. Fourth, there is a need
to systematize and make available the best lessons
from the persistence with indigenous technologies.

However, technology is not everything. While
biophysical potential often exists to significantly
increase yields, institutions, governance systems,
political will and poor rural infrastructure remain
obstacles to achieving full technological poten-
tial required for food security in Africa. These
challenges are particularly striking in African
countries, which could most benefit from new
technologies and practices.
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