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Abstract: Agriculture is under pressure to produce greater quantities of food, feed and
biofuel on limited land resources. Current over-reliance on a handful of major staple crops
has inherent agronomic, ecological, nutritional and economic risks and is probably
unsustainable in the long run. Wider use of today’s underutilized minor crops provides
more options to build temporal and spatial heterogeneity into uniform cropping systems
and will enhance resilience to both biotic and abiotic stress. Many traditional vegetables
and underutilized legume crops are an essential source of vitamins, micronutrients and
protein and, thus, a valuable component to attain nutritional security. Vegetables in general
are of considerable commercial value and therefore an important source of household
income. Significant research, breeding and development efforts are needed for a range of
promising crops to convert existing local landraces into competitive varieties with wide
adaptation and promising commercial potential. Access to genetic diversity of these
selected crops is a pre-condition for success. Three underutilized minor crops—amaranth,
drumstick tree, and mungbean—are highlighted and briefly described. All three crops
are well-represented in AVRDC’s genebank with substantial inter- and intra-specific
genetic diversity, and already have demonstrated their potential for wider adoption and
commercial exploitation.
Keywords: underutilized traditional vegetables; food and nutritional security; income
generation; sustainable production systems; climate change; crop diversification; amaranth;
drumstick tree; mungbean
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1. Introduction
Agriculture is under increasing pressure to produce greater quantities of food, feed and biofuel on
limited land resources for the projected nine billion people on the planet by 2050 [1]. It is envisioned
that agricultural production has to increase by 70% by 2050 to cope with an estimated 40% increase in
world population [2]. Ninety percent of this growth is expected to result from enhanced cropping
intensity and higher crop yields, while the remainder has to be produced on land currently not used for
agricultural production. While this conservative estimate is the outcome of a 2009 expert consultation
with regard to national and regional demand trends, another group forecast a 100%–110% increase in
global crop demand from 2005 to 2050 based on quantitative global trends in per capita demand that
emphasize income-dependent food choices [3].
As economies develop, there is generally an increased demand for calories and protein derived from
animal products [4] and this can be clearly demonstrated by the dramatic rise in meat consumption in
China, which increased by a factor of 5.5 in less than 20 years (from 1990 to 2009). China is now well
above the 2009 average meat consumption worldwide and more than double the 2009 average meat
consumption in Asia [5]. The increasing demand for animal products in the diet is a major driver for
greater demand for pasture as well as for crops grown for animal feed. The low efficiency with which some
types of livestock, especially cattle and pigs, convert crop calories and protein into edible food further
aggravates this trend [1,6]. As expansion of pastures is difficult with limited agricultural land resources,
livestock production might shift to more cereal intensive feeding technologies, thus further increasing
world cereal feed demand well above the projections made by international organizations [3,4].
Furthermore, there is evidence that the production of biofuels from grain crops is another driver for
stronger competition for land, water, and energy—resources that are vital for food production [7].
2. Crop Intensification vs. More Diverse, Sustainable Production Systems
The required growth of agricultural production could be achieved by following the current trend of
greater agricultural intensification and yield improvements in developed countries and additional
land clearing in poorer countries with lower agricultural output per unit area. This would lead to an
increase of global land clearing of natural ecosystems to a total of about one billion ha by 2050,
global agricultural greenhouse gas emissions to approximately 3 Gt per year of CO2-carbon
equivalents, and global N use to about 250 Mt per year [3]. The production gains would come at the
expense of dramatic global environmental impact through a 2.4–2.7-fold increase in nitrogen- and
phosphorous-driven eutrophication of terrestrial, freshwater and near-shore marine ecosystems
and comparable increases in pesticide use [8]. Eutrophication and habitat destruction would lead
to massive loss of biodiversity and ecosystem services and, consequently, loss of quality of life
for mankind.
An alternative approach would be a moderate, sustainable intensification in existing croplands,
especially in regions or countries with relatively low yields, and by closing the yield gap between
potential and actual farm yield [1,9]. This can be achieved through the development of new
technological improvements such as precision agriculture to optimize the use of inputs [10] and the
adaptation and transfer of existing high-yielding technologies to low-yielding croplands. This approach
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would require a modest land clearing of 200 million ha by 2050, greenhouse gas emissions of one Gt
per year, and global N use of 225 Mt annually [3].
Crop and livestock intensification is hardly possible without negative externalities—effects on the
environment or economy that are not reflected in the cost of producing food. These effects include the
release of greenhouse gases such as methane and nitrous oxide, which are more harmful to the
environment than CO2 [11]. Other negative effects include environmental pollution due to nutrient and
pesticide run-off, water shortages due to over-extraction, soil degradation and the loss of biodiversity
through land conversion, monocropping or inappropriate management. Ecosystems may also be
disrupted by overexploitation of fish resources or extraction of other aquatic foods [12].
The Living Planet Index, which reflects changes in the health of the earth’s ecosystems, declined
between 1992 and 2012 by 12% at the global level and by 30% in the tropics [13]. The dramatic decline
in the tropics is indicative of a severe degradation of biodiversity due to high deforestation rates of
primary forest and transformation into agricultural land and pasture [14]. There are also fears that the
current model of biodiversity governance and standardized biodiversity assessment and monitoring
with a major focus on market-based instruments can lead to the marginalization of agroecosystems as
essential habitat for biodiversity. Standardized assessments naturally find more value in ―wild‖ areas
given their larger numbers of endemic species [15]. Agriculture, agroforestry systems, pastoral lands
and silviculture cover a major portion of the planet. These cultivated systems may have a major impact
on conservation outcomes if properly considered and integrated into biodiversity governance. The recent
focus on sustainable food systems requires the integration of agroecosystems, agricultural and
associated wild biodiversity into overall biodiversity management schemes. Cultivated and associated
wild biodiversity is the foundation of productive, sustainable and resilient food systems [16,17].
There are several ways to reduce the negative externalities of agriculture and to move towards
sustainable intensification of crop production. Sustainability implies the use of resources at rates that
do not exceed the capacity of the planet to regenerate them [1]. Juma and co-workers [18] list six
sustainability measures for sustainable intensification of agriculture: (a) same or less land and water use;
(b) efficient, prudent use of inputs; (c) minimized greenhouse gas (GHG) emissions; (d) increased natural
capital; (e) strengthened resilience; and (f) reduced environmental impact. Sustainable intensification
can thus be defined as producing more outputs with more prudent use of all inputs—on a durable
basis—while reducing environmental damage and building resilience, natural capital and the flow of
environmental services [19].
Net reductions in some greenhouse gas emissions might be possible by a more thorough adoption of
integrated pest management methods, the integrated management of waste in livestock production,
and the introduction and enhanced use of agroforestry systems. Soil conservation methods such as zero
or reduced tillage, contour farming, and the use of mulches and cover crops will improve water
retention and reduce soil erosion. However, these practices may not lead to increased soil carbon
storage or to reduced emissions of nitrous oxide. Precision agriculture will be a useful tool towards
sustainable agriculture by maximizing the use of inputs and minimizing waste and run-offs of nutrients
and pesticides.
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3. Crop Diversification
Only three crops—wheat, rice and maize—covered 555 million ha or 40% of all arable land
globally in 2011 [3,20] delivering more than 50% of human calorie intake [4,20,21]. The 10 largest
international seed companies, which control two-thirds of the global seed market, focus exclusively on
major staple crops to ensure high returns on investments [20]. The lower license fees paid to the
self-pollinating wheat crop makes this crop less attractive for breeders [9] and may lead to a further
concentration on only two out of the three dominating crops [20].
Reliance on a handful of major crops has inherent agronomic, ecological, nutritional and economic
risks and is probably unsustainable in the long run, especially in view of global climate change.
It is now generally accepted that climate change will have a major impact on both biotic and
abiotic stresses in agricultural production systems and threaten yield and crop sustainability [22].
Greater diversity, which builds spatial and temporal heterogeneity into the cropping system, will
enhance resilience to abiotic and biotic stresses [23]. There are many examples of successful pest and
disease suppression and buffering against climate variability in more diverse agroecosystems [24].
Diversified agroecosystems can be achieved in various ways: (a) through intraspecific genetic diversity
in monoculture systems (of rice, for example); (b) increased structural diversity in monocultures by
diversifying the plant age structure or strip-cutting fields so that natural enemies have a temporal and
spatial refuge; (c) diversifying crop land by growing grass strips or vegetation banks between and
alongside monocultures as a refuge for natural enemies; (d) temporal diversity can be achieved by
rotating cereal crops with broadleaf and nitrogen-fixing crops; (e) crop diversification by growing
compatible crop mixtures—two or more crop species—in the same field is reported to lead to disease
suppression, climate change buffering and increased production; (f) growing crops and trees together
in agroforestry systems provides spatial and temporal diversity; (g) development of larger-scale
diversified landscapes at the farm or landscape level by integrating farmland with agroforestry,
livestock and silviculture [22].
A recent study undertaken by Bobojonov and co-workers [25] in the Khorezm region of
Uzbekistan, representative of the irrigated lowlands of Central Asia, looked at the options and
constraints for crop diversification. Approximately 70% of the area in this region is used for irrigated
cotton and winter wheat under a state procurement mandate. The diversification into other crops like
sorghum (Sorghum bicolor), potato (Solanum tuberosum), indigo (Indigofera tinctoria), mungbean
(Vigna radiata), and maize (Zea mays) could lead to sustainable agriculture in the irrigated areas of
Central Asia by enhancing economic, ecological, and social conditions. Cropping system experiments
conducted in the US Corn Belt revealed that the diversification of the dominant corn-soybean cropping
pattern with small grains and forage legumes can result in a significant decrease in the use of
agrochemicals and fossil hydrocarbons without having a negative impact on yield and profitability [26].
Other environmental benefits such as improved soil and water conservation, better nutrient retention,
and higher populations of native plants and birds can be obtained by converting small amounts of crop
land to natural mixed grassland buffer strips. Furthermore, the integration of native perennial plant
species such as trees, different grasses and mixtures of multiple grassland species into the
agroecosystem has two major benefits: it can generate large amounts of biofuel feedstocks and at the
same time increase soil carbon storage and decrease nitrogen emissions into drainage water [26].
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Perennial species are sources of lignocellulose in contrast to the starch substrates derived from
conventional corn production for biofuel purposes. Biodiverse agroecosystems are therefore seen as a
viable strategy to increase agroecosystem health and enhance resilience in the US Corn Belt.
4. The Importance of Underutilized Traditional Crops for Sustainable Food Production and
Nutritional Security
In contrast to the above-mentioned major staple crops, underutilized, undervalued or neglected
crops—also branded development opportunity crops (DOCs) [27]—are categorized in this article as
―minor crops‖ that are already cultivated, but are underutilized regionally or globally given their still
relatively low global production and market value [20,28,29]. Some of these crop species may be
widely distributed globally, but are restricted to a more local production and consumption system.
Many of these traditional crops grown for food, fiber, fodder, oil and as sources of traditional medicine
play a major role in the subsistence of local communities and frequently are of special social, cultural
and medicinal value. With good adaptation to often marginal lands, they constitute an important part of
the local diet of communities providing valuable nutritional components, which are often lacking in
staple crops [29].
As a result of the Green Revolution, many of those local, traditional crop species and varieties have
been replaced by high-yielding staple crop cultivars developed by modern breeding programs.
Traditional crops typically do not meet modern standards for uniformity and other characteristics as
they have been neglected by breeders from the private and public sectors [20]. Thus they tend to be
less competitive in the marketplace compared with commercial cultivars. Landraces and crop wild
relatives have hitherto been increasingly valued and exploited for genes that provide increased biotic
resistance, tolerance to abiotic stress, yield and quality [16,17,30]. However, use of agricultural
biodiversity should not be restricted to exploiting valuable genes for use in breeding programs if our
aim is to create more robust and resilient production systems. Currently underutilized food sources
ranging from minor grains and pulses, root and tuber crops and fruits and vegetables to non-timber
forest products have the potential to make a substantial contribution to food and nutrition security, to
protect against internal and external market disruptions and climate uncertainties, and lead to better
ecosystem functions and services, thus enhancing sustainability [31]. A wider use of neglected and
undervalued crops and species, either intercropped with main staples in cereal-based systems or as
stand-alone crops, would provide multiple options to build temporal and spatial heterogeneity into
uniform cropping systems, thus enhancing resilience to biotic and abiotic stress factors and ultimately
leading to a more sustainable supply of diverse and nutritious food.
Many traditional or indigenous vegetables are characterized by a high nutritional value compared
with global vegetables like tomato and cabbage [32]. As source of essential vitamins, micronutrients,
protein and other phytonutrients, traditional vegetables and underutilized legume crops such as
mungbean have the potential to play a major role in strategies to attain nutritional security.
Experiments with home gardens in India including about two dozen vegetable species have shown that
a small area of 6 m × 6 m can provide much of the vitamin A and C requirement for a family of four
during the entire year [32]. Apart from the provision of essential vitamins, many of the vegetable crops
included in home garden kits are known to be naturally nutrient-dense [33,34]. Community-based seed
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conservation and multiplication has been used in the Philippines as an approach to enhance the adoption
of nutrient-dense traditional vegetables and to generate additional farm income [35]. Given the high
farmer acceptance, the continuation and expansion of this approach to the entire Bicol region has been
proposed under the Regional High Value Commercial Crops (HVCC) Program of the Department of
Agriculture to ensure the availability of high quality traditional vegetable seed for home garden and
commercial production.
Apart from their commercial, medicinal and cultural value, traditional vegetables are also
considered important for sustainable food production as they reduce the impact of production systems
on the environment. Many of these crops are hardy, adapted to specific marginal soil and climatic
conditions, and can be grown with minimal external inputs [36,37]. This is the case, for example, in
the southern part of Rajasthan, India where due to the harsh climatic conditions only robust,
drought-tolerant traditional vegetables with short growth cycles such as Cucumis melo var. agrestis
(kachri) can survive and produce food [38].
5. Income Generation
Vegetables in general, but also many traditional vegetables such as amaranth (Amaranthus spp.),
jute mallow (Corchorus olitorius), African nightshade (Solanum scabrum), Asian (Solanum melongena)
and African (Solanum aethiopicum) eggplant, drumstick tree (Moringa oleifera), bitter gourd
(Momordica charantia), water spinach (Ipomoea aquatica), Chinese kale (Brassica oleracea var.
alboglabra), edible rape (Brassica napus), roselle (Hibiscus sabdariffa), Malabar spinach (Basella alba),
slippery cabbage (Abelmoschus manihot), winged bean (Psophocarpus tetragonolobus) and many
gourd species are of considerable commercial value and thus can make a significant contribution to
household income. Hughes and Ebert [37] cite a number of examples of profitable cultivation of
traditional vegetables in East and West Africa such as worowo (Solanacio biafrae), cockscomb
(Celosia argentea), African eggplant (Solanum macrocarpon), and amaranth.
Value addition by applying appropriate production and postharvest techniques ensures that high
quality produce reaches the market and satisfies consumer expectations. Consumer studies with regard
to the purchase and consumption of kale (B. oleracea) in Nairobi, Kenya revealed that urban kale
consumers care most for nutritional, sensory and safety attributes of the produce [39]. The highest
estimates of willingness to pay more for the safety attribute of leafy vegetables were found in high-end
specialty stores (68%), followed by open-air markets (39%), supermarkets (34%), and roadside
markets (28%).
In Eastern Africa and Southeast Asia selected traditional vegetables are becoming an increasingly
attractive food group for the wealthier segments of the population and are slowly moving out of the
underutilized category into the commercial mainstream [40]. Attracted by the strong market demand,
seed companies are beginning to explore and develop these popular crops, thus strengthening the
formal seed sector [41].
6. Examples of Underutilized Vegetables and Legume Crops with Potential
Not all traditional and underutilized crops can simply and easily be turned into commercial success
stories. Significant research, breeding and development efforts are needed to convert existing local
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landraces of carefully selected, promising crops into varieties with wide adaptation and commercial
potential [20,28]. An overview of breeding efforts and application of biotechnology tools such as
micropropagation, molecular marker studies and genetic transformation for the improvement of
underutilized crops has recently been provided by Ochatt and Jain [28] and Jain and Gupta [29].
Access to genetic diversity of selected crops, either in situ or ex situ, is a pre-condition for success.
Two underutilized traditional vegetable crops—amaranth and drumstick tree—and the underutilized
legume crop mungbean are highlighted and briefly described. As indicated in section four, the term
―underutilized‖ used here refers to as yet low global production and market value. All three crops have
the potential to assume a more important role globally in the sustainable supply of diverse and nutritious
food if given appropriate attention by plant breeders. The highlighted crops are well represented in
AVRDC’s genebank with substantial inter- and intra-specific genetic diversity [42], and all three crops
already have demonstrated their potential for wider adoption and commercial exploitation.
6.1. Amaranth
Amaranth (Amaranthus spp.) is widely grown as a leafy vegetable and for grain production in many
tropical countries in Africa, Central and South America, Mexico and parts of Asia. The genus
Amaranthus consists of about 60 species, some of which have been cultivated for more than
5000 years [43]. The main grain species are A. hypochondriachus (Prince’s feather), A. cruentus
(purple amaranth), and A. caudatus (Inca wheat), all of which have their center of origin in
Mesoamerica and South America [43,44]. The following species are well-known as leafy vegetables:
A. blitum (livid or slender amaranth; origin: Mediterranean region in Central Europe), A. dubius,
(spleen amaranth; origin: tropical America), and A. tricolor; origin: tropical Asia) [43–45]. Although
originally known as cereal amaranth, A. cruentus is now the main vegetable amaranth in Africa, and to
a lesser extent is also found in Asia [46].
Amaranth is ready for harvesting between 20 to 45 days after transplanting or sowing, depending on
the variety and harvest season [44]. While low yields of leafy vegetables of less than 1.2 t/ha [47] are
common in Africa, leafy amaranth has a yield potential of 32–40 t/ha and, therefore, is highly
competitive [48]. Heavy rainfall in connection with typhoons often inflicts severe damage to leafy
vegetables grown in typhoon-prone countries in East and Southeast Asia. To avoid or reduce such damage,
production is moving into plastic houses in Taiwan during the summer months with temperatures
inside often reaching up to 40 °C. Amaranth, cucurbits, and water spinach (Ipomoea aquatica) are
some of the few crop choices under such extreme conditions [49,50]. Water spinach proved to be heat
tolerant and amaranth moderately heat tolerant, while the majority of vegetable crops were either heat
sensitive or only slightly heat tolerant as indicated by the membrane stability of vegetable leaves [50].
As a C4-cycle plant, amaranth can sustain high photosynthetic activity and water use efficiency under
high temperatures and high radiation intensity, making it an ideal crop for abiotic stress conditions
under changing climates [49].
Amaranth is a very nutritious leafy vegetable, both in raw and cooked form. The nutritional value of
this crop is comparable to spinach, but much higher than cabbage and Chinese cabbage [44]. Amaranth
is increasingly gaining importance both for household consumption and commercial production in
Africa and Asia. There is a good market potential for this crop, both in the high-price and low-price
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segments. A small plot of amaranth of only 500 m2 can earn a farmer in Tanzania a supplementary
income of US$250 a year [37]. Amaranth has made its way from Tanzania into supermarkets in
neighboring Nairobi, Kenya and the hotel catering business. Amaranth is often produced with
relatively low inputs and thus has low capital risk for small-scale farmers. Commercial seed companies
have recognized this market potential and are now including amaranth in their product portfolio.
Given the inter- and intra-specific diversity of cultivated amaranth, this crop is an ideal choice for crop
diversification, sustainable food production and nutrition security.
6.2. Drumstick Tree
The Moringaceae family comprises 13 species that fit into three broad life forms with distinct
geographic origins [51]. Four species belong to the group of bottle trees with bloated water-storing
trunks: Moringa drouhardii (Madagascar), M. hildebrandtii (Madagascar), M. ovalifolia (Namibia and
southwest Angola), and M. stenopetala (Kenya and Ethiopia). Another three Moringa species are
characterized by slender trees with a tuberous juvenile stage: M. concanensis (India), M. oleifera (India),
and M. peregrina (Red Sea, Arabia, Horn of Africa). The remaining six tuberous Moringa species
are found in northeast Africa: M. arborea (northeast Kenya), M. borziana (Kenya and Somalia),
M. longituba (Kenya, Ethiopia, Somalia), M. pygmaea (northern Somalia), M. rivae (Kenya and
Ethiopia), and M. ruspoliana (Kenya, Ethiopia, Somalia) [51].
M. oleifera is the predominant cultivated species of the Moringaceae family. It is widely grown in
the tropics of Asia, Latin America, the Caribbean and sub-Saharan Africa, and can also be found in
Florida and the Pacific Islands. It is a perennial softwood tree native to the sub-Himalayan ranges of
India, Pakistan, Bangladesh and Afghanistan [52]. Moringa has already reached the status of an
economically important crop in India, the Philippines, Ethiopia, and Sudan [52].
Food uses. Most parts of the tree are edible. The leaves and flowers are eaten as salad, as cooked
vegetables, or added to soups and sauces or used to make tea [53,54]. The young, tender pods—known
as drumsticks—are highly valued as a vegetable in Asia and also are pickled [55]. Fried seeds taste
like groundnuts. The root bark has a pungent taste similar to horseradish (Armoracia rusticana) and is
used as a condiment. Dried leaf powder is a good option to supplement diets of children and pregnant
and lactating women [53]. For example, moringa leaf powder is added to a soybean and
groundnut/peanut paste to form an energy-dense supplemental food known as ready-to-use food (RUF)
for treatment of severe acute malnutrition [56].
Nutritional content. Moringa has a high nutrient density and is rich in many essential micronutrients
and vitamins as well as antioxidants and bioavailable iron. It excelled among 120 species of Asian
traditional vegetables tested for their content of micronutrients and phytochemicals, antioxidant
activity (AOA), and traditional knowledge of their medicinal uses [57]. Moreover, it is easy to grow,
has excellent processing properties, and good palatability [58]. Drying moringa leaves in a low
temperature oven at 50 °C for 16 hours maintained most nutrients and phytochemicals, except vitamin
C. Boiling fresh moringa leaves and dried powder in water enhanced aqueous AOA and increased
bioavailable iron by 3.5 and 3 times, respectively [57].
Medicinal uses. The Moringa family is rich in glucosinolates and isothiocyanates [59,60].
Isothiocyanates are highly reactive compounds that inhibit mitosis and stimulate apoptosis, a
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physiological process eliminating DNA-damaged, unwanted cells in human tumor cells, and are therefore
important to human health [61]. A recent analysis of the glucosinolate content of four moringa species
maintained in the AVRDC field genebank revealed that M. oleifera had a 3-fold higher glucosinolate
concentration than M. stenopetala, ranking second among the four species tested [62].
Dietary or topical administration of moringa in the form of extracts, decoctions, creams, oils,
powders, and porridges have been reported in the scientific literature as having antibiotic,
antitrypanosomal, hypotensive, antispasmodic, antiulcer, anti-inflammatory, hypo-cholesterolemic,
and hypoglycemic activities [52]. Moringa powder has been recommended as an immune stimulant in
HIV/AIDS treatment [63]. In folk medicine, moringa flowers, leaves, and roots are used for the
treatment of various tumors, and seeds are specifically used to treat abdominal tumors [64]. A dramatic
reduction in skin papillomas was observed following ingestion of moringa seedpod extracts [65].
Agronomic and horticultural uses. Moringa can be planted as a windbreak or living fence [66].
It has potential in alley cropping and as a component of agroforestry systems for sustainable vegetable
production [67]. In some parts of Southeast Asia the tree is used as a support for climbers such as yams
(Dioscorea spp.), beans (Phaseolus spp.), and black pepper (Piper nigrum). Moringa can be
intercropped with a range of vegetables such as cluster bean (Cyamopsis tetragonoloba), hot pepper
(Capsicum spp.), cowpea (Vigna unguiculata), and onion (Allium cepa). The leaves and twigs also
serve as forage for livestock [54]. Moringa is grown as an ornamental tree in Latin America, the
United States, and Africa [66].
Industrial uses. Moringa seed contains about 40% oil, known as ben oil. The oil is non-drying,
resists rancidity, and is used for cooking, lubrication, and in the cosmetic industry [53]. The leftover
pressed cake or ground moringa seeds are used to purify drinking water and to flocculate
contaminants [52,54]. The wood can be used for dying (blue color) [53]. The coarse fiber of the trunk
is suitable for making mats, cordage, and paper [68].
Among 75 traditional plant-derived oils tested in India for biofuel production, the oil derived from
M. oleifera showed good potential [69]. The aptness of moringa oil for biofuel production was
confirmed in a specific study using M. oleifera seeds from Pakistan [70]. Biodiesel obtained from
moringa oil is characterized by a high cetane number of 67, one of the highest among biodiesel fuels.
Moringa is a fast-growing tree that adapts well to hot, semi-arid regions with as little as 500 mm
annual rainfall [54]. It also tolerates occasional wet or waterlogged conditions for a short period of
time [68], but prolonged flooding leads to a significant loss of plants [71]. In general, moringa grows
best in lowland cultivation, but it also adapts to altitudes above 2000 m.
Greater use of moringa has good potential in the fight against hunger and malnutrition in the
developing world by improving nutrition and health of the rural and urban poor, increasing incomes of
smallholder farmers, and enhancing environmental services by controlling soil and wind erosion, and
providing shade and clean water. Given its multiple uses and wide range of adaptability, moringa is an
ideal crop for sustainable food production that would thrive as the climate changes.
6.3. Mungbean
The highest global production and consumption of pulses consisting mainly of chickpea, pigeonpea
and mungbean is found in South and Southeast Asia. Mungbean, Vigna radiata var. radiata, is a
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relatively important legume crop in South and Southeast Asia, but is also known and grown in Africa
and the Americas on a still relatively small scale. The annual mungbean production currently reaches
more than six million hectares worldwide. This is already a significant level of production for an
underutilized crop, however, insignificant when compared with the area covered by the major cereal
crops. Half of the worldwide mungbean production is generated in India (3 million hectares), followed
by China and Myanmar [72]. Mungbean is a good source of dietary protein with high contents of folate
and iron compared with many other legume crops [73]. As it is a short duration legume, it fits well into
the fallow period between rice-rice, rice-wheat, rice-potato-wheat, maize-wheat, cotton, and other cash
crop cropping systems in use across the Indo-Gangetic plain. Planting mungbean improves soil
properties and provides additional nitrogen to subsequent crops. The yield of rice following a
mungbean intercrop can increase by up to 8% through the nitrogen fixed by mungbean in the soil and
due to reduced pest and disease pressure [74].
The genus Vigna subgenus Ceratotropis consists of 17 recognized species that are naturally
distributed across Asia and are, therefore, also referred to as Asian Vigna [75]. Among those 17 species,
eight species are considered as cultivated or semi-domesticated (the number of respective accessions
held in the AVRDC genebank are given in parenthesis): V. radiata (mungbean; 6737); Vigna mungo
(black gram; 853); V. angularis (azuki bean; 2376 accessions); V. umbellata (rice bean; 369 accessions);
V. aconitifolia (moth bean; 22 accessions); V. trilobata (pillipsesara bean; 2 accessions); V. stipulacea;
V. glabrescens (Lentille de créole; 3); and V. trinervia [42,75]. Other wild Vigna species held in
AVRDC’s collection are: V. caracalla (1); V. luteola (2); V. marina (3); V. parkeri (1); V. spp.
(189 accessions with unidentified species); and V. vexillata (2).
In the 1980s the International Board for Plant Genetic Resources (IBPGR) designated AVRDC as
the international research and development center with responsibility for the maintenance of the global
base collection of mungbean. The AVRDC collection currently consists of 6737 well-characterized
accessions [42]. The AVGRIS characterization database contains detailed descriptions of 9198 accessions
and sub-accessions, an indication that in this crop many sub-accessions have been created due to clear
variations of mainly seed characteristics in the original accessions.
The majority of the mungbean accessions have been evaluated for morphological and agronomic
characteristics, nutritional composition, and resistance or tolerance to major pests and diseases under
replicated yield trials. Significant genetic divergence was found when comparing AVRDC mungbean
lines with varieties grown in India, offering a sound basis for further varietal improvement [76].
Thirty years ago, mungbean was still a semi-domesticated crop cultivated on marginal land with
minimal external inputs. Early cultivars were indeterminate requiring multiple harvest cycles and
reached maturity in 90–110 days [77]. They were highly susceptible to diseases and insect pests, had
problems with pod shattering, and yielded only about 400 kg/ha of small seed. AVRDC played a
significant role in the full domestication of the crop and in the development of short-duration
mungbean lines in Asia with a maturity period of 55–65 days, thus easily fitting into cereal-dominated
cropping systems [78]. Major breeding objectives of the early mungbean improvement program at
AVRDC were lines with stable, high yield, determinate growth habit, early and uniform maturity, bold
seeds, less sensitivity to photoperiod and temperature and resistance to diseases and insect pests.
Germplasm sources from the Philippines and India were instrumental in the development of improved
varieties for Southeast Asia. The gene pool from India contributed resistance to Cercospora leaf spot
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and powdery mildew while the accessions from the Philippines provided traits for high yield, uniform
maturity, earliness and bold seed [77].
Further improvement was done by incorporating resistance to Mungbean yellow mosaic virus (MYMV)
from resistant lines developed in Pakistan. New improved mungbean varieties with resistance or
tolerance to MYMV, early and uniform maturity, and large-size seed have been subsequently released
to farmers in South Asia. The introduction of these new lines to National Agricultural Research and
Extension Systems (NARES) was achieved through the AVRDC International Mungbean Nursery,
which supplied promising lines annually for local screening and evaluation. The yield potential of
AVRDC-derived mungbean cultivars has doubled, pod maturity at first harvest has increased to 80%,
plants are less sensitive to photoperiod, and resistance to pests and diseases has increased. These
agronomic qualities favored the wide adoption of the new cultivars. Recent variety releases in South
Asia are listed in a publication by Chadha [78].
Mungbean production in Asia increased by 35% from 2.3 million t in 1985 to 3.1 million t in 2000
due to the introduction of improved AVRDC-derived lines [74]. Close to 1.5 million farmers in Asia
adopted improved mungbean varieties on 50 to 95% of total mungbean area between 1984 and 2006,
realizing a yield increase of 28%–55% [77]. During the same period consumption of mungbean
increased 22%–66%, benefitting 1.5 million anemic children and leading to an estimated economic
benefit due to the improved health of anemic women of US$3.5 million to US$4 million per country [77].
With an average yield of about 400 kg/ha, the productivity of mungbean is still relatively low,
although it is similar to other pulse crops. Broadening the genetic base by selecting parents from
diverse cultivated and interspecific backgrounds is of great importance to achieve productivity
gains [72]. Other major breeding goals are resistance to mungbean yellow mosaic disease and bruchid
as well as improvement of protein quality by selecting high methionine lines. AVRDC’s diverse
mungbean collection is the ideal storehouse for selection of accessions which might help achieve these
new major breeding goals. Draft whole genome sequences for mungbean and some wild relatives will
become available at AVRDC at the beginning of 2014, and this will strengthen genomics research and
enhance molecular and conventional breeding of this crop. Realizing the narrow genetic base of
current commercial mungbean cultivars in Australia, the Australian mungbean program has recently
begun evaluating and screening hundreds of AVRDC accessions for inclusion in their future national
breeding program. Once low yield and disease and insect pest problems of mungbean have been
successfully addressed by plant breeders, there is great potential for this crop to play a more significant
global role as an important source of vegetable protein.
The intensive regional collaboration between AVRDC and national partners in recent years has
already led to the release of 125 improved mungbean varieties based on AVRDC breeding lines and
genebank accessions in 29 countries worldwide from 1978 to 2013. The top ten countries that released
the highest number of lines from AVRDC-developed mungbean materials were China (21); Vietnam (12);
Bangladesh (8); Thailand (8), Australia (7); Korea (7); India (6); Indonesia (6); Philippines (6); and
Pakistan (6). Worldwide, improved AVRDC-derived mungbean lines constitute now more than 25% of
mungbean production [79].
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7. Conclusions
As can be concluded from the examples of the three minor crops described in this article, and in
particular from the mungbean example, there is great potential for a number of currently underutilized
crops to play a major role in a more diversified and sustainable food production system. However,
there must be greater investment in long-term research and breeding programs and improved seed
supply sources for these crops to ensure they can be competitive in the marketplace. Research and
breeding of underutilized fruit and vegetable crops are clearly underfunded compared with the few
main staple crops. Substantial initial funding by the international donor community and national state
programs is necessary to achieve this goal and to generate interest among private sector breeders once
significant market potential is within reach.
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