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Chapter

Crops Diversification and the Role
of Orphan Legumes to Improve
the Sub-Saharan Africa Farming
Systems

Patricia Vidigal, Maria Manuel Romeivas and Filipa Monteiro

Abstract

Agriculture is the main economic revenue in sub-Saharan African countries,
playing a key role on smallholder livelihoods as household incomes and as
food. Food insecurity is known to increase with the inevitable climate changes,
which already affect the major farming systems, sub-Saharan Africa (SSA)
being particularly susceptible, mostly due to the high dependence of rainfall
for crop cycles. As such, to promote food security in a long run, new farming
systems have to become more sustainable and productive at the same time. In
this chapter, a global overview of major farming systems in sub-Saharan Africa is
provided, and current and future production scenarios are discussed. Moreover,
some of the major pillars under the sustainable land use intensification are
highlighted, and the potential of the undervalued African legumes toward a
sustainable crop production is debated. Finally, an outline of key opportunities
to diversify cropping systems is explored along with the benefits associated to
integration of local and “orphan legumes” that are considered. It is argued that
the use of these “orphan legumes” and the implementation of appropriated
management approaches will promote a sustainable production of more food
from the same land area, relying on mutually beneficial ecological relationships
and reducing environmental impacts.

Keywords: orphan legumes, sustainable production, farming systems, sub-Saharan
Africa

1. Introduction

In the past 50 years, global crop production has expanded, driven largely by
higher yields per unit of land and crop intensification, resulting from multiple
cropping and/or shortening of fallow periods [1]. The expansion of arable land
area allocated to crops has played a less important part in production increases.
However, these trends are not uniform across regions. For instance, most of the
growth in wheat and rice production in developing countries in the land-scarce
regions of Asia and Northern Africa has resulted in yield gains, while expan-
sion of harvested land is a result of rapid production growth of maize in Latin
America and the Caribbean and in sub-Saharan Africa (SSA) [2]. Yield growth
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contributed only one-third of the increase in crop production in the latter region.
The arable land area in developed countries peaked in the mid-1980s and has
fallen at an accelerating rate ever since. SSA is scientifically known as a rich niche
of plant diversity which, in conjunction with local and traditional knowledge,
makes the perfect combination to promote a sustainable solution for professional
and smallholder farmers while respecting their livelihood needs, traditions, and
market demand.

Economic foundations of most SSA are dominated by agriculture, which is rec-
ognized to contribute between 15 and 40% of the gross domestic product (GDP).
Besides, agriculture sector provides livelihoods for over 70% of SSA’s population
through family farming [3, 4]. The economically active population in agriculture
doubled from 100 million people in 1980 to 212 million in 2013. Considering that
75% of the SSA population is involved directly or indirectly in farming and related
employment, the strategic role of family farms, mainly by women, has been
recognized by key actors [5]. Over the last 40 years, the SSA population has been
increasing from 279 to 826 million people, both in rural and urban populations. It
is expected that due to the climate changes, there will be an increase in rural-urban
migration as a consequence of agriculture abandonment and toward the search for
better opportunities for both livelihoods and work, which will also cause an expan-
sion and reclassification of urban boundaries [6]. As a result, by 2050 about 50%
of SSA’s population will be living in towns and cities [7]. In fact, a migration from
rural-to-urban areas has been increasing at a fast pace (Figure1).

To answer the increasing growth in consumers, production growths have
stemmed mostly from area expansion at the expense of biodiversity, cultural value,
and the rise in greenhouse gas emission (GGE). To respond to both market needs
and the feeding of continuously growing population, crop production has been
marked by extensive growth of staple crops, namely, in SSA. Over the last 20 years,
crop staple production has risen at the cost of more land for agriculture. By 2014,
most of African arable land was occupied by staple crops with more than 80
million hectares (ha), and the major contributors are maize, sorghum, and millet,
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Figure 1.
Annual growth of population in rural and urban vegions in sub-Saharan Africa within the period of 1950s and
to future projections until the 2050s [7].
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accounting for 80% of total food production. From the 1960s to the 1970s, there was
an increase of 1 million ha dedicated to maize that increases by the 1980s with more
3 million ha, and from them on, there has been an increase of 4 million ha for every
decade [7]. When restricting to the top six agriculture commodities in SSA region
on FAOSTAT data [7] (Figure 2), major crops were analyzed in terms of produc-
tion (A), area harvested (B), and yield (C), and key staple crops were highlighted,
namely, rice, cassava, sorghum, and grain legumes/pulses, along with maize.

Maize is the crop that occupies the largest portion of agriculture land use, with
an increasing area harvested devoted to its production that does not translate to an
increment on crop production and thus yield. However, its production has been
in an increasingly trend due to maize being Africa’s most important food crop,
and it is held up as a model food crop to meet Africa’s growing urban demand for
convenient food products [8-10]. Maize production, however, is risky because
of unpredictable rainfall. On the other hand, cassava is known as Africa’s second
most important food staple in terms of per capita calories consumed, as a major
source of calories. Accordingly, cassava production is among the higher number
in SSA, occupying less agriculture land but with increasing steady production,
translated in high yields. For instance, investment from the Bill & Melinda Gates
Foundation in projects such as accelerated varietal improvement and seed deliv-
ery of legumes and cereals in Africa (AVISA) has contributed to more efficient
cassava varieties. Yet, cassava has several other advantages over rice, maize, and
other grains as a food staple in areas where there is a degraded resource base,
uncertain rainfall, and weak market infrastructure. It is drought tolerant; this
attribute makes it the most suitable food crop during periods of drought and
famine. Cassava has historically played an important famine prevention role in
Eastern and Southern Africa where maize is the preferred food staple and drought
is a recurrent problem. While rice is produced in vast areas of the world, the
physical requirements for growing it are limited to certain zones. Economically
viable cultivation typically requires high average temperatures during the grow-
ing season, abundant supplies of water applied in a timely manner, smooth land
surfaces to facilitate uniform flooding and drainage, and a subsoil stratum that
inhibits the percolation of water. The bulk of world rice production is destined
for food use and is the primary staple for more than half of the world’s popula-
tion. In recent years, rice has also become an important staple throughout Africa
as part of the changing dietary habits. However, rice production requires high
workforce and has limitations due to low mechanization of major SSA countries,
which makes rice a crop usually bought at higher prices, without increasing its
production.
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Figure 2.
Top six agriculture commodities in the sub-Sahavan Africa vegion, in terms of production (A), area harvested
(B), and yield (C), from the period 1961 to 2011 [7].
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Considering this overall trend of major staple crop production in SSA region, it
is undeniable that agricultural growth will contribute to poverty reduction, within
a sustainable crop production scenario. A great diversity of farming systems across
SSA shapes the current agriculture production in the region. Thus, in this chapter,
we first provide an overview analysis of the major farming systems in SSA along
with agroecological zoning, which delivers clear evidences on the sustainability of
current agriculture production. After, we pinpoint how to ally sustainable intensifi-
cation to integrated land use in SSA farming systems, by recurring to intercropping
systems focusing on pulse crops (grain legumes, which are grown primarily for
their edible seeds) and more particularly on legumes that have been named orphan
legumes. Orphan, or underutilized, legumes are domesticated legumes with useful
properties but with less importance than major world crops due to use and supply
constraints. However, they play a significant role in many developing countries,
providing food security and nutrition to consumers, as well as income to resource-
poor farmers. Being legumes, these plants have the advantage of fixing atmospheric
nitrogen for their own needs and for soil enrichment, thereby reducing the cost of
tertilizer inputs in crop farming [11].

2. Farming systems in sub-Saharan Africa: an overview toward
sustainable intensification

The diversity of agroecological zones (AEZs) across SSA (Figure 3A) results
in the wide range of farming systems. According to the availability of natural
resources (land, water, grazing areas, and forest) and climate, especially length of
growing period and altitude, as well as the pattern of farm activities and house-
hold livelihood, African farming systems can be classified in 15 farming classes
(Figure 3B). AEZs are climate-based and are a useful basis for determining the
general suitability and production potential of crops and livestock in any given area.
Thus, by matching AEZs with SSA farming systems, one can disclose potential or
constraints toward SSA farming system (Figure 3B), by using a correlation analysis
on agroecological zones and farming systems area based on HarvestChoice data
(https://harvestchoice.org/).

From the 15 farming systems in SSA, there are 5 that occupy a higher percent-
age of the SSA region: (1) maize mixed, (2) arid pastoral oases, (3) pastoral, (4)
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Figure 3.
Farming systems and agroecological zones in sub-Saharan Africa. (A) Agroecological zones 5-class [12]; (B)
farming system classes [13].
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Farming systems SSA (%) SSA regions (%) Agroecological zones (%)
EA MA SA WA Arid Humid Semiarid Subhumid Subtropical Tropical highlands
Irrigated 0.9 0.8 01 01 21 17 0.0 22 0.0 0.0 0.1
Agropastoral 15.3 20.2 10.7 16.5 144 6.0 17 479 38 03 18.7
Pastoral 15.5 21.0 33 404 10.9 275 1.9 194 17 36.1 12.8
Arid pastoral oases 171 31 10.8 137 40.1 62.5 0.0 0.0 0.0 32.8 24
Artisanal fishing 2.0 39 13 0.0 19 0.3 36 13 5.2 0.0 0.6
Perennial mixed 16 0.3 0.0 11.3 0.0 0.0 0.0 13 0.5 152 0.5
Humid lowland tree crop 29 13 19 0.0 6.8 0.0 14.2 0.0 41 0.0 0.0
Forest based 6.0 0.0 20.1 0.0 0.2 0.0 416 0.0 0.9 0.0 01
Highland perennial 1.9 56 0.8 0.0 0.0 0.0 11 01 1.2 0.0 11.5
Highland mixed 22 53 11 21 0.2 0.0 0.7 04 11 31 12.2
Root and tuber crop 9.8 0.8 27.0 0.0 54 0.0 30.0 0.0 25.0 0.0 24
Cereal root crop mixed 72 0.6 6.7 0.0 18.0 0.0 0.0 8.8 24.6 0.0 0.6
Maize mixed 17.7 36.9 164 15.8 0.0 2.0 53 18.6 319 12.5 38.0
Table 1.

Percentage of prevalence of each farming system in all SSA, in each SSA vegions, and in different agroecological zones [12, 13].
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agropastoral, and (5) root and tuber crop (Table 1). The most prominent farming
system in SSA is maize mixed, occupying 18% of SSA, especially in East Africa
(37%) with the prevalence of the AEZ subhumid, semiarid, and tropical highlands
(Table1). East Africa tropical highlands and subhumid highlands have a bimodal
rainfall pattern offering farmers two cropping seasons, but in drier areas such as
semiarid AEZ, farmers usually harvest only once a year. This farming systems is one
of the most important food production system in East Africa, with only 6% of the
irrigated area in SSA [14], thus depending mostly on rainfall (Figure 4).
Considering a projection of increased number of drying days over East Africa
[17] and a 0.96% annually increasing temperature (Figure 5A), the sustainability
of this farming system is of great concern, and there is an urgent need of capacity
building in crop management technologies, such as nitrogen efficiency in rainfed
systems. The main staple crop in the maize mixed farming system is maize, with
the main income being migrant allowances, cattle, small ruminants, tobacco,
coffee, and cotton, plus the sale of food crops such as maize and pulses [14]. In
the past, most of the production has been boosted by a subsidized combination
of high doses of inorganic fertilizers and hybrid maize varieties. Once subsidies
were removed, the use of high-cost inputs on maize became unprofitable, and the
majority of smallholders reverted to traditional varieties with low to no market
value, resulting in low household income. Although maize is the main crop, the
intercropping system exists with pulses, oil seeds, cotton, sorghum, and millet.
Intercropping with pulses, such as common bean, cowpeas, and soybeans, is com-
mon where landholdings are small and there is less pressure on the land. Most of
the area occupied today by the maize mixed system was heavily afforested as farm-
ers have pushed arable land into the forests, decreasing biodiversity to increase
area devoted to commercial species. Pressure on the land to respond market needs
led to problems related to declining soil fertility in combination with long dry
seasons resulting in lower crop yields, food insecurity, hunger, and poverty [18].
Nevertheless, maize mixed is one of the farming systems that has a good long-term
agricultural growth prospects with high potential for poverty reduction [14],
which is reflected in East African lowest annual percentage of prevalence of severe
food insecurity (Figure 5A).
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Figure 4.
Food crops irrigated (A) and rainfed (B) value production (Int$, 2005) [15, 16].
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Temperature increase in all vegions of SSA and the annual percentage of prevalence of severe food insecurity
in the total population of each SSA region. Abbreviations: East Africa (EA), Middle Africa (MA), Southern
Africa (SA), West Africa (WA) [7].

The second most relevant farming system is the arid pastoral oasis farming
system covering 62% of the arid AEZ and 40% of the West Africa region (Table1).
This farming system contains some oasis farming and a number of irrigation
schemes, producing date palm (Phoenix dactylifera L.) and other palms, vegetables,
and stable crops such as maize and rice [14].

This farming system is the most dependent on rainfall, and although West
Africa has an annual temperature increase of 1.1% (Figure 5B), there is also a
projection of 30-70% increased precipitation within semiarid and subhumid
AEZs in West Africa [17] which account for 25 and 22% of the area, respectively,
thus presenting a minor prevalence of severe food insecurity (Figure 5A). In the
third place, there are two farming systems that have relevance in SSA, agropas-
toral and pastoral. Agropastoral farming system, generally in the semiarid and
tropical highlands of East and South Africa (Table 1), is characterized by produc-
ing both crops and livestock. Approximately, 22 million ha are used for crops,
mainly rainfed sorghum and pearl milted for family subsistence, whereas sesame
and pulses are for household income. Livestock are also kept for subsistence (milk
and milk products), offspring, transportation (camels, donkeys), land prepara-
tion (oxen, camels), income revenue, exchange, savings, bride wealth, and/or
insurance against crop failure [14]. One of the major concerns and fragilities of
this area is its vulnerability to drought, leading to crop failure and consequently to
weaker animals due to a decrease in crop biomass production [19]. As animals are
insurance to crop failure, severe drought leads to decapitalizations of herds and
therefore lack of animals to exchange for grain. In addition, the search for more
land, to mitigate the decrease in millet and sorghum yields for subsistence, along
the investment in other crops used for trading (e.g., pulses) promotes a decline
in soil fertility and weed infestation, mainly by striga in cereals. Prevalence of
severe food insecurity has increased greatly in South Africa from 2016 to 2017
(Figure 5A), which is of great concern considering the alarming prediction of
drought severity for South Africa [20].

The pastoral farming system, generally in the arid and subtropical AEZs,
occupying 40.4% in South Africa region and 21% in East Africa, is dominated by
livestock, where livelihoods depend mainly from cattle, camels, sheep, goats, some
cereal crops, and off-farm work [21]. Being mostly present in arid regions and in
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South Africa, the main source of vulnerability is the great climatic variability and
consequently high incidence of drought, similarly to the agropastoral farming
systems.

Overall, regardless of the farming system, the major concern of SSA food
security is connected to drought, due to the dependency on the rainfall periods in
most of the farming systems. As such, SSA farming system sustainability has been
largely affected by climate changes, such as increases in temperature (Figure 5A)
and the occurrence of 291 events of extreme drought [22], posing a clear threat to
the maintenance of current and future crop production, affecting smallholder’s
livelihoods and food security in the long run. Increasing food production by
expansion of agricultural land is fragile, as population grows, thus demanding more
land through deforestation. FAO Special Programme for Food Security considers
intensification of existing production patterns and diversification of production
and processing, as the two main strategies to eradicate poverty and hunger. These
two strategies meet the objective of sustainable intensification (SI) concepts, in
combination with site-specific factors and agroecological conditions. SI is defined
as the process of “producing more food from the same area of land while reducing
the environmental impacts” [23]. Pretty et al. [24] stated that from 40 projects over
20 countries involving over 10 million farmers, SI increased farm productivity over
twofold. Moreover, an adequate implementation of SI worldwide could respond to
2050 food demand while supporting land conservation from 1 to 0.2 billion ha and
decreasing gasoline gallon equivalent (GGE) from 3 to 1 Gt per year [25]. Thus, it
is imperative to emphasize and implement efficiently SI practices and agricultural
technologies in SSA to ensure both food security and profitability. To sustainably
increase yields of smallholders in their farming systems, it is essential to adopt
an effective land management and implement strategies that aid farmers to face
climate uncertainties.

2.1 Promoting sustainable crop production: the potential of multipurpose pulse
crops

A sustainable crop production needs an efficient soil fertility management, in
order to prospect future high yield production. Most African soils are poor com-
pared to most other parts of the world, due to the lack of volcanic rejuvenation.
This has caused African soils to undergo various cycles of weathering, erosion, and
leaching, resulting in poor nutrient soils [26]. As the population continues to grow
at a fasting rate leading to an increased demand for food, Africa’s agricultural land
is becoming increasingly degraded (Figure 6A), due to ill management practices
and of external inputs. In East Africa the rate of depletion is so high that even dras-
tic measures, such as doubling the application of fertilizer (Figure 6B) or manure
or halving erosion losses, would not be enough to offset nutrient deficits. In
African soil, there is higher depletion of nitrogen and potassium than phosphorus
due to leaching and soil erosion. These soil problems are the result of continuous
cropping of cereals without rotation with legumes, inappropriate soil conserva-
tion practices, and inadequate amounts of fertilizer use [28]. These problems are
aggravated by short growing seasons together with limited water availability from
rainfall resulting in restricted crop diversification contributing for additional
pressure on the land.

Among all the plant nutrients essential for crop production, nitrogen is the key
nutrient [29]. African farmers to fulfill this large nitrogen requirement for crop
production in an increasing depleted soil are using 16 metric tons of nitrogen each
year (Figure 6B) [7]. Pulse crops and soil microorganisms have potential to convert
nitrogen into plant-usable forms, contributing significant amounts of nitrogen to
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Figure 6.

(A) Average annual nutrient depletion (NPK) in Africa, 1993-1995 [27]; (B) average of total nitrogen (N)
from all fertilizer products; (C) average of total phosphate (P,O;) from all fertilizer products; (D) average of
total potassium (K,0) from all fertilizer products [7].

satisfy crop needs. To respond population food needs, natural sources of nitrogen
are not sufficient to achieve required yields; thus, there is a need to complement
with chemical nitrogen but in an efficient, eco-friendly, and environmental man-
agement manner. Under current scenario, there is an urgent need for improving
nitrogen use efficiency and balance use of natural resources which is essential

for sustainable agricultural production [30]. Pulses, and especially multipurpose
pulses, are part of Africa history due to their multiple benefits in agriculture and
society. Multipurpose pulses serve and are needed for different functions and in
general are best to respond to the diverse needs of farmers, including food, fuel, and
fodder, and ecosystem services such as pollination and improving soil fertility and
organic matter content. By increasing soil organic matter content, an improvement
in soil structure is obtained, promoting an increase in water-holding capacity [31].
Moreover, pulses and legumes in general have the natural ability to biologically

fix atmospheric nitrogen and to enhance the biological turnover of phosphorous
[32]. However, over time, consumers’ preferences have changed with traditional
crops which have been replaced by staple crops (e.g., rice, cassava, and maize) and
which have been subject to intensive research and political support worldwide. The
quantity of arable land used for pulses is much less than the area cultivated with
important cereals (Figure 2B), thus negatively affecting the nutrient balance in
African soils [32]. Multipurpose pulse crops offer smallholder farmers a multifac-
eted way to improve food security, diet, and soil health as well as economic returns
and income stability. SSA smallholder’s farmers have been incentivized to produce
common bean and cowpea (Figure 7), but with climate change and most of SSA
agriculture being rainfall dependent, future is compromised. Although the produc-
tion of cowpea (Figure 7E) and bean (Figure 7F) is far greater than other pulses
(Figure 7G), the area distribution of pulses is more comprehensive within AEZ and
farming systems, especially in the major SSA farming systems as maize mixed and
agropastoral (Figure 3B). Thus, it is important to recover and enhance agriculture
productivity of local crops, known as orphan legumes, known to local farmers and
communities. Moreover, these orphan legumes are a likely source of important
traits for introduction into major crops to aid in combating the stresses associated
with global climate change.



Crop Production

verches (A) East Africa Pubsesmes: (B) Middle Africa (€) South Africa (D) West Africa
w e el S BEE ay
% ™ I

Pigeon peas e
%
Cowpeas, dry
7%
Broad beans,
horse beans, dry &

0%

(E) Cowpea Rainfed Production (mt) (F) Bean Rainfed Production (mt)

it
i
b
#
&
o
bl
! i
b

— S |

=

HarvestChoice, 2015. ‘Bean Rainfed Production (mt,
2005); Inters ute,

Figure7.

Avea havvested of pulses in East Africa (A), Middle Africa (B), South Africa (C), and West Africa (D). Data
retrieved from FAOSTAT (accessed March 2019). Rainfed production of cowpea (E) and beans (F) in metric
tons (mt) for SSA. Rainfed production of other pulses in international dollars (Int$) for SSA [33-35].

Thus, the potential use of multipurpose pulse crops as a sustainable strategy
to overcome the present problems associated with the agricultural intensification
is undeniable to cope soil depletion and decreasing crop yields annually, as well as
inevitable environmental changes that will occur in the next 50 years. The promo-
tion of neglected and underutilized species (NUS) African legumes adapted to
rainfed and drought conditions will contribute not only to the diversity of cropping
systems but also to decrease food insecurity. However, there is the need to address
critical knowledge gaps that will allow the full use and advantages to introduce
successfully pulse crops within agricultural and food systems. Part of this includes
promoting pulse farming and implementing different farm management prac-
tices in order to contribute to the resilience of SSA farming systems. As the world
celebrated the International Year of Pulses in 2016, there is a continuous need to
establish the potential and invest in the innovation of undervalued role that pulses
can play and that have to play in the post-2016 agenda.

3. Climate change and crop production in SSA: the key role of pulse crops

Changes in temperature and rainfall regime may have considerable impacts
on agricultural productivity and on the ecosystem on which many people depend
[36]. Rainfall amounts, distribution, and intensity are already producing floods,
droughts, and changes in large-scale hydrological cycle [37, 38] which will affect the
duration of crop growing seasons. Changes in temperatures affect plant growth and
animal feed intake. Increases in maximum temperatures can lead to yield reduc-
tions and reproductive failure in maize, and animals reduce their feed intake. Maize
being the most produced staple crops in SSA is particularly sensitive to tempera-
tures above 30°C [17]. Also, wheat growing temperature is already above optimal,
and it is expected to increase [39]. Increase in nighttime temperatures can also
lead to decrease in rice yields, especially during the dry season. Another concern-
ing factor is the increasing carbon dioxide concentration in the atmosphere that
is beneficial for C3 plants such as wheat, but not for C4 plants such as maize and
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sorghum, and it may also decrease protein concentration in wheat grain, reducing
nutrient availability for animals. Climate projections indicate losses of 27-32% for
maize, millet, and groundnut [40] and 71% for beans [41] especially soybean that is
the most common legumes produced.

Rainfed farming system in SSA produces 90% of staple food in SSA [42] and
in the face of long periods of drought or dry spells in the growing season causes an
unbalancing of the cycle of by-products in the mix farming system [43]. In order to
find more suitable agriculture conditions, population migration takes place. This
strategy, together with the increase in population, is leading to tropical rainforest
destruction to conquer agriculture land, plus the general land degradation due to
inappropriate land use, which in turn causes desertification, salinization, sodi-
fication, and soil and water erosion, increasing atmospheric carbon dioxide and
creating a spiraling decline in the productivity of the land in terms of both food and
other natural resources [14]. Projections are alarming; showing climate variability
on agricultural production will have substantial effects in mixed smallholder sys-
tems, resulting in reduced food security that potentially increases the risk of hunger
and undernutrition. However, it is the mixed system that presents the best capacity
to tackle the inevitable change in climate. For that, farmers may have to respond
by increasing the system resilience, diversification, and risk management [36]. To
increase system resilience, farmers have to improve soil and nutrient management,
through manure and crop residues, using, for example, legumes for natural nitro-
gen fixation and suitable for livestock feed. Also, they need to improve ecosystem
management and biodiversity, by considering the substantial genetic variability in
domestic crops and livestock that have the ability to withstand extreme tempera-
tures, drought, and other environmental constrains, as well as pests and diseases.
The combination of different crops and livestock breeds with their wild relatives is
fundamental in developing a sustainable resilience [36].

Of the 400,000 plants species in existence today, only actinorhizal plants
and legumes have evolved nitrogen-fixing nodules [44]. The primary role that
legumes play is to fix atmospheric nitrogen through their symbiotic relationship
with Rhizobium spp., contributing with nitrogenous compounds to the soil, either
directly, by nodule excretion, or indirectly, by decomposition of root nodules and
tissues [45]. The ability to fix atmospheric nitrogen makes legumes excellent part-
ners within various farming systems, as they provide nitrogen and therefore reduce
the needs for mineral nitrogen fertilizers by associated non-legumes [46].

The use of inorganic nitrogenous fertilizers has increased exponentially over
the last 50 years, but just 30-50% of crop yields are sustained by inorganic fertil-
izers, although between 1960 and 2000, the efficiency of nitrogen for global cereal
production decreased from 80 to 30%. Moreover, more than 50% of nitrogen
fertilizer applied was lost from cereal crops between 1961 and 2010, and in some
cases more than 80% is lost [46]. As a result there has been a 5% increase year by
year of carbon dioxide equivalent emission [47]. These data show an unsustain-
able trend for African farmers. Increases of atmospheric carbon dioxide benefit
cereal growth, and it decreases protein content in the grain, as opposite to what
has been observed in cereal grains produced followed by legume crops. Therefore,
intercropping or rotation of grain legumes with cereals or other non-leguminous
crops increases nitrogen-use efficiency, reducing greenhouse gas emissions. It is
estimated that grain legumes can offer 20-40% wheat nitrogen needs [48]; thus,
intercropping is important for the development of sustainable systems, particularly
in systems with limited external inputs [49]. About 21 Mt. of nitrogen is fixed
annually by legume-rhizobia symbiosis, returning 5-7 Mt. of nitrogen to soils from
about 190 million ha of grain legumes [48]. Without a doubt, cultivation of grain
legumes is a very promising approach to increase farmers’ income, especially when
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compared to cereal monoculture that was boosted by the “Green Revolution” [50].
Grain legumes are a very important food crop in many parts of Africa, as they are

a source of nitrogen-rich edible seeds, providing high-protein products. Grain
legume yields vary more than staple crops, mostly due to environmental constrains
such as drought that limits symbiotic nitrogen fixation [51, 52], which in turn
diminishes nutrient grain quality [53]. Soybean has clearly dominated yields, with
increases of 2.9% year by year, whereas cowpea yield is stable but occupying 4.3%
more land every year, trying to minimize the loss to diseases as well as insect pests
and drought, low soil fertility, other abiotic stresses, and low availability of seed of
improved varieties [47].

There is fast evidence that intercropping and rotation with grain legumes are
beneficial as legumes improve soil structure, increase organic matter [54, 55], and
provide food and feed to the most widespread farming system in Africa, the mixed-
crop-livestock farming system. Moreover, intercropping or rotation with grain
legumes improves water efficiency by saving water for subsequent crops or by pro-
viding soil coverage, minimizing soil evaporation, erosion, and weeds, which makes
feasible the production of grain legumes in dry, drought-vulnerable, and low-labor
availability areas. Residue from grain legumes provides an excellent source of
high-quality feed to livestock especially during the dry season, when animal feeds
are in short supply. Synergies between crops and livestock offer various opportuni-
ties for raising productivity and increasing efficiency of resources, thus increasing
household incomes and securing availability and access to food [36]. Moreover,
the residues from grain legume cultivation will preserve soil moisture, prevent soil
erosion, and increase yields in the same piece of land, which are all big constraints
of SSA farming systems that are constantly facing anthropic pressure.

Farmers have been neglecting these native grain legumes, as they are incentiv-
ized to produce common bean and soybean. However, with climate change and
most of SSA agriculture being rainfall dependent, future is compromised. Many
grain legume breeding programs are suffering from low genetic diversity and
several bottlenecks that occurred during and after domestication. Thus, it is vital
to consider the considerable large genetic variability in native crops that have the
ability to withstand extreme temperatures, drought, and other environmental
constrains. In agricultural statistics Lablab, jack, or sword bean (Canavalia spp.),
winged bean (Psophocarpus tetragonolobus DC), guar bean (Cyamopsis tetragonoloba
Taub.), velvet bean (Stizolobium spp.), yam bean (Pachyrhizus erosus Urb.), and oth-
ers are recognized worldwide as “minor crops,” pooled in “Pulses, nes” (pulses that
are not identified separately, according to FAO). However, these pulses have been
showing a steady but modest yield increase over the last 50 years, without occupy-
ing more land [7] (Figure1).

3.1 The role of orphan legumes for the crop production sustainability of SSA
farming systems

There is a lack of consensus in the definition and what orphan or neglected and
underutilized species (NUS) should be referred to. These crops have been referred
by different names, such as orphan crops, neglected crops, underutilized crops,
forgotten crops, and minor crops. In this study we will refer this group as NUSs,
under the definition of plants with prospective value as crops but which have been
paid limited attention by agricultural researchers, plant breeders, seed companies,
and policymakers [56]. However, due to the potential that these crops hold as food,
nutritional content, and economic security of the developing and undeveloped
parts of the world, they are appropriately referred to as crops for the future [57].
As such, these crops represent an opportunity for innovation in research, capacity
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building, social empowerment, and food value chains (i.e., production, processing,
consumption, marketing, and product development). Understanding the impor-
tance that these crops hold, the African Orphan Crop Consortium (AOCC) was
established with the full support of the African Union in 2011, assigned to work on
101 selected crops originated or naturalized in Africa (http://africanorphancrops.
org) by investing in training, products, tools, services, practices, and processes

to mainstream them into the African agro-food system [58]. In conjunction with
this initiative, the FAO builds the database named International Network of Food
Data Systems (INFOODS) listing more than 1000 unique NUS (http://www.fao.
org/fileadmin/templates/food_composition/documents/Copy_of INFOODS-List-
of-underutilized-species-2_0_Jan15.xls). The AOCC partnership works to make
high-nutritional-value crops grown by African farmers available to rural and

urban consumers by promoting the adoption of modern breeding methods for crop
improvement purposes. Under these pillars, genomic resources through next-gen-
eration sequencing from the collection of 101 African NUS are being generated (see
http://africanorphancrops.org/meet-the-crops/), which included important annual
and perennial (tree) species, e.g., Moringa oleifera L. known as the tree of life

and the iconic boabab tree (Adansonia digitata L.). Through the high-throughput
genomic resources gathered, the AOCC is also engaged to develop tools to assess
genetic diversity in crops and to support breeding programs. Among such NUSs,
there are several pulse crops (Table 2), and with the high genomic data generated,
it will enable to promote research and breeding studies on the crops that will open a
new venue toward understanding its suitability on several farming systems.

Lablab [Lablab purpureus (L.) Sweet] and velvet [Mucuna pruriens (L.) DC]
beans are among the selected NUSs, which are known to display agronomic, nutri-
tional, and versatile characteristics, and thus can be faced as important examples of
multipurpose legumes that could and should be integrated in the most representa-
tive African farming systems, maize mixed and the agropastoral farming systems.
Studies have reported that crude protein concentration in maize silage increases
when intercropping with Lablab without compromising forage yield or milk pro-
duction [59] and dry matter yield [60]. Lablab, locally called njahe, has a special
significance and is intimately associated with women fertility [61] probably due to
its abundance in palmitic acid [62], a fatty acid that has a structural and functional
role in utero [63]. Being women the cornerstone of African economic development,
contributing with approximately 70% of agricultural labor and produce about 90%
of all food [47], the interest in boosting Lablab and other NUC legumes develop-
ment is key for diversifying agriculture sector [64]. It is estimated that grain legumes
increase wheat productivity by 77% and of maize by 25-33%. An intercrop system
of maize with common bean resulted in maize with higher biomass yield, plant
total nitrogen concentration, and crude protein concentration [65]. Intercropping
maize and soybean was shown to be beneficial, as there was an increase of 19-36%
in crude protein over monoculture corn [66]. Intercrop of maize with cowpea
increased 9% in crude protein compared with monoculture corn [67], adding that
cowpea nitrogen fixation under drought conditions is highly tolerant [68]. Also,
pigeon pea (Cajanus cajan) is another legume mainly grown by poor farmers and is
known as the poor people’s meat because of its high protein content. It is among the
most drought-tolerant and nutritious orphan legume crops and withstands drought
because of its deep roots and osmotic adjustment in the leaves [69].

Finally, the characterization of orphan legumes on the “omics” level is still
starting, and these legumes remain unexplored on the genomic, transcriptomic,
and proteomic level, despite the efforts such as the African Orphan Crops
Initiative (http://africanorphancrops.org), which are starting to fill the genomic
information gap.
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Scientific name Common name Assembled Stages of Ref.
assembly

Artocarpus heterophyllus Jack tree Reference genome [58]
Artocarpus altilis Breadfruit Reference genome [58]
Faidherbia albida Acacia (apple ring) Reference genome [69]
Moringa oleifera Drumstick tree Reference genome [69]
Sclerocarya birrea Marula Reference genome [69]
Digitaria exilis Fonio Reference genome [58]
Eleusine coracana Finger millet Reference genome [58]
Lablab purpureus Lablab bean Reference genome [70]
RNAseq [71]

Solanum aethiopicum African eggplant Reference genome [72]
Vigna subterranea Bambara Reference genome [70]
groundnut RNAseq (71]

In the pipeline or soon: Abelmoschus caillei; Adansonia digitata; Allanblackia flovibunda; Allanblackia stulhmannii;
Allium cepa; Amaranthus cruentus; Amaranthus tricolov; Anacardium occidentale; Annona veticulata; Annona
senegalensis; Balanites aegyptiaca; Basella alba; Boscia senegalensis; Brassica carvinata; Canarium madagascariense;
Carica papaya; Carissa spinarum; Casimiroa edulis; Cassia obtusifolia; Celosia argentea; Chrysophyllum cainito;
Citrullus lanatus; Cleome gynandra; Cocos nucifera; Colocasia esculenta; Corchorus olitorius; Crassocephalum
rubens; Crotalaria juncea; Crotalaria ochroleuca; Cucumis metuliferus; Cucurbita maxima; Cyphomandra betacea;
Dacryodes edulis; Detarvium microcarpum; Detarium senegalense; Dioscorea alata; Dioscorea dumetorum; Dioscorea
rotundata; Diospyros mespiliformis; Dovyalis caffra; Ensete ventricosum; Eragrostis tef; Garcinia livingstonii;
Garcinia mangostana; Gnetum africanum; Hibiscus sabdariffa; Icacina oliviformis; Ipomoea batatas; Irvingia
gabonensis; Landolphia spp.; Lannea microcarpa; Lens culinaris; Macadamia ternifolia; Macrotyloma geocarpum;
Mangifera indica; Momordica charantia; Morus alba; Musa acuminata AAA Group; Musa balbisiana; Opuntia
monacantha; Parinari curatellifolia; Pavkia biglobosa; Passiflova edulis; Persea americana; Phaseolus vulgaris;
Plectranthus esculentus; Plectranthus rotundifolius; Psidium guajava; Ricinodendron heudelotii; Saba comorensis;
Saba senegalensis; Solanum scabrum; Sphenostylis stenocarpa; Strychnos cocculoides; Strychnos spinosa; Syzygium
guineense; Talinum fruticosum; Tamarindus indica; Telfairia occidentalis; Tylosema esculentum; Uapaca kivkiana;
Vangueria infausta; Vangueria madagascariensis; Vicia faba; Vigna vadiata; Vitellaria paradoxa; Vitex doniana;
Xanthosoma sagittifolium; Xanthosoma spp.; Ximenia caffra; Ziziphus mauritiana

Table 2.
Present status and progress of AOCC developing genomic resources—veference genome sequencing of 100
accessions/species for 101 crops [58].

4. Final remarks

In sub-Saharan Africa, countries rely mostly on agriculture as economic rev-
enue and as a base for smallholder farmers, for both household income and food.
Considering the diversity of the farming systems along the different agroecological
zonings, evaluating its performance under climate changes is key to determine its
future sustainability for alleviating poverty and food security. Overall, major farm-
ing systems in SSA are under threat since they are rainfall-dependent and thus pose
a scenario of food insecurity if no proper agriculture management and solutions
are taken. In this chapter, the potential of pulse crops as a viable and sustainable
strategy for upholding farming systems’ intercropping and production indices was
highlighted. The promotion of legumes adapted to semi- and arid conditions will
contribute to the diversity of cropping systems and diets of African people living
in rural areas. However, there is a need to address critical knowledge gaps that will
allow the full use and advantages to introduce successfully the so-called neglected
and underutilized crops, native to Africa, within agricultural and food systems. By
exploring native legumes adapted to arid conditions, namely, low rainfall periods,
it will be a key tool for adaptation to climate change. This will also contribute to
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improve soil fertility and enhance food, forage, and mulching quality, which is of
main importance particularly for the developing countries. Therefore, promoting its
cultivation and implementing different farm management practices will contribute
to the resilience of SSA farming systems. As the world celebrated the International
Year of Pulses in 2016, there is a need to establish the potential and invest in the
innovation of undervalued role that pulses can play in the post-2016 agenda. In spite
of their recognized importance, some African native legumes are still underutilized
or overlooked crops, and its use is a viable option to raise farming productivity.
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