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Abstract: Approximately 70% of the population in the semi- and arid tropics reside in rural areas and
depend on agriculture for their livelihood. Crop production is primarily focused on a few starchy
staple crops. While this can ensure adequate calories, it inadvertently neglects the need for dietary
diversity. Consequently, food and nutritional insecurity remains prevalent in the semi- and arid
tropics. We reviewed the legume value chain with the aim to identify opportunities and challenges to
unlocking their value and promoting them in the tropics. Several grain legumes are rich in proteins
and micronutrients. They also possess adaptability to marginal environmental conditions such as
drought and low input systems which typify rural landscapes. Adaptability to abiotic stresses such as
drought makes them key to agriculture in areas that will receive less rainfall in the future. However,
this potential was currently not being realized due to a range of challenges. Aspects related to their
seed systems, production, post-harvest handling and marketing remain relatively under-researched.
This was especially true for minor legumes. There is a need for trans-disciplinary research which
will address the entire value chain, as has been done for major starchy crops. This could also unlock
significant economic opportunities for marginalized groups such as women. This will unlock their
value and allow them to contribute meaningfully to food and nutrition security as well as sustainable
and resilient cropping systems.
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1. Introduction

Water scarcity is increasing and this is exacerbated by population growth and ongoing climate
change and variability [1]. Most of the regions categorized as ‘water scarce’ lie in the semi- and arid
tropics. It is also in these regions that approximately 70% of the population depends on agriculture for
their food and livelihood [2,3]. The prevalence of food and nutritional insecurity in semi- and arid
tropics also remains high. South Asia and sub-Saharan Africa (SSA) have the highest estimated number
of individuals experiencing some form of undernutrition (281 million and 224 million, respectively) [4].
This represents about 15% and 23% of the respective populations of South Asia and SSA. These figures
are expected to increase due to population growth and climate change. The 2014/15 and 2015/16
drought that was experienced across SSA due to El Nifio placed more than 30 million people at risk
of hunger, with children being most vulnerable [5]. There is a need for a paradigm shift in terms of
how we address challenges of food and nutrition security [6]]. Part of this includes identifying and
promoting the cultivation of crops that are most suited to these environments. Such crops should also
have the inherent capacity to contribute to the resilience of farming systems in these areas.

Across much of the semi- and arid tropics, cereals (rice (Oryza sativa)), maize (Zea mays) and wheat
(Triticum spp.) and root and tuber crops (cassava (Manihot esculenta)), Irish potato (Solanum tuberosum)
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and sweet potato (Ipomea batatas) are the staple crops. These crops have been the subject of significant
research and government attention [7]. This has led to breeding of high-yielding and drought-tolerant
cultivars of common cereals and root and tuber crops. Cereals and root and tuber crops, which are
starch rich, mainly provide calories to address energy requirements but lack dietary diversity to ensure
adequate nutrition [8]. Dietary diversity is a strategy that involves including a variety of food groups
to the diet such as fruit and vegetables, legumes, starch and animal products [9]. Meat, fruit and
vegetables are the major sources of proteins and micronutrients, respectively, but they are not always
accessible to the rural poor. Meat remains expensive while fruit and vegetables are generally affordable,
only when in season, but unaffordable when out of season. In this regard, the use of grain legumes as
alternative sources of protein and other micronutrients [10] could assist in improving dietary diversity
of poor rural households.

The promotion of grain legumes has been mainly linked to them being rich sources of protein, low
in saturated fat, as well as possessing certain important micronutrients (zinc, folate and calcium and
tocopherols) [11-13]. In this regard, legumes could contribute significantly to diets of rural households
if consumed as compliments to starch. While history shows that early Khoikhoi and Indian settlers in
the semi- and arid tropics utilized indigenous legumes as a major component of their diets [14], this
status has since changed. The “Green Revolution” shifted attention to cereal crops. While this resulted
in improvements to crop production and energy supply, it inadvertently resulted in stagnation of
production and crop improvement of legumes [15]. The promotion of legumes which are adapted
to the semi- and arid tropics will contribute to the diversity of cropping systems and diets of people
living in these areas. However, there is need to address critical knowledge gaps that will allow for the
promotion and reinstatement of legumes within food systems.

To date, there has been separate attempts by crop scientists [16-22] and nutritionists [11-13] to
address the knowledge gap on legumes. These efforts have been disciplinary and the information is yet
to be consolidated so as to make meaningful impact on policy. The emerging interest on minor legumes,
indigenous to semi- and arid tropics, should also be considered [23]. As the world celebrated the
International Year of Pulses in 2016, there was a need to re-conceptualize the possible role that legumes
can play in the post-2015 agenda. The aim of this review was to provide a holistic perspective on the
potential of legumes. This was done through focusing on the legume value chain and identifying
challenges and opportunities for unlocking the value of legumes.

A mixed-method review approach, which included combining quantitative and qualitative
research or outcomes with process studies, was used to compile the review. Scientific journal articles,
book chapters, technical reports and other forms of literature were used for the review. The review
focused primarily on literature describing sub-Saharan Africa and South Asia; the two regions
share similar development trajectories, challenges and opportunities, thus making them comparable.
The review was then structured as follows; Section 2 provides an overview of water scarcity in SSA
and SA and its effect on agricultural production. Furthermore, Section 2 also highlights food and
nutritional security status in SSA and SA using selected indicators such as stunting, wasting, anemia
and obesity. Section 3 discusses grain legumes, with a focus on their diversity and adaptability to the
semi- and arid tropics. Section 4 discusses the progress and gaps in research on grain legumes. A value
chain approach was used to categorize research into four components, namely, (i) breeding and crop
improvement; (ii) agronomy; (iii) processing and utilization; and (iv) marketing. Lastly, Sections 5
and 6 present the challenges, opportunities and recommendations concerning promoting legumes in
semi- and arid tropics.

2. Setting the Scene-South Asia and Sub-Saharan Africa

South Asia refers to the southern part of Asia which is dominated by the Indian tectonic plate
which rises above sea level as Nepal and extends to the south of the Himalayas and the Hindu
Kush. Sub-Saharan Africa refers to the regions that are fully or partially located south of the Sahara
desert. The two regions are climatically alike according to the Képpen-Geiger climate classification.
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They are described as semi- and arid climates due to actual precipitation being less than actual
evapotranspiration [24]. These two regions are also considered the poorest regions in the world [25].
Approximately 70% of the population in these regions reside in rural areas and rely on agriculture
for their food and livelihood [26]. However, agricultural activities are primarily challenged by
water scarcity.

2.1. Water Scarcity

Most countries in South Asia and sub-Saharan Africa experience some form of water scarcity
(Figure 1). Rainfed agriculture is the primary source of food production in the semi- and arid tropics.
The amount of arable land under rainfed production ranges from 60% to 95% [27]; making water is
the most limiting factor in crop production. The uncertainties in rainfall distribution and occurrences
and the high frequency of dry spells and droughts [28] frequently result in significant yield losses
and crop failure for rural farmers. Most of them are incapable of recovering from such disturbances.
This alludes to the importance of promoting resilient cropping systems in these areas.

Global physical and economic water scarcity

Little or no water scarcity
Physical water scarcity
Approaching physical
water scarcity

M Economic water scarcity
Not estimated

Figure 1. Areas of physical and economical water scarcity on a basin level in 2007 [29]. Most of the
regions categorized as ‘water scarce’ fall in semi- and arid tropics.

2.2. Food and Nutritional Insecurity in Semi- and Arid Tropics

Agriculture is the major livelihood activity for 70% of people residing in the semi- and arid
regions [3,28]. Food production is often inadequate to meet household food and nutrient requirements,
hence people still have to buy food despite it being unaffordable [29]. This may in part explain the
high prevalence of food and nutritional insecurity. South Asia and sub-Saharan Africa are faced with
the highest prevalence of malnutrition (under- and overnutrition) in the world [30]. Undernutrition is
commonly in the form of stunting (low height for age), wasting (low weight for age) and underweight
in children under five years old [30]. It is estimated that one-half to two-thirds of stunted, wasted
and underweight children reside in South Asia while one-third reside in sub-Saharan Africa [31].
This implies that 80% to 90% of the world’s undernourished children reside in the semi- and arid
tropics. In addition, prevalence of micronutrient deficiencies is high with anemia (a condition caused
by lack of iron) having the highest prevalence affecting at least 50% of women in the reproductive
age [30]. Conversely, being overweight and obesity affect at least 30% of the population [25]. These high
levels of malnutrition are symptomatic of the poor dietary diversity in semi- and arid tropics. Based on
these statistics, it is evident that nutrient intakes are not balanced [6] to meet the requirements for
a healthy life—food and nutritional security.

Food security was defined as a ‘situation when all people at all times have physical and economic
access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for
an active and healthy life” [32]. This definition was not properly translated into regional agricultural
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policies which led to a prioritization of food production over nutrition agendas [6]. To emphasize the
nutrition aspects and to clearly differentiate dietary quantity and quality, this review uses the term
‘food and nutrition security’ [33,34]. Agriculture, as the main source of food and livelihood in semi-
and arid regions, provides an appropriate platform to tackle food and nutritional insecurity [3,34,35].
This can be achieved, in part, by increasing crop diversity and improving crop productivity which in
turn strengthens the pillars of food and nutritional security. Furthermore, any such efforts should be
defined and designed taking into consideration limitations posed by water scarcity i.e., recognizing
the water-food-nutrition-health nexus [6]. This includes the promotion of crops that are adapted to dry
areas and are nutrient dense [6] such as legumes [23].

Previous food security initiatives in semi- and arid regions had a narrow focus of increasing
production of cereals and root and tuber staple crops. Consequently, such staple crops currently
occupy 70% of arable crop area. Although these staples have a role to play in providing daily energy
requirements, they are often poor sources of other nutrients. This poses concerns on dietary diversity
and could be partly why semi- and arid regions are faced with the burden of malnutrition. There is
need for a balance between starch-rich foods and other nutrient dense foods in order to improve
dietary diversity. According to Alleyne et al. [36], one of the major concerns in diets of the rural poor is
the issue of protein energy malnutrition. Legumes are a good source of protein and micronutrients
and hence could be a good compliment to starchy diets [37].

Khan [38] reported daily per capita consumption of grain legumes to be 30 to 40 g in SSA and 40
to 60 g in SA. While in SA consumption is higher than in SSA, both regions are comparatively lower
when compared to the world daily per capita consumption of 65 g [39]. This is exacerbated by the
fact that consumption of animal-based protein in both SSA and SA is also lower (20 g daily per capita
consumption) compared to the world (34 g daily per capita consumption) [39]. This highlights the
poor protein diets in semi- and arid regions. Animal-based protein is expensive, hence there is more
scope to increase protein in diets by increasing consumption levels of grain legumes.

3. Grain Legumes

3.1. Taxonomy

The word legume derives from the Latin word ‘legere’ which means ‘to gather’ [40]. Legume refers
to the fruit of plants that are usually gathered by hand [40]. Legumes belong to the Fabaceae family
and have an estimated 18,000 species in about 650 genera making them the third largest group of
plant families after Orchidiacea and Compositae. The Fabaceae family comprises three sub-families
Caesalpinioideae, Mimosoideae and Papilionoideae, depending on floral structure. The former
two each comprise five tribes, which are mostly ornamental plants. The sub-family Papilionoideae
comprises more than 32 tribes making it the biggest and most diverse sub-family; all grain legumes
and major forage species belong to this sub-family. Of the 32 tribes, only seven tribes are edible [41]
(Table 1); these form the focus of this review.

Table 1. Taxonomic affinities (tribe, subtribe, species and common names) of grain legumes (Adapted
from [41] with some modifications).

Tribe Sub-Tribe Species Common Name
Dalbergieae Arachis hypogaea L. groundnut
Cicerea Cicer arietum L. chickpea
Viciaea Lens culinaris Med lentil
Pisum sativum L. common pea
Vicia faba L. fababean
Lathyrus sativus L. grass pea
Genisteae Lupininae Lupinus albus L. white lupine
L Iueus L. yellow lupine
L angustifolius L. blue lupine

L. mutabilis Sweet. tarwi, chocho,
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Tribe Sub-Tribe Species Common Name
Phaseoleae Erythrininae Mucana spp. (velvet beans) velvet beans
Diocleinae Canavalia ensiformis (L.) DC. jackbean
C. gladiata (Jacq.) DC. swordbean
Pachyrrhizus erosus (L.) Urban yam bean
P. tuberosis (Lam.) Spreng. yam bean
Calopogonium mucuniodes Desv wild groundnut
Glycininae Pueraria phaseoloides (Roxb.) Benth. puero, tropical kudzu
Glycine max (L.) Merr. soybean
Clitoriinae Centrosema pubescens Benth. butterfly pea
Clitoria ternatea L. butterfly pea
Phaseolinae Psophocarpus tetragonolobus (L.) DC. winged bean
Lablab purpureus (L.) Sweet lablab
M. uniflorum (Lamb.) Verdc horse gram, kulthi bean, hurali,
Vigna aconitifolia (Jacq.) Marechal moth bean
V. angularis (Willd.) azuki bean
V. mungo (L.) Hepper mung bean
V. radiate (L.) Wilczek mung bean
V. subterranea (L.) Verdc. bambara groundnut
V. umbellate (Thunb.) rice bean
V. unguiculata (L.) Walp cowpea
Phaseolus acutifolus A.Gray tepary bean
P. coccineus L. runner bean
P. lunatis L. lima bean
P. polyanthus Greenm. polyanthus bean
P. vulgaris L. common bean
Cajaninae Cajanus cajan (L.) Millsp. pigeon pea
Indigoferae Cyamopsis tetragonoloba (L.) Taubert cluster-bean, siam-bean
Crotalariaea Crotalaria juncea L. indian hemp, sun hemp

3.2. Ecology

The highly diverse species of grain legumes are indigenous to various parts of the world.

The ecology is, to a large extent, influenced by climate of its center of diversity [41,42]. The main
centers of diversity are central America, South America, southwestern America, Africa and Europe.
Owing to their wide diversity, grain legumes can be grown across different rainfall areas ranging from
200 mm to 1500 mm (Table 2). As such, some grain legumes are suited to the semi- and arid tropics that
receive low annual rainfall. Although they grow well in environments similar to that of their center of
diversity, they also adapt to other environments [43] implying that they have wide adaptability.

Depending on species as well as season and cultivar, grain legumes take between 60 to 200 days
to mature, making them suitable crops for sequential cropping (Table 2). Semi- and arid tropics are
faced with uncertainties in rainfall distribution and occurrences as well as high frequency of dry spells
which short season crops may be able to escape. Grain legumes are not associated with tolerance to
water-logging and frost. This poor adaptability can be attributed to the centers of diversity being mild
environments. Several grain legumes are short-day plants, an attribute owing to their centers of diversity,
with a few exceptions such as white lupine, chickpea, lentil and common pea being long-day plants
(Table 2). There are, however, bred short-day cultivars of white lupine, chickpea, lentil and common pea.

Average grain yield ranges from 300 to 14,000 kg-ha ! depending on season, crop species, cultivar
and management practices (Table 2). The low yield in some grain legumes, relative to cereals and root
and tuber crops, has been suggested as a possible reason for their decline in rural cropping systems.
However, grain legumes can offer other ecological benefits that cereal crops cannot.

One distinct ecological function that makes grain legumes unique is their ability to fix atmospheric
nitrogen [41]. While the Roman and Egyptian early settlers observed that in the presence of legume
species soil was somewhat nutrient rich and plants were greener, it was only in 1888 when German
scientists discovered that it was the legume root nodule that was responsible for this [44]. Since then,
this made grain legume crops of particular interest in faming systems, especially under marginal
conditions [45-47].
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Table 2. Ecological characteristics (temperature, rainfall, growth cycle, photoperiod, soil type and yield) of selected grain legumes from the seven tribes of
grain legumes.

Min, Max Temp  Annual Rainfall Growth Cycle Grain Yield
Species *Photoperiod Soil Type Source
O (mm) (Days) (kg/ha)

Dry bean 10, 30 600-650 70-200 Short day Sandy loam to heavy clays 500-2500 [48]
Groundnut 10, 30 500-600 125-150 Short day Sandy loam 800-3500 [49]
Chickpea 5,25 400-600 84-125 Long day Sandy to silt loam 630-850 [50]
Soybean 10,25 500-900 120-130 Short day Clay loam 20004000 [51]
Lablab 10,35 700-1500 60-120 Short day Deep sands to heavy clays 1000-2500 [52]
Cowpea 8,35 400-700 70-150 Short day Sandy 1000-2000 [51]
Bambara groundnut 10,35 400-600 90-180 Short day Sandy loam 300-3000 [53]
Pigeon pea - - 100-200 Short day Sandy to silt loam 718-1080 [54]
Tepary bean 20, 48 200-600 60-120 Short day Sandy loam 1410-2239 [55]
Common Pea 5,22 350-500 55-75 Day neutral Sandy loam 1500-3120 [56]
Faba bean —2,25 700-1200 110-130 Short day Clay loam 2000-14,000 [57]
White lupine -7,15 381-990 116-130 Long day Sandy to silt loam 1570 [58]

*Photoperiod: Short day = 10 h or less; Day neutral = 10 to 12 h; Long Day = 12 h or more.
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3.3. Major vs. Minor Grain Legumes

There is a wide diversity of grain legume species and there are concerns that some species are
more prominent compared to others in terms of breeding efforts, socioeconomic importance, area under
cultivation and utilization. This dichotomy is often referred to in the literature as major and minor
grain legumes. Other terms also used to refer to minor grain legumes are underutilized, neglected,
orphan, promising and future grain legumes. There still lacks a consensus definition of underutilized,
neglected or minor grain legumes. The lack of a consensus definition of major vs. minor legumes
creates challenges when attempting to categorize legumes. Congenial examples would be of chickpea
and cowpea where their underutilization is geographically distributed. Cowpea used to be widely
used but now it is only common in African diets and its use is slowly diminishing in other areas.

In this review we define major grain legumes as those species that are recognized internationally
regardless of their centers of diversity, occupy significant crop area, have been subject to formal crop
improvement and research and have common and established value chains internationally. Minor grain
legumes are those that are only of regional importance, are neglected or underutilized in any dimension
(geographic, social and economic) and have no common international and established value chain.

4. Legume Value Chain

Approximately 30 grain legumes are grown in the semi- and arid tropics across different ecological
niches. Chickpea, dry bean, groundnut, pigeon pea, cowpea and soybean account for more than 90%
of grain legume production (Table 3). The remainder of the grain legumes (e.g., fababean, bambara
groundnut, common pea and lablab, lentil) account for less than 10% of legume production [59].
Singh and Singh [60] reported that in the last ten years there had been a significant upward trend (~=6%)
in production of lentil in SA. Table 3 highlights the production trends of major and minor grain legumes
where dry bean, groundnut and soybean are popular (each occupying > 5 million ha of land) across
all regions and cowpea and chickpea are only popular in SSA and SA, respectively. In semi- and arid
tropics more than 95% of grain legumes are produced under dryland conditions [61]. This implies that
there is scope to increase grain legume production without increasing water withdrawals. This would
be mostly through improvements in water productivity.

In semi- and arid tropics, legumes are planted on approximately 60 million hectares of land.
This figure is minute when compared to starchy crops (cereals and root and tuber crops) that occupy
over 250 million hectares in the same regions (Table 3). Starchy crops, as staple crops, have benefited
from research related to their breeding, production, utilization and marketing. In this review, these
components are referred to as a ‘research value chain.” The ‘research value chain’ concept is used
to describe the research activities and various stakeholders that products go through for them to be
made available to consumers. The research value chain concept also extends to describe the value
that products add to consumers and how they have been marketed and made available to consumers
(Figure 2).

Starchy crops have established value chains and, owing to this high production, are widely
available and utilized. If grain legumes are to be promoted, it is also imperative that research is carried
out across the various points within a value chain. This review provides an overview of the grain
legume research value chain to date. This will aid in identifying opportunities and constraints that
exist for the promotion of grain legumes in rural farming systems of semi- and arid tropics.

Breeding and crop
improvement

Marketing and
distribution

Production Value addition

Figure 2. Research value chain from breeding and crop improvement to marketing and distribution.
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Table 3. Production trends of selected grain legumes (chickpea, dry bean, groundnut, pigeon pea,
soybean and cowpea) in the world and semi- and arid tropics (sub-Saharan Africa, and South Asia)
for the period 2010-2012 (Adapted from Abate et al. [59] and Nedumaran et al. [62] with some minor
modifications from faostat.fao.org).

Production % of World
. . -1
Area (1000 ha) Yield (kg-ha™) (1000 Metric Ton) Production
World
Chickpea 10,914 818 8929 -
Dry bean 27,232 723 19,705 -
Cowpea 14,500 454 6155 -
Groundnut 22,633 1607 36,379 -
Pigeon Pea 4655 885 3463 -
Soybean 92,622 2348 217,397 -
Lentil 3571 1904 2900 -
Sub-Saharan Africa
Chickpea 398 769 315 3.5
Dry bean 5190 596 3045 16
Cowpea 11,440 450 5145 84
Groundnut 9057 1007 8942 40
Pigeon Pea 499 729 363 10
Soybean 1228 1060 1279 1.3
Lentil 100 1094 90 2
South Asia
Chickpea 8334 855 6792 76
Dry bean 11,532 985 5908 30
Cowpea 159 975 154 3
Groundnut 7038 1122 8457 31
Pigeon Pea 4118 840 3068 88
Soybean 8490 1275 5735 9.2
Lentil 1700 633 1088 33

4.1. Breeding and Crop Improvement

Progress in breeding and crop improvement has been relatively slow, especially when compared
to cereals such as maize, rice and wheat. Since the 1970s, grain legume breeding focused on
disease resistance, growth habit and duration in relation to increasing yields [63]. It was only
post-2000 that characteristics such as drought and heat-stress tolerance and environmental adaptability
(genotype x environment) became topical [64,65]. Recently, pre-breeding of some minor grain legumes
indigenous to semi- and arid tropics (e.g., cowpea, pigeon pea, and chickpea) has come into light for
their adaptation to drought and heat stress.

Consultative Group on International Agricultural Research (CGIAR) institutes such as the
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), International Institute
of Tropical Agriculture (IITA), and the Centre for Agricultural Research in Dry Areas (ICARDA)
have largely driven breeding and crop improvement of grain legumes for the semi- and arid tropics.
This is with the exception of soybean breeding and crop improvement that has also been driven by
private seed companies. Consultative Group on International Agricultural Research institutes are also
responsible for germplasm conservation with ICRISAT and IITA maintaining the highest number of
grain legume accessions. ICRISAT maintains 14,968 accessions of groundnut, 13,771 of pigeon pea and
81,000 of chickpea [66] while IITA maintains 15,115 accessions of cowpea, 1742 of soybean, 1815 of
bambara groundnut and ~2000 of other minor grain legumes combined [67]. It is interesting to note
that despite the large germplasm collections, <1% has so far been utilized in breeding programs [66].
This highlights low utilization of genetic resources by breeders. According to Foyer et al. [68], the
low utilization of genetic resources has led to stagnation of grain legume yields. In order to increase
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adoption of grain legumes, improved varieties that are drought- and heat-stress tolerant, nutrient
dense and high yielding should be made available. This is still in its infancy and there is need for novel
biotechnological techniques such as marker-assisted selection to speed up grain legume improvement.
This should include whole-genome sequencing in the existing legume accessions including crop wild
relatives to develop new molecular markers.

Seed Systems

In semi- and arid tropics, 80%-90% of grain legume seed systems are farmer-driven (farmer seed
systems). This means that farmers use farm-saved seed from the previous harvest, acquire them from
other farmers through barter or gifts or obtain them from informal local markets [69-76]. This seed
is often in the form of landraces, which are open-pollinated varieties that are often the product of
many years (>100 years) of natural and farmer selection [77]. In some instances, seed companies
supply landraces of both major and minor grain legumes that are not certified or tested [71,73,75].
They take advantage of their strategic positioning in the agriculture sector to source seed of grain
legumes and supply them to research institutions or farmers. Farmers have also been reported to
purchase hybrid seed, which is the product (first-generation progeny) of a cross between two unrelated
(genetic dissimilar) parents [78], and then recycle it similarly to how they recycle landraces [73,75].
However, unlike for landraces and other open-pollinated varieties, recycling hybrid seeds has negative
implications on subsequent seed quality. In addition, most grain legumes that are grown in the semi-
and arid tropics are self-pollinating plants, hence recycling seeds may result in loss of vigor, decrease
in immunity to diseases and reduced adaptability to changing environments [75].

Adoption of improved seed will significantly increase productivity assuming that it is accompanied
by the adoption of best management practices. Promoting hybrid seed may also come with increased
dependency on other agricultural inputs such as chemicals, fertilizers and water [79,80]. This may create
new challenges under low input agriculture systems that typify the semi- and arid tropics as farmers
may not be able to afford the use of external inputs. In this regard, the use of improved open-pollinated
varieties adapted to a range of environments would be more desirable. Thus, promoting grain legumes
in cropping systems will require formulation of dynamic strategies that ensure availability and farmers’
adoption of improved seed as well as adoption of best management practices that allow for yield
maximization. This should be underpinned by viable and sustainable seed systems (formal and
informal) that are beneficial to all role players (breeders, government and farmers).

Formal seed systems are discouraged by farmers’ tendency to recycle seed, thereby decreasing the
demand for certified seed [81]. However, farmers’ tendency to recycle seeds is influenced by several
factors such as high cost of purchasing hybrid seed every season and lack of formal seed suppliers in
rural areas. In addition, use of hybrids also risks loss of benefits such as ease of exchanging or sharing
seed as well as earning income from selling seeds on the informal market [81]. This highlights the
need to integrate formal and informal seed systems when promoting grain legumes. Muigai et al. [81]
suggested integrating informal seed channels into formal seed structures by providing foundation
seed to selected rural farmer groups to multiply. This should be supported by extension advice on seed
production, processing, treatment, storage and developing a legal framework that permits marketing
of certified and uncertified seed of acceptable genetic purity and germination quality. This will provide
resource-poor farmers with quality seeds of improved varieties at affordable prices. A similar strategy
is underway in Nigeria aimed to “sustainably improve farmers’ access to high quality and affordable
cassava planting material through the development and promotion of models for seed provisions” [67].
Such models, if successful, could be adopted and restructured for grain legumes.
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4.2. Production

4.2.1. Agronomy

Soil fertility is one of the major constraints in subsistence agriculture. Studies have shown that
including grain legumes in cropping systems improves soil fertility [82-84]. This could be through
relay cropping, intercropping, crop rotations or double cropping [82-84]. Legumes have also been
successfully used as cover crops to improve soil fertility, control pests and suppress weeds [85-87].
While the role of grain legumes in increasing soil nitrogen cannot be denied, other macro- and
micro-nutrients cannot be ignored. A deficiency of other nutrients such as phosphorous, boron and
molybdenum may hinder nitrogen fixation [44,45,88]. In addition, subsistence farmers often do not
use inoculants to stimulate the formation of nitrogen-fixing nodules. Studies on dry bean, groundnut,
soybean and cowpea have shown that under marginal soils inoculating seed with Rhizobia improves
nitrogen-fixation capacity and yield [89,90]. There should always be a balance of the essential soil
nutrients that are required for growth and reproduction of grain legumes to get the maximum yield.
Rural farmers should have access to soil analyses. This will aid in correcting soil fertility to maximize
yield. While use of fertilizer may be limited due to affordability, options such as manure, compost and
crop residues could be explored.

Another major agronomic component of grain legumes is weeding. According to Avola et al. [91],
grain legumes are poor competitors with weeds. Without proper weed control, weeds can cause
significant yield losses [92,93]. Groundnut, soybean and bambara groundnut have been observed
to be among the poorest competitors with weeds and require constant weeding compared to other
legumes such as cowpea and pigeon pea [94-97]. A study in Malawi showed that one of the factors
influencing farmers” adoption of grain legumes in cropping systems was the high labor required due to
constant weeding [97]. There is need for sustainable weed control strategies for poor rural farmers to
increase adoption of grain legumes. This should include low-cost mechanical weeding machines and
agronomic practices to reduce weed infestation. The latter includes research on the effects of mulching,
spatial arrangements and critical periods for weed control in different grain legume species.

The adverse environmental conditions that typify most of the semi- and arid tropics suggest
that currently grain legumes are being grown under sub-optimal conditions. This could explain the
high incidences of aflatoxins reported in legumes, especially groundnut. Aflatoxins are a group of
chemically similar toxic fungal metabolites (mycotoxins) produced by certain moulds of the genus
Aspergillus growing on a number of raw food commodities [98]. Aflatoxins, notably Aspergillus flavus,
are naturally abundant and often found when certain grain legumes are grown under stressful
conditions such as drought [99]. Aflatoxin levels are high in groundnut (up to 11,865 ug/kg) [100].
This has become a concern for the production and export of groundnuts in semi- and arid tropics [101].
This is disconcerting; for the period 2000-2006, ~80% of SSA’s groundnut exports to the European
Union were non-compliant with the Codex standard of aflatoxin levels (>50 ppb) [102]. Loss of markets
therefore becomes a disincentive for farmers to continue production. Improved agronomic practices
could lower the incidence of aflatoxins.

With the exception of major grain legumes, there is a lack of robust empirical information
describing the agronomy of most grain legumes suitable for cultivation in the semi- and arid tropics.
While this information may be available in few national agricultural research stations, it remains
inaccessible to farmers. Rural farmers who still cultivate minor grain legumes mostly rely on
indigenous knowledge and continue to get low yields, further marginalizing the continued production
of minor grain legumes.

4.2.2. Water Use and Water Use Efficiency

In semi- and arid tropics, where water is the most limiting input to crop production, crop water
requirement is an important factor. Crops that use less water are becoming increasingly important as
one of the strategies to increase food production under conditions of water scarcity. Research on water
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use of grain legumes showed that cowpea and fababean had low water use ranging between 78 and
258 mm and 101 and 261 mm, respectively (Table 4). Lentils could also be considered low water users,
especially when compared to major grain legumes such as dry bean, groundnut and soybean that
had water use ranging from 318 to 463 mm, 697 to 809 mm and 598 to 690 mm, respectively (Table 4).
The high water requirement of groundnuts could also explain the high incidence of aflatoxins as they
are more prone to water-deficit stress. It could thus be inferred that cowpea, fababean, lentil, chickpea
and common pea are suitable for growing in arid and semi-arid conditions where seasonal rainfall is
low (200 to 400 mm) (Table 4).

However, low water use does not necessarily imply high water use efficiency (WUE). Water use
efficiency of legumes ranges from 1.7 to 15.9 kg-ha~!-mm~! with various species showing noticeable
differences in WUE (Table 4). These values are low when compared to WUE values reported for
cereal and root and tuber crops. For maize and sorghum, the lowest reported WUE value was 4
kg-ha~!-mm~! [103] while the highest was up to 85 kg-ha~!mm~! [104,105]. Potatoes on the other
hand have WUE values as high as 195 kg-ha~!-mm~ [106]. It cannot be disputed that cereals and root
and tuber crops are more water use efficient when compared to grain legumes. Values of water use
and WUE are, however, wide-ranging and lack robustness as they were determined under different
management and environmental conditions and are thus not conservative [107]. Water productivity
(WP), which is the net benefits accrued per unit water consumed [108], offers greater spatial and
temporal stability and is a true efficacy parameter of the crop production process [107].

Table 4. Water use and water use efficiency (WUE) of selected grain legumes.

Speci Water Use Yield WUE
pecies mm kg-ha=! kg Dry Matter ha—! mm~1! Climate Source
Dry bean 318-463 1407-4031 1.7-10.9 Mediterranean [18]
Groundnut 697-809 20804240 3.96-5.25 Semi-arid [19]
Chickpea 150-340 358-1357 1.9-3.6 Mediterranean [16]
Soybean 598-690 710-1910 1.16-2.80 Semi-arid [20]
Cowpea 78-258 1020-1340 0.11-0.2 Semi-arid [109]
Bambara groundnut 300-638 500-2400 0.1-0.12 Semi-arid [21]
Pigeon pea 331-551 18162643 3.38-6.97 Semi-arid [110]
Common pea 177-266 1040-2240 6-15.9 Mediterranean [17]
Fababean 101-261 420-1920 1.7-12.5 Mediterranean [17]
Lentil 160-308 339-1657 2.3-45 Mediterranean [16]
White lupine 178-272 1570 2.1-8.5 Mediterranean [17]

NB. Data were obtained from experiments conducted under varying environmental and management conditions.

4.3. Post-Harvest Handling, Storage and Value Addition

After harvesting, products go through some sort of transformation from their original state to
a more valuable state. This is referred to as value addition. Value addition can be viewed as the
benefits obtained from a product with respect to quality, form and functionality [111]. This includes
the transformation of food to nutrients that are utilized by the body [112]. Value addition also includes
agro-processing which describes the manufacturing processes involved to derive products from
agricultural raw products [113].

4.3.1. Post-Harvest Handling and Storage

Subsistence farmers still harvest grain legumes manually. This can lead to splitting and significant
yield losses (~20%) [114]. In many parts of India, low-cost mechanical harvesting equipment has been
designed for groundnut and dry bean to minimize labor and grain losses during harvesting [115].
There is also a need for similar low-cost technologies for other grain legumes coupled with suitable
and appropriate maturity and harvest indices to aid farmers in correctly determining time of harvest;
this will minimize grain losses during harvesting.
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One of the major advantages of grain legumes is their long shelf life hence availability throughout
the year. However, this is largely determined by storage conditions. Once the grain legumes have been
threshed, the seeds must be stored at ~12% moisture content and temperatures below 15 °C to avoid
discoloration, mould and fungi. Some grain legumes are very sensitive during storage and, if care
is not taken, up to 50% of storage losses can be incurred [116]. For example, when chickpea seed is
harvested, its outside seed coat usually has a lower moisture level than the inside of the seed. If left to
sit in storage, the moisture level can balance out (tempering/sweating), causing the overall moisture
level to rise. In this way, chickpeas that are harvested at a safe moisture level can, after a week, exceed
the recommended 14%. Left untreated, the harvest can spoil. For this reason, chickpea producers often
store the crop in a hopper-bottomed bin that has aeration, which can help bring down the moisture
level [117]. This information may not be available to subsistence farmers and they may not have access
to specialized storage containers. This is one of the reasons why there is a shift towards promoting
value chain research; if chickpeas are promoted to farmers, this has to be accompanied by knowledge
of chickpea post-harvest handling and storage as well as provision of specialized storage containers to
avoid detrimental post-harvest losses.

Under proper storage conditions, grain legumes can be stored for up to three years [118].
Considering the predicted increase in drought occurrences, this is an important attribute as stored
grain can be consumed during drought and when there is a shortage of food. However, weevils, rats,
bruchids and other storage pests can be a problem in storage and proper chemicals need to be used
to control them [118]. Poor storage environment can result in color loss, moisture absorption, and
desorption as well as hardness or case hardness issues [119]. In semi- and arid tropics, such storage
challenges are frequently experienced by subsistence farmers and this could be partly why they are
discouraged from producing large quantities. If there are no markets to sell the surplus grain to, this
acts as a further disincentive to farmers and they subsequently only produce grain they can consume
in the short term. Poor storage conditions may also have an effect on the seed quality (viability and
vigor) reserved for the next season. While grain legumes may have a longer shelf life compared to
vegetables, dairy products, fruits, and meat products, currently this advantage has not been fully
explored due to farmers’ lack of appropriate storage conditions. This ultimately compromises the
potential of grain legume availability all year round.

4.3.2. Nutritional Quality

Grain legumes contain 5% to 39% protein with white lupine and soybean being the highest protein
sources (Table 5) [120,121]. By comparison, vegetables and cereals contain 2% and 8% to 12% protein,
respectively [117]. This makes grain legumes the best source of proteins among all the food crops.
In the absence of meat, grain legumes offer the best protein supplement to meet the recommended
daily allowance (RDA) of 56 g (Table 5). Soybean contains the most protein compared to other grain
legumes; this could explain why it has been widely accepted. In addition to being good sources of
protein, some grain legumes such as bambara groundnut, soybean and cowpea contain reasonable
amounts of carbohydrates (up to 56%) (Table 5). Soybean and tepary bean contain sufficient iron to
meet the RDA for an adult male and almost enough to meet the RDA of an adult female (Table 5).
This implies that incorporating these crops in diets could alleviate the high prevalence of anemia in
semi- and arid tropics. Soybean, dry beans, bambara groundnut and tepary bean contain >160 mg of
calcium which is higher than the same serving of milk (125 mg per 100 g milk) (Table 5) [122].

Cereals are the major source of carbohydrates but are poor sources of proteins and micronutrients
providing ~12 g protein, 10 to 140 mg calcium, 0.5 to 3.9 mg iron, and 0.6 to 3.3 mg zinc per 100 g
serving [123]. This is comparatively lower than grain legumes and justifies the need to promote
grain legumes to compliment cereals in diets. However, these values are for raw seeds and it will be
impetuous to not consider how nutritional value is affected by the different processes that the grain
legumes go through before they are consumed. The presence of anti-nutritional factors (ANFs) and
aflatoxins should also be considered as they pose an impediment to utilization of grain legumes.
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Table 5. Average nutrient content of selected grain legumes per 100 g raw mature seeds.

Species Energy Protein Carbohydrates  Fat Vit A Iron Zinc  Calcium Source
Kcal g ug mg
*RDA ZZ'%' 130.0 20.0-35.0 383%' fé%' 11;8  1000.0 [124]
Dry bean 333.0 21.8 2.5 25 - 47 - 183.0 [125]
Groundnut 570.0 25.0 21.0 48.0 - 2.0 3.3 62.0 [126]
Chickpea 164.0 8.9 27.0 2.6 1.0 2.89 15 49.0 [10]
Soybean 446.0 36.5 30.2 19.9 1.0 15.7 4.9 277.0 [127]
Lablab 50.0 29 9.2 03 - 0.76 0.4 41.0 [128]
Cowpea 116.0 7.8 20.8 0.5 - 2.51 13 24.0 [10]
g'ig“ﬂ’;;i . 367.0 206 56.0 6.6 - 596 79 219.0 [129]
Pigeon pea 136.0 7.2 28.9 1.6 - 1.6 1.0 42.0 [130]
Tepary bean - - - - - 12.6 5.0 165.0 [131]
Common pea 81.0 54 14.0 04 38.0 1.47 12 25.0 [10]
Fababean 341.0 8.0 18.0 0.7 - 6.7 3.1 103.0 [132]
Lentil 353.0 26.0 60.0 1.0 - 7.54 4.8 56.0 [10]
White lupine  1741.0 39 11.5 58 - 3.1 4.5 0.68 [120]
*RDA = Recommended Dietary Allowance (Male; Female); Nutritional values may vary from one variety to
the other.

Anti-Nutrient Factors

Anti-nutrient factors (ANFs) are chemical compounds synthesized by plants for their own defense.
Metabolically, synthesis of anti-nutrients is a favorable attribute as it is an adaptive mechanism.
However, synthesis of anti-nutrients is through inactivation of some nutrients that are important to
humans [133]. This ultimately decreases nutritive value of foods. Common ANFs in legumes include
tannins, phytates, oxalates, saponins, lectins, alkaloids, protease inhibitors cynogenic glucosides
and oligosaccharides. They occur in small quantities ranging from 0.2% to 4%. Some ANFs cause
undesirable effects to humans when consumed in excess [134]. Phytic acid impairs the absorption
of iron, zinc and calcium. Lectins are difficult to digest and may affect the cells lining the intestinal
tract. Saponins increase intestinal permeability also known as leaky gut [121]. Oligosaccharides occur
in large quantities (~20-50 mg/g) and are responsible for the flatulence associated with consuming
legumes [121]. However, ANFs are not all undesirable; they have some benefits. For example, phytates
and saponins are believed to lower the risk of colon and breast cancer [135]. Despite the latter, generally
anti-nutrients are not desirable. Minimizing ANFs in grain legumes is linked to improving agronomic
practices and minimizing stress during production.

4.3.3. Processing and Utilization

In rural communities, the processing and utilization of grain legumes has a long history that is
intimately linked to women and their traditional livelihood tasks [136,137]. This will be an advantage
for promoting grain legumes for improved household nutrition in semi- and arid tropics where
women have greater influence over household food choices, child nutrition and ultimately health [138].
Grain legumes can play an increasingly important role as a source of income in rural communities,
especially those near towns and cities. The money could be used towards other household needs and
children’s education [138].

Depending on the type of grain legume and the intended use, the various processes may differ.
One of the initial steps (primary processes) is to further dry the harvested pods. Drying is done
under the sun and, depending on resources, grains are spread on the ground or on a raised platform.
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After sun drying comes two processes that are considered time consuming and laborious when done
manually. This includes (i) dehusking which is the process of removing the husks; and (ii) winnowing
which involves separating the husks from the seed [139]. Resource-poor farmers use manual methods
(mortar with pestles and wooden or stone shellers). These processes require manual labor and this
could also partly explain the low cultivated areas for grain legumes in rural households. Labor is
limited due to rural to urban migration of the economically active age group [140]. In this regard, the
development of low-cost technologies for processing the harvest could go some way in encouraging
farmers to allocate more land to grain legumes.

Secondary processes include, but are not limited to, soaking, cooking, fermenting and
germinating [139]. Cooking improves appeal, nutrition and digestibility of grain legumes. In several
grain legumes, cooking time (boiling) of pods and/or grains is comparatively lengthy (three to
five hours). This could be a disincentive in rural areas where fuelwood and water for cooking are
scarce [141]. Soaking and cooking time of grain legumes have also been shown to affect nutritional
quality of some grain legumes [142]. It was observed that proteins, minerals and carbohydrate content
in seeds decreased by 16% to 20%, 30% and 18% to 40%, respectively, following cooking [143-145].
This raises the challenge of developing appropriate cooking methods that maximize nutrient retention.
Although the challenges related to cooking time and nutrient retention have been raised, research still
lags in providing solutions. Such solutions could be useful in unlocking their value.

While legumes have mainly been considered for their grains, young tender leaves and flowers
of some grain legumes can also be consumed as vegetables [146,147]. Leaves and flowers are rich
in vitamins and minerals [146,147]. Tapping into this potential could contribute to dietary diversity
through unlocking a useful source of vitamins and minerals. This could be explored when other leafy
vegetables are not available as well as to increase the leafy vegetable basket. However, there are scant
studies reporting on the nutritional status of young tender leaves and flowers of legumes as well as
harvest times.

Animal Feed

In addition to human consumption, grain legumes can be used for fodder. The value of grain
legumes in livestock production has been explored for forage legumes such as Medicago sativa (alfafa),
clover (Trifolium spp.) and vetch (Vicia sativa). This is mainly targeted for commercial livestock
production and is unaffordable for subsistence farmers. Subsistence farmers can utilize grain legume
residues for fodder but this remains underutilized and poorly documented in the semi- and arid
tropics [148]. After harvesting pods, leaves of grain legumes such as chickpea, lentil, cowpea, common
pea, soybean, fababean and lablab can be left in the field for animal grazing. Grain, leaves and husks
of soybean, common pea, fababean, lupine, cowpea, bambara groundnut, velvet bean, chickpea, lentils
and lablab can be ground and used as animal feed [132,149-151]. They form an important plant-based
protein source that can be fed directly or mixed with cereals to form complete meals [145,152]. The fact
that most grain legumes have a dual purpose (i.e., human and animal feed) makes them ideal for
inclusion in crop-livestock systems that characterize smallholder and subsistence agriculture.

Agro-Processing

Agro-processing enables conversion of farm produce to various commodities that can attract
different markets. Agro-processing increases shelf life, reduces wastage and has the potential to increase
income of subsistence farmers [113]. Due to rising incomes and change in lifestyles, the demand for
processed foods is increasing, creating opportunities for the agro-processing industry [153,154].

Agro-processing in various countries has been biased towards cereals, fruits, vegetables, oil,
textiles and beverages. In semi- and arid tropics, grain legume agro-processing is dominated by
the major grain legumes. Dry beans are commonly tinned or are sold raw with proper packaging
and branding. Groundnuts are commonly sold roasted with proper packaging and branding or are
processed into peanut butter. Soybean is the most versatile among all the grain legumes and can be
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processed to milk, curd, sauce, cheese and chunks. These products are common amongst vegetarians
and those who are allergic to cow milk. In addition to the above products, groundnuts and soybean
are processed to produce oil. The multiple uses make soybean and groundnut the most economically
important grain legumes.

On the contrary, minor grain legumes have received less attention in terms of agro-processing.
This inadvertently reduces their utilization and subsequent demand; this may explain why seed
companies tend to not focus on them. Despite the lack of research, several minor grain legumes have
potential for processing into various products. For example, bambara groundnut seed can be used
to produce vegetable milk although this potential is currently underexplored [155,156]. India has
made a significant milestone on agro-processing of minor grain legumes (chickpeas and lentils).
Promoting agro-processing of minor grain legumes could open up new value chains and opportunities
for rural farmers to participate in these value chains. Agro-processing would also increase demand
for minor grain legumes thus necessitating increased production and availability of seed. Increasing
opportunities for rural farmers to earn incomes and exit poverty is key to sustainable development in
the semi- and arid tropics.

In Thailand, agro-processing reduced poverty in rural areas through (i) the purchase of agricultural
products by the agro-processing industry; and (ii) establishing agro-processing industries near rural
areas in-order to employ poor farmers [157]. This provides a successful case study for governments in
developing countries to establish grain legume agro-processing facilities for rural farmers. India, in its
efforts to encourage grain legume production, made available more than 10,000 small-scale grain legume
mills [158]. Though this is incomparable to cereal hullers and mills (>200,000), it served as a starting
point [158]. Developing countries should embark on similar projects to facilitate agro-processing in
rural areas and make grain legume products more available at low cost. To realize this, research,
development and innovation should support the development of acceptable standards, branding and
marketing. Promotion of agro-processing could create business opportunities for rural farmers [159].

4.4. Marketing

Ultimately, within the value chain, there must be a market to consume the grain legume
products. Marketing structures are divided into three levels—(i) the traditional/local market;
(i) wholesaler /processor market; and (iii) the retailer market. For grain legumes in the rural areas of
semi- and arid tropics, the traditional market is the dominant market level. Major grain legumes are
available on both the traditional and retail market while minor grain legumes are only found on the
traditional market [160]. On the traditional market, grain legumes are sold whole with minimum value
addition. As a result, they do not fetch a high price and products move slowly due to limited utilization.
This discourages farmers from producing surplus grain legumes hence resorting to growing cereals.
Cereals have a higher demand on all market levels hence they sell fast. This makes it attractive for
subsistence farmers as they are guaranteed to sell their product.

Cereals have also enjoyed much innovation with regards to their agro-processing. There is a wide
variety of cereal products thus attracting a wider market and ultimately increasing utilization. The number
of grain legume products are only one-third of the number of cereal products [161]. This is further evidence
that cereals are more utilized than grain legumes. To increase grain legume utilization, the same strategy
of product diversification could be employed. This will broaden the grain legume market and ultimately
increase utilization. However, product diversification is highly dependent on agro-processing.
Currently, agro-processing has only focused on a few major grain legumes. Effective product
diversification will require inclusion of minor grain legumes. Minor grain legumes are currently
being manually processed by farmers in rural areas implying that there is scope for agro-processing in
these grain legumes. There is need for investments in research, development and innovation in order
to establish successful and sustainable large- and small-scale grain legume agro-processing facilities.
However, such development should pay attention not to exclude rural farmers.
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Rural farmers are the primary producers of grain legumes. The majority of them continue to live in
poverty and are the most vulnerable to food and nutrition insecurity [138]. The current marketing and
distribution channels for value-added grain legumes have not benefitted rural farmers. Value added
products are expensive in retail stores and the traditional market offers limited utilization. Thus,
promotion of grain legume agro-processing as a strategy to market grain legumes should include
rural farmers as they are the main target of strategies to alleviate food and nutrition security. This will
benefit rural farmers through (i) product diversification which will ultimately increase utilization and
subsequently improve protein intake in households; and (ii) provide value added products that will
attract a wider market and that will sell faster, thereby translating to increased household income.

4.5. Grain Legumes: Opportunities and Constraints

The grain legume research value chain has largely focused on grain legumes of regional economic
importance. With approximately 30 grain legume species being grown in the semi- and arid tropics,
only less than 50% of these have received significant research attention. This is mainly because research
funding has favored a few major grain legumes (chickpea, dry bean, cowpea, fababean, groundnut,
lentil, pigeon pea and soybean). These grain legumes are also part of the CGIAR’s mandate crops, hence
they have received significant research attention compared to other minor grain legumes [162,163].
There is an opportunity to increase the grain legume basket by tapping into the potential of other
minor grain legumes. Thus far, there is scant documented information on these crops due to lack of
funding to support research, development and innovation on these crops.

Breeding and crop improvement of grain legumes has been limited by the poor demand of seed.
In semi- and arid tropics, farmers continue to recycle their own seed. Failure by breeders to improve
farmers’ varieties and tap into certain beneficial traits has confined the production of minor grain
legumes to the ecological niches where they have been conserved. The semi- and arid tropics are rich
in grain legume biodiversity which is currently underutilized. With increased promotion of grain
legumes there is an opportunity to exploit these genetic resources. This could result in development
of high-yielding cultivars that are suitable for growing in water scarce environments. The reported
low yields of grain legumes have made them unattractive for farming. The low yields could also be as
a result of lack of improved cultivars and farmers” agronomic knowledge which is mostly based on
indigenous knowledge.

Soil fertility is one of the major challenges in rural cropping systems [164]. Grain legumes fix
nitrogen, a unique feature that makes them important under marginal conditions. While nitrogen
fixation is a key point for the promotion of grain legumes, there is poor understanding that nitrogen
fixation is influenced by other factors such as presence of nitrogen fixing bacteria, lack of other soil
nutrients and abiotic stresses [45,165]. Also, as previously alluded to, nitrogen fixation is often limited
by the lack of inoculants in rural cropping systems. Water is the most limiting resource in agriculture;
this has led to crop failures, poor yields, and high levels of aflatoxins and ANFs in major grain legumes.
Several minor grain legumes are more drought tolerant and water use efficient than major grain
legumes and offer opportunities for cultivation in dry areas where water is most limited. This would
imply that their ability to fix nitrogen would be less sensitive to water stress as well; however, there is
a need to test such a hypothesis. In this regard, they also offer opportunities for addressing food and
nutrition insecurity in marginal agricultural production areas where most major crops may fail.

Grain legumes are nutritious and have the potential to improve nutritional status of the rural poor.
However, most published nutrition values are derived from raw seeds. There is need for research that
assesses the nutritional profile of grain legumes after processing as this would be more informative
to dietary intake. Most grain legumes are characterized by long cooking time and are processed
differently by cultures of semi- and arid tropics. Long cooking time often creates challenges as it means
more water and energy are required to prepare them—resources that are equally scarce in rural areas.
This suggests that there are opportunities for breeders, agronomists and nutritionists to work together
to unlock such challenges. This would lead to improved utilization of grain legumes.
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Owing to their long shelf life, legumes are available throughout the year thus offering a more
sustainable protein source for poor rural farmers. However, even with this characteristic, given the
reported challenges with post-harvest handling and storage, grain legumes are not reaching their
potential shelf life. There are opportunities for agricultural engineers to develop low-cost post-harvest
technologies for use in rural areas. Improving storage could serve as incentive for farmers to produce
more of a crop as they know they can store it for longer periods.

The market for grain legumes, in particular minor grain legumes, remains underdeveloped.
This confines their utilization to the niche areas in which they are produced. Consequently, grain legumes
have become a poor and slow income-generating source for rural farmers, acting as a disincentive
to their continued production despite the benefits associated with them. Opportunities that exist
in agro-processing could lead to the opening of new markets through value addition and product
diversification. Improved income realized from agro-processing could promote autonomous pathways
out of poverty for poor rural households.

5. Recommendations

There is a large diversity of grain legumes that fit into various agro-ecologies. This implies that
grain legumes can be grown in various environments. Focusing on a few specific grain legumes leaves
farmers with limited choices and forces farmers to grow them in unsuitable environments and risk
crop failure. If grain legumes are to be promoted to increase dietary diversity, then there is need
to broaden the grain legume basket by increasing research, development and innovation on other
minor grain legumes. While regionally important grain legumes have received breeding attention
compared to other minor grain legumes, there is still need for pre-breeding to develop new gene
pools for all grain legumes. This will be followed by breeding and commercialization of cultivars that
are nutrient dense and well-adapted to semi- and arid conditions. Breeding efforts and subsequent
commercialization of minor grain legumes should recognize the role played by farmers in rural areas
and create opportunities for meaningful access and beneficiation.

There should be more integration of indigenous and scientific knowledge to allow rural farmers to
improve grain yield and quality. It has been realized that soil fertility is a constraint in rural cropping
systems and that grain legumes have the ability to improve soil fertility. To improve soil fertility,
legumes should be incorporated into cropping systems through relay cropping, intercropping, crop
rotations or double cropping. Researchers need to make practical recommendations based on water use
and water productivity of grain legumes and focus on improving crop water productivity. This should
include minor grain legumes that are indigenous to semi- and arid conditions as they have been
observed to be more drought tolerant when compared to major grain legumes.

6. Conclusions

There is a high prevalence of food and nutrition insecurity in semi- and arid tropics. Measures to
increase food production should create a balance between increasing productivity, water scarcity and
nutrition. The fact that grain legumes are rich sources of proteins and micronutrients suggests that
they have a role to play in contributing to food and nutrition security in poor rural communities.
Use of grain legumes for both human and animal consumption provides an opportunity to improve
sustainability of crop-livestock systems in the semi- and arid tropics. The large diversity of grain
legumes makes them adaptable to a range of environments, especially marginal agriculture production
areas. However, a poorly developed and understood value chain currently limits the realization of
this potential. Aspects of their breeding, seed systems, production, marketing and utilization are not
well explained. This is mostly the case for minor legumes which incidentally hold the most potential
for improving food and nutrition security in semi- and arid areas. Focusing on the value chain could
aid researchers to identify and unlock barriers for the promotion of legumes in semi- and arid tropics.
Despite the large diversity of grain legumes, research has been biased towards major grain legumes.
Ironically, the minor grain legumes are the ones indigenous to semi- and arid tropics and hence are
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more adaptable to water-scarce conditions. There is need to increase the legume basket by adding
minor grain legumes. This will also act as a buffer when major grain legumes are not successful due
to drought.
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