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Abstract

There are many challenges facing the cultivation of legumes that lead to lowering
productivity, making it unattractive for cultivation in different areas worldwide. Which
include genetic, socio-economic restrictions, in addition to institutional constraints,
environmental conditions, besides the technological restrictions. Genetic constraints,
affect the production and breeding of leguminous crops due to difficulties of crossbreeding
cultivated and wild species. Climate change conditions represent another factor pressure
legumes production that requires the urgent achievement of agronomic and genetic practice.
Legumes need more attention in the near future to improving productivity and provide the
required food needs for the population around the world. There are various ways include
policy initiatives to promote food security. Produce legume varieties adapted to changing
climatic conditions of heat and drought considered essential factors to legume production
worldwide. Furthermore, developing the production and availability of legumes through
using proper agricultural strategies to increase annual cultivation whether by horizontal
expansion through increasing cultivated area and reclamation of desert lands or by Vertical
expansion and intensifying cultivation as well as intercropping legumes with other crops
and introducing legumes into the agricultural rotation, reducing postharvest losses, in
addition to using technology. On another side, including pulses into the agricultural system
as part of the crop system, provide many direct and indirect benefits in agriculture, health,
feed, also, contributes to reducing the negative impacts of climate change, protecting the
environment, and sustain legumes productivity.
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socio-economic restrictions

Introduction

Legumes one of the essential crops for humanity, there are more
than 1300 legume species growing worldwide. Whereas, only 20
species are consumed by humans, due to higher content of protein,
fibers, carbohydrates, and low fats. Protein contents in legumes two
or three folds than cereals, whereas, common dry bean (Phaseolus
vulgaris) representing the largest quantity consumed of legumes
globally.' In addition, legumes use as animal feeds directly or as main
components for various animal feeds, also, legumes improving soil
characters by fixing atmospheric nitrogen in the soil. Legumes need
more attention to be a part of the cropping system to produce enough
food, nutritional security by the abolition of starvation especially
in developing countries, as well as, legumes are very important for
sustainable soil fertility.?

Legumes represented the second consumed food crop after cereals
worldwide. There is growing interest in pulses and a large number of
people consume pulses as a staple food with grains as cheap source to
meet their protein needs. Pulse protein accounts for a relatively large
proportion of total protein consumption in low-income countries,
ranges from 10 to 35% in Africa.’ Thus, the legumes could contribute
significantly to the existence of different types of food for rural
families in poor areas of developing countries and underdeveloped
nations if consumed as a complement to starchy diets.** The legumes
crops are keystone species in generating observed biodiversity
impacts on ecosystem processes, which depends on natural resources
such as fixing nitrogen to enhance soil fertility and minimize the use
of chemical fertilizers and preserving natural resources.®

There are various challenges facing legume cultivation and
productivity include genetic, socio-economic, soil, climatic
constraints. Soil and climatic constraints, technological, and

institutional constraints that reduce the yield of legumes, which limit
the farmers’ willingness to cultivate more areas. Genetic diversity
is important for plant breeders because it provides an opportunity
to develop new varieties with desirable characters for improving
productivity.”

Due to climate change conditions that accompanied an increase in
the global population, economic slowdowns increasing the adverse
impact on the agro-ecosystem which increases food insecurity.®

Whereas, the limited use of inputs, unavailability of adequate seeds,
and the lack of knowledge of different types of legumes, in addition
to poor extension services considered the main socio-economic
constraints to pulses production.’ There are other constraints such as
lack of adequate output markets for legume crops, post-harvest losses,
and costs. Furthermore, there are adverse effects of global warming on
the productivity of legumes that have been decreasing for the last few
decades despite growing cultivated areas.!® Moreover, institutional
constraints increase the weakness in the pulses production sector
as it adversely affects the productivity of leguminous, like in some
sub-Saharan countries that increase the losing confidence between
various actors in this sector."! Due to more growth of population, there
are more needs to produce more leguminous crops in the coming
decades, this increment could be through various directions like the
horizontal expansion of the arable areas with legumes crop, multiple
intercropping systems with other crops, and reclamation of desert
lands."”? According to FAOSTAT," the cultivated area of legume
crops reduced in the last decade compared to cereal crops, while, the
production of legume crops can be increased through the horizontal
expansion of the arable areas of legume crops in two directions,
increase the area harvested (multiple intercropping systems and crop
rotation cycle) and reclamation of desert lands.
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Challenges and opportunities for the global cultivation and adaption of legumes

The legumes crops benefits in intercropping can be exploited at
cereal-dominated crop production systems to their increase area
harvested, these benefits classified into nitrogen-fixing effect and crop
impacts such as increasing the ability of ecosystems to reduce weed
growth and minimizing the spreading of various pathogens.'

This works aims to discuss challenges facing legumes cultivation,
which include biotic and abiotic stresses, socio-economic constraints,
technological constraints, institutional constraints. Furthermore,
developing an action plan to increase the production and availability
of legumes.

Results and discussion
Current availability and future target of legumes

Therearemajorissuesaffecting global legumes productionincluding
genetic, socio-economic, soil, climatic constraints, technological, and
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institutional constraints that lead to depressed grain legumes yields.
Thus have made them unattractive to agriculture for farmers. Legume
crops are one of the basic ingredients of global food security and
agricultural biodiversity as shown in Figure 1. Where legume crops
provide food with its various components of carbohydrates, protein,
fatty acids, dietary fiber, vitamins, and elements such as iron and zinc,
fodder, as their vegetative materials are rich in protein, fiber, and
vitamins. In addition, they are a source of cash income (intercropping
systems), improved soil fertility (fix atmospheric nitrogen), suppress
biotic and abiotic stresses, the environment preservation and create
more resilient farming systems. Thus, the legume crops are one of the
basic components of the intensification of agroecological, which it
uses the principles of ecological to promote agricultural productivity
in addition to maintaining agroecosystem services and working to
increase them.!® Due to the many benefits of legume crops, we must
recognize the constraints facing the cultivation and use of these crops
and work to solve them.

Constraints of pulses
production
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Figure | Main constraints facing pulses production.

Challenges in legumes cultivation
Growing protein demands for population:

Due to the growing world population, there is increasing in the
demand for food production raised the issue of available resources.'®
Natural resources depletion and climate change has continuous
potential to reach the required level of food production. In 2050, food
security with the goal of high nutrition and yield productivity is a
major challenge for the researchers and the agricultural community.'’
High protein intake is essential for the growth of infants and children
as well as for building muscle and facilitating cell repair and
replacement among adults and especially the elderly.'

Pulse contain high amounts of protein, carbohydrates, dietary fiber,
vitamins, omega-3, fatty acids, and certain important micronutrients
(e.g. Fe, Ca, Zn, Mg, folate and tocopherols). The protein content
of grain legumes depends largely on the type of legume, species,
cultivar, and growing." In addition to noting that protein content had
a negative relationship with yield, seed size, starch and oil content,
also, according to germination and fertilizer application, the protein
content and amino acid composition differ.’

Diets system of humans in most developed nations contains far
too many calories from animal,”® while, pulses are an important and
essential source of plant proteinin developing nations.? During livestock
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farming and animal feed manufacturing, the intensive agricultural
production of animal protein has negative and destructive impacts
on the environment, as it is responsible for 18% of anthropogenic
greenhouse gas emissions, including 65% of N,O emitted 35-40% of
emitted CH,, and 9% of CO, emissions.” The amount of greenhouse
gas emissions from legumes growing is five to seven times,'* and 36
times less per unit area than other crops and dairy beef agriculture,
respectively.”? With the expected increase in meat prices and global
population growth, the families seeking to reduce food costs may start
including more pulses in their diets. Furthermore, seeking to reduce
food costs may start including more pulses in their diets.?

In recent years, plant-based diets (pulses) have grown in popularity
at many countries of the world, due to the severe and growing
concern over the environmental, ethical and health impacts of diets
dominated by animal-derived foods.”® The dietary shift from higher
meat consumption to more plant foods leads to reduced consumption
of unhealthy foods from animal sources and increased consumption
of pulses thus improving human health and well-being,? in addition
to reducing premature deaths by 19-23% in the world.** The number
of vegetarians in the United Kingdom (UK) quadrupled between 2014
and 2019, while, in 2019, there were 600,000 vegetarians or 1.16% of
the population, it appears that vegans will make up a quarter of the
British population in 2025.%

In the United States of America, sales of plant-based foods that
replace animal products in grocery stores have directly increased
by 29% over the past two years, reaching $ 5 billion,?® as well as
in the UK, the population’s consumption of red and processed meat
has decreased more than the last decade. Plants are an alternative to
animal products, as the simultaneous consumption of proteins from
pulses and cereals reproduces the essential amino acid pattern found
in animal products®* the simultaneous consumption of proteins from
pulses and cereals reproduces the essential amino acid pattern found
in animal products. Thus, enhancing the nutritional properties of
pulses can lead to increased consumption of pulse proteins as a partial
substitute for animal proteins.

Grain legumes are the best source of proteins among all the other
food crops as vegetables and cereal crops.” The legumes content of
protein ranged from 5% in white lupine to 45% in soybean being the
highest protein sources, while, the protein content in vegetables and
cereal crops varied from 2% and 8% to 12%, respectively.*® The pulses
content of protein is up to three-fold or double higher than that found
in cereal crops,>" as well as they have very low-fat content,'® but
the cereal crops are major sources of carbohydrates.! Furthermore,
the amino acid lysine amounts in pulses are higher than in cereal
crops, however it contains low levels of other amino acids such as
methionine. Thus, pulses protein favorably complements cereals
protein in diets, meaning that together they provide adequate amounts
of all amino acids essential for the human body.>!#

Legumes ranking as second consumed food crop after cereals
globally, there is growing interest in pulses and more people consume
pulses particularly the grain one as a staple food with grains and
depend on them as the main source for protein needs. Therefore, the
pulses could contribute significantly to the dietary diversity of poor
people in rural regions especially in developing countries if consumed
as compliment to starchy diets, for instances, pulses consumption
ranges from 10 to 35% in low-income countries in Africa.**

The germplasm resources of pulses in the world can be investigated
and discovered in order to be used in improving many aspects of
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the nutritional value of grain legumes (as increasing of protein)
through the genetic variation of these crops. Traditional breeding and
biotechnology methods (molecular technologies) will be essential to
make the most of the advantages of pulses that are an important source
of protein for human nutrition but reducing the levels of anti-nutrients
in pulse seeds.?>*

Genetic studies help to identify the genetic bases for many genetic
traits (especially protein), which leads to the success of promoting
pulse crops biologically by increasing the protein content in their
seeds. Indeed and over the years, the pulses breeders have achieved
some success in developing high yielding cultivars without sacrificing
their content of protein, despite the health and nutritional benefits of
pulses. The data on pulses consumption shows that the average per
person intake of pulses is well below recommended levels, at around
21 g/person in the day, for the past three decades.'® Hence, there is a
need to revive pulses as an important food crop, as this could provide
a solution too many dietary system challenges both for human and
animal consumption.” Also, as a source of plant protein and has
increasing importance in improving human health.* The impact of the
pulses on the environment is much lower than that of animal sources
of protein, especially when considering protein conversion efficiency,
which opening up new and high-value markets, as well as they, would
play a major role in future cropping systems. 4>

The increasing global population and consumption of pulses
requires several things, such as increasing the productivity of pulses,
improving economic access, and increasing awareness of their
nutritional value.'® Also, encouraging farmers to grow legumes and
consider the quality and yield together, broad dietary shift to relieving
anthropogenic climate change, providing an environmentally
sustainable source of protein in order to pulses crops are an important
component of this change. In addition encouraging of Plant breeders
to develop breeding methods, which strove to merge production of
food into the healthy performance of agricultural ecosystems.**

Shrinking cultivable lands

Legumes Productivity declined for the late last century, although a
large area of legume, because of adverse environmental conditions like
drought, soil degradation that may limit their productivity.>* Drought
problems for legume productivity are probable to with the increase of
dry areas of the world from 28-30 countries to 50 countries by 2030.3

The main constraints to legume yield in tropical and subtropical
regions are Diseases and pests due to higher rain and temperature.
There are some pathogens that infect legumes include viruses, fungi,
anthracnose, angular leaf spot, bean rust, white mould, Ascochyta
blight, Fusarium wilt, and common bacterial blight,*”* soil characters,
soil pH conditions and low P affect Nodulation, Nitrogen fixation, and
survival of rhizobia.*

Climate change and legumes cultivation

Under change climate conditions rising temperature causes rapid
degradation of soil, reduced agriculture land, and change of soil
properties as changes in soil stability, soil biodiversity, plant-soil
interactions, and nutrient cycling. Changes in vegetation cover might
change runoff and nutrient losses and soil organic matter content.
However, socio-economic trends may have a major role in determining
land-use patterns. Grain legumes influence the rhizosphere and soil
quality, there are numerous benefits that legumes contribute climate
change alleviation like.'*
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Climate change: Extreme events and unpredictable
weather

The influence of climate change on soils is not direct. Where it
affected on decomposing of soil organic matter and changes in soil
moisture, also emit the gases responsible for climate change,*

There are different effect of climate changes on the soil properties
like:

1. Minimizing the release of (GHG) as CO, and N,O compared
with agricultural systems based on mineral N fertilization,

2- Play vital role in the sequestration of carbon in soils.
3- Decrease the fossil energy inputs in the system.
Impact of climate changes on soil functions

The effects of soil carbon stocks in the upper soil horizons would
drop by 30 Bt of carbon under one degree of temperature, it is planned
to increase soil organic carbon decomposition, which increases soil N
availability, lead to higher soil CO, efflux.*! Each Ton of carbon lost
from the soil releases 3.7 Tons of CO, in the atmosphere.”> While,
legumes give about 12-25 Tg N fixed per year.®

Soil fertility

Increases soil temperature will raise the decomposition of
Organic matter, improved microbiological activity, quick nutrients
release, enhance the nitrification rate, and chemical weathering of
minerals.* Climate change affects negatively soil properties; decrease
the bioactivities in soil, loss of nutrients by leaching, volatilization,
runoff, and Soil acidification, salinization, and alkalization.

Soil moisture

Impacts of climate change affects like precipitation, evaporation,
influence soil moisture. Increasing temperatures lead to more
evapotranspiration and quick loss of water from the soil,* whereas
it decreased water holding capacity in the soil and available water to
plant which increases drought.*® Wind erosion increases evaporation
rate, filtration losses, and groundwater.*’

Soil microbial

Rising temperature increase soil organic decomposition, so it is
a negative decomposition on soil microbial communities.** The
soil fungi activity may increase in the warmer soil.* In addition, the
effect of climate change on the soil microbial enhanced CO, levels
in the atmosphere leading to enhanced plant growth and increased
carbon below soil. Therefore, the soil microbial increase fixation of
atmospheric nitrogen, nitrogen immobilization, and denitrification,
and thus improve mycorrhizal activity, enhancing soil aggregation,
and increased weathering of clay mineral.*

Soil compaction and crusting

Soil structure influences the movement of gases, water, pollutants,
decline soil organic matter lead to a decrease in soil aggregate,
infiltration rates, soil aeration, soil water available and crop
productivity, and, increase compaction, bulk density, run-off, soil N
loss and erosion.>*!

Increase soil salinization

Increased salinization and alkalization due to rising temperature
and decreased precipitation (Okur and Orgen, 2020). Where salinity
increases as capillary rise, where get salts into the root zone in sodic
soils. Leaching may be incomplete due to increasing drought of
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subsoil increases the concentration of salts in the soil solution in semi-
arid zones.>?

a. Soil properties

Cultivation system based- legumes has many positive effects on
soil characters like enhancing SOC and humus content, increased N
and P availability.”

(1) Physical properties:

Legumes improve the physical soil properties by being a soil
conditioner.** Leguminous cover produced huge biomass, which
provides the substrate for soil biological activity and soil organic
matter (SOM).* Enhance soil C/N ratio and increase soil organic
carbon (SOC) stock,”® improved infiltration of water and soil
aggregation.’’

(2) Chemical properties

The leguminous improves chemical properties by N-fixation,
increase root biomass, nutrient availability, and SOC pool.** In
addition, legumes root exudates and releasing organic acids improve
P availability,® increase soil N, SOC, and improves soil chemical
characteristics.®! Incorporated legume residues into soil increase SOC
concentration, enhanced sequestration of C of atmospheric CO,, and
increase agricultural productivity.”

b. The atmosphere (GHG)

Legumes crop growing reducing the fertilizer rate in agricultural
rotations, consequently decrease the GHG emissions.®’ In rotations
including leguminous crops, half of the CO, generated in NH,
synthesis converted to urea.” Agricultural field is the main source
of N,O emissions, about 60% result from the application of nitrogen
fertilizers, N,O about 5-6% of the total atmospheric GHG, each 100
kg of N fertilizer added released about 1.0 kg N,O emitted.”

c. Increasing intensity and frequencies of biotic and
abiotic stresses

Agricultural production is affected by a number of abiotic and
biotic stresses resulting from the impact of global warming. Where
plants face these stresses under field conditions.”® Due to reduced
density and diversity of inputs, negative environmental effects are
exacerbated in multiple cropping systems. In addition, yield instability
linked to climate is higher in pulses crops (as soybean) and broad-leaf
crops compared to cereals grown in the.”> Good integration among
crop breeders, molecular biologists, and agronomists, crop modeling
experts, field pathologists and physiologists leads to the development
of crops to resist stress conditions of both types under field conditions.

The crop varieties ability to implement reasonably well under
stressful environments is critical to production stability of crops.
Breeding for stress tolerance is usually performed using selecting
genotypes for high yields under various stress conditions. To produce
stress-resistant genotypes different stress resistance indices have
been suggested basis on a mathematical relationship between yield
during stress and non-stress conditions as shown in (Table 1). These
indices are based on either stress resistance or stress susceptibility of
genotypes. Among all drought tolerance indices i.e., mean productivity
index, geometric mean productivity, stress tolerance index, harmonic
mean and yield index can be used as the most suitable indicators and
alternative for each other to select drought-tolerant genotypes.* In
order to develop drought-tolerant legumes varieties, it is imperative
that there be integration among several methods like agronomic and
biotechnology strategies in addition to advanced genome editing
tools.%

Citation: Abobatta WF, El- Hashash EF, Hegab RH. Challenges and opportunities for the global cultivation and adaption of legumes. | Appl Biotechnol Bioeng.

2021;8(5):160-172.DOI: 10.15406/jabb.2021.08.00270


https://doi.org/10.15406/jabb.2021.08.00270

Copyright:
Challenges and opportunities for the global cultivation and adaption of legumes ©2021 Abobatta etal. 104

Table | Stress tolerance indices used for the genotypes evaluation under non-stress and stress conditions

No. Stress tolerance indices Equation Reference
| N -, - Yp)] /[1- (;Y — ;p)] / Fischer and Maurer
2 TOL Rosielle and Hamblin
Yp =Y,
3 MP (Yp _ Ys) /2 Rosielle and Hamblin
4 YSI Y /Y Bouslama and Schapaugh
s P
5 HM [Z(prys )} (Y, +Y) Hossain et al.
6 GMP Y /Y Fernandez
st op
= 2
7 STI (prys Y/ (Yp) Fernandez
8 YI Y,/ Y, Gavuzzi et al
9 DI Y L
[Yx(Y /Y1 an
10 YR 1-v /Y Golestani—Araghi and Assad
s'p
1l ATI [(yp —Y)/(Yp-Ys )} x[ (ypxy] Moosavi et al
12 SSPI [(Yp Y27, )} 100 Moosavi et al
13 GOL (Yp + Yg) / (yp _ Ys) Moradi et al.

Table 2 Area harvested, yield level and production of grain legumes compared to major cereal crops worldwide

Area harvested Production

Crop (million ha) Yield level (MT/ha) (million MT)
Grain Legume Crops

Bambara beans 0.25 0.62 0.23
Beans, dry 33.07 0.87 28.90
Beans, green 1.65 16.36 26.98
Chick peas 13.72 1.04 14.25
Cow peas, dry 14.45 0.62 8.90
Groundnuts, with shell 29.60 |.65 48.76
Lentils 4.80 .19 5.73
Lupins 0.89 1.14 1.01
Peas, dry 7.17 1.98 14.18
Peas, green 2.78 7.82 21.77
Pigeon peas 5.62 0.79 4.43
Pulses nes 6.00 0.76 4.55
Soybeans 120.50 2.77 333.67
Vegetables, leguminousnes 0.25 6.27 1.57
Vetches 0.42 1.83 0.76
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Table Continued...
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Crop ?n:‘:l‘i‘i::::’;“ed Yield level (MT/ha) r:::i‘:::i;'.‘r)
Major Cereal Crops

Wheat 215.90 355 765.77

Corn 197.20 5.82 1148.49

Rice 162.06 4.66 755.47

Source: FAOSTAT (2020)

SSI: Stress susceptibility index; TOL: Stress tolerance index;
MP: Mean productivity index; YSI: Yield stability index; HM:
Harmonic mean; GMP: Geometric mean productivity; STI: Stress
tolerance index; YI: Yield index; DI: Drought resistance index; YR:
Yield reduction ratio; ATI: Abiotic tolerance index; SSPI: Stress
susceptibility percentage index; GOL: Golden mean; Y grain yield
of each genotype in non-stress condition; Y : grain yield of each

genotype in stress condition.; Y, : mean grain yield of all genotypes
in non-stress condition; Y, : mean grain yield of all genotypes in
stress condition.®

d. Constraints of pulses production

Legume production affected by various biotic and abiotic stresses
like many other crops. Various constraints play a major role in
determining the crop and productivity of legumes and affects the
distribution of the legumes species worldwide (Figure 1). There
are genetic constraints, Socio-economic constraints, soil, climatic
constraints, technological constraints, institutional constraints, as well
as policy issues.®’

Genetic constraints

The mutually accurate and widespread evolutionary processes
based on many factors that include the genetic foundation for the
characters that motivate the benefits of mutuality.®® Many genes
control many quantitative important characters like grain yield,
nutritional components, and some forms of tolerance to environmental
and biological stresses. Genetic constraints to adaptive development
can be understand as those genetic aspects that inhibit or reduce the
likelihood that natural selection leads to the direct elevation of the
intermediate phenotype to the optimum level.®” Genetic constraints
appearing under variance of additive genetic conditions in preferred
directions selectively but small (quantitative constraints) or absent
(absolute constraints).

A quantitative constraint exists when the ability to respond to
selection is present but is limited.” It is possible that multivariate
genetic limitations are present in natural populations, as genetic
differences is found in nearly all characters in the presence of strong
natural and sexual selection, whereas, there is a direct conflict between
natural and sexual selection depleting genetic variation.”" Directional
selection acting consistently over time is expected to produce negative
genetic correlations between pairs of adaptively significant traits.”
Genetic associations among traits can restrict responses to natural
selection, but to what extent these associations depend on adaptation
to patterns of directional selection.”

Connallon and Hall™ mentioned five classes of genetic constraint
in population as follow:

1. Genetic dominance.

2. Pleiotropy.

3. Fitness trade-offs among individuals of a population.
4. Sign epistasis.
5. Genetic linkage between loci.

Gregor Johann Mendel was the first to introduce the term genetic
dominance that describes the relationship between alleles of the
same gene where one of the dominant alleles hides the phenotypic
contribution of the recessive allele.”” Dominance is an evolutionary
constraint, as dominance interactions between alleles influence
each site’s (locus) contribution to variance of additive genetic
for the fitness and efficacy with which natural selection enhances
adaptation.”® Pleiotropy is the main theoretical reason behind the
hypothesis that morphological development occurs more frequently
through cis-regulatory changes than changes in protein sequences.”’
In addition, the conditions for stable polymorphism are somewhat
restricted, especially with low selection.”® Polymorphism can lead
to a lack of genetic and evolutionary independence among various
characters, genetic trade-offs among various components of fitness
and reduced adaptability by pleiotropic genetic variance.” The effect
of polymorphism on the adaptation rate depending on the scale of
the mutation size with dimensions.” Thus, when conditions for
stable polymorphism satisfied by antimorphic pleiotropy, substantial
dominance variance in one or both fitness components is expected but
rarely observed in experiments.

There is essential role for epistasis in the maintenance of genetic
variation, central to many theories of speciation,® the epistatic
interactions evolution during the interspecific level, the populations
ability on respond to selection, and the conservation genetics if it
contributes to the external breeding depression.®’ In epistasis, the
effect of a mutation on fitness depends on the genetic background in
whose it arises.® The theory has shown that the sign epistasis, as it is in
the mutation is beneficial in the context of some genetic backgrounds,
but harmful in.* In addition, development in one or both partners can
be speed or slow by the genetic correlations between traits. When
the direction of genetic variance in the multivariate character space
does not align with the selection vector, an evolutionary constraint
occurs.® The genes / loci related with a quantitative trait considered
quantitative trait loci (QTLs). The high degree of affinity between
wild relatives and leguminous relatives’ germplasm groups exploit
to improve gene maps and recognize elect genes for agricultural
characters that improving leguminous productivity. In general,
genetic constraint in population as low level of polymorphism, non-
availability of resistance sources of biotic and abiotic stresses in
cultivated gene pools and wild species and landraces are valuable
sources of new genes and alleles that can be introduce into cultivated
species. While, the hybridization difficulties of cultivated species with
wild species considered a major constraint in developing genetic maps
in the legume crops, for example, peanut, chickpea, and pigeon pea.®
Despite the importance of wild species and landraces, they remained
largely underutilized to improve crops due to barriers to interspecific
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hybridization, lack of assessment data on specific traits. Lack of easy
access to advanced breeding tools, and link withdrawals due to negative
alleles in surrounding areas the desirable alleles and the tendency to
stress result in the short term in breeding projects.’” Improving these
traits through conventional breeding is a long-term and difficult
process. New methods, based on classical genetics, such as linkage
disequilibrium (LD) based correlation mapping, advanced back-cross
QTL (AB-QTL) analysis offer the possibility of overcoming at least
some barriers.*® The methods span from quantitative, population,
and environmental genetics, to molecular genetics. Much attention
is devoted to genetic associations, the maintenance of quantitative
genetic diversity, and the intimate relationship between genetics,
ecology, and evolution.®®

Genetic diversity is important for crop breeders because it provides
an opportunity to develop new and improved varieties with desirable
traits that include the preferred traits of farmers and breeders such
as yield and its components traits.” In order to improve pulses in the
future, the immense genetic diversity of legume crops must be exploit
for increased productivity, quality and profitability. Genetic and
genomic resources of legume crops are among the important strategic
tools that are currently subject to the application of molecular and
genetic engineering techniques. Thus providing knowledge and
opportunity that lead to easy identification of particular germplasm,
trait mapping, and allele mining for more effective biotic and abiotic
stresses resistant and high-quality grains for food and forage.* Plant
breeding is a strong tool to improve legume crop characteristics, to
achieve harmony between the environment and the agriculture as well
as to improve the varieties for sustainable agriculture utilization, so
that the crop becomes more desirable healthy, agronomic, ecological
and economical.

I. Socio-economic constraints

There are many social and economic constraints facing the
production of legumes, including the following:

* Low input use, seeds limited availability of quality seeds,
limited lack of knowledge of the improved varieties of present
legumes and poor extension services.’

*  Poor income reduces the ability to buy legumes seed, no or
lack of markets, cultural belief and not edible.®

*  Postharvest losses as well as costs.”
*  Legumes need more technology to produce those.

* Fluctuate or decreasing prices and low productivity of
legumes.”!

* Legumes provide fewer benefits when compared to cereal
crops, and increases sensibility to pests and diseases.”

*  The farmer’s reluctance to grow legume crop.”

This reduced the overall competitiveness of legume crops in
relation to the cereal crops in farming systems. The challenge of lack
of funding considered one of the most important social and economic
constraints for legume crops, as it was noted a lack of reliable
information on legume crops due to lack of funding to backup scientific
research, development and innovation for these crops. The breeding
and improvement of legume crops limited by the weak request for
seeds. A 41% high level of food insecurity leads to seed shortages in
legumes, which expected to put pressure on preserved seeds due to
the domestic consumption of legume crops.® The pesticides, habitat
loss, and agricultural intensification led to reducing pollinator groups,
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due to low pollinator abundance and diversity, seed yields reduced for
some legume crops, for example, Trifolium pratense.** Plant-pollinator
is important for the maintenance of biodiversity, human food security,
and is one of the critical services for sustainable ecosystems.*

The farmers lack knowledge based mostly on indigenous
knowledge of agricultural practices of leguminous crops and lack of
diversity in farms. Diversity occurs in the farm through the changes
in cultivation from the cultivating cereal species to cultivating pulse
species, this diversity cannot achieved through cereal crops only. In
addition, the farmers are not interested in growing legumes crops
on their own farms due to some technical, climatic and economic
limitations,” as well as responding to institutional, agronomic.”” In
addition to the lack of awareness of farmers and consumers of the
benefits of legumes crops.'” Rural farmers reluctance to grow legume
crops and low their production due to the fact that legume crops have
become a poor and slow income source for them and that pulses
(grains) do not reach their potential shelf life when storage.”

Another major obstacle facing legumes production is the lack of
adequate markets for leguminous crops, higher post-harvest losses,
and costs,”® therefore, spread higher price due to high processing
costs, Also, the legumes markets were weak and fragmented in
compared to cereal crops as wheat, corn and rice.” The number of
ineffective intermediaries operating between producers and the
customer markets is large, weak, and operates in limited geographic
areas.”which, leading to a lack of transparency in markets.'” High
marketing costs due to high transportation costs, inadequate and
poorly designed storage facilities, insufficient market information
flow, quantity and quality of supplies, affecting the production and
marketing of leguminous crops, as well as lack of processing facilities
to provide food industry with functional components that depend on
legumes.'*""'2 In addition, the lack of processing facilities to supply the
food industry with functional ingredients based on legumes. Farmers,
especially smallholders, need easy ways to connect them to markets to
achieve good profitability. On the other hand, the price of pulses and
their availability, along with social habits, play an important role in
changing consumption patterns, so the low production of leguminous
crops leads to a decrease in farmers’ profitability despite the low cost
of farming and the high prices of legumes production compared to
cereal crops like rice and wheat. The low productivity of pulses may
shift them from the production system at some areas in the world.
Whereas, we find that the manufacturing of legumes allows opening
new markets by adding value and diversifying products. Smallholder
farmers need a connection to markets so that they can generate more
income, besides social and subjective norms, price and availability are
important in changing consumption patterns. Poor yield performance
of legume crops leads to their lower profitability in spite of the lower
cost of cultivation and higher output prices of legumes when compared
with that of cereal crops such as rice and wheat. Where the existing
low yield levels of legume crops will further displace them from the
production system in some region of the world. Furthermore, there are
numerous opportunities in agro-processing can open up new markets
by value addition and diversifying products as well as improving
storage for longer periods, thus Improved income for rural farmers.

The expansion of the cultivation of legume crops, the increase in
production, processing, and consumption, as well as the increase in
the price paid to farmers, can be achieve by increasing awareness of
customers about the healthy and environmentally benefits of legumes.
Also, increasing consumer demand through local production and
diversity of policy measures. Besides opening new markets increase
the opportunities for legume-based foods, as well as, more resources
need to be devoted to advanced research in legume crops (Zander
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et al.,** as well as, more resources need to be devoted to advanced
research in legume crops (as Biotechnology) to face these constraints
in legume crops.

Technological constraints

It is known that the immediate farmer’s food security issue
limits his ability to integrate legume crop technologies into their
traditional system (based on cereal crops), resulting in a lack of
diversity in agricultural systems, which decrease the resilience of
this system and ultimately increases the risks. Despite, the challenges
can be mitigated by providing nutritional, biological and resources
benefits, as well as diversifying risks by incorporating cereals and
legumes technologies in agricultural systems.!"” There is still a lack of
researchers understanding of the barriers associated with grain-legume
technologies. Also, the dependence of farmer’s on these technologies
is still low or limited, because the farmers prefer the traditional corn-
based system that dominates the majority of the studied grains and
legumes technologies, for its high capacity to meet farmers food
security and yield requirements.'%*

Technological constraints limiting legume production and
minimize exploiting high yield potential which causes the most
crucial yield gap. The main limitations of adopting technologies based
on legume crops include the limited usage of production technologies
to farmers and use them effectively. Availability of knowledge about
technology or practice, ease of household access to capital or assets,
production market for agricultural products of leguminous crops,
biophysical link to technology. Developing of agricultural research
and development systems including extension, advanced education
or literacy for farm family members, cultural factors, alternative
technologies or livelihoods that rival technology and government
support.'® Application of biotechnology such as genomics and
bioinformatics in legume breeding is low,'” low awareness and
poor adoption of legume-based technological innovations.'” As
well as poor identification of entry points and target groups, and
the difficulties correlated with establishing and maintaining legume
crops, isolated efforts in soil improvement.'%®

The acceleration of progress in breeding and crop improvement
through biotechnology, which includes three interacting technical
components as follow:

1. Microbial bioprocessing techniques.

2. Techniques for culturing somatic and reproductive cells, tissue,
organs.

3. Molecular and cellular techniques for the characterization
and modification of genomes including techniques for the
identification, recombination, cloning, transfer and expression
of genetic material (according to El-Hashash and El-Abs®).

Molecular markers include protein markers, DNA markers, and
metabolite-based biomarkers, while, genetic engineering include
gene transfer, transgene expression as well as the selection and plant
regeneration.'® the United States of America and around the world,
the gene tagging and marker-assisted selection for disease resistance
has evolved to the point where indirect selection for resistance to a
major diseases number has become routine in breeding programs of
bean.'” While, many of these measures proposed above exceed the
resources of subsistence farmers, which is another reason for the low
in legume yields in third world countries, the world needs to balance
in future breeding activities due to the molecular engineering debate,
with some countries rejecting the cultivation of transgenic soybean.'
Developed technologies like next-generation sequencing and high-
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yield methods will contribute to the development and improvement of
legume crop breeding programs, with the advantage of being budget-
efficient, environmentally friendly, and less time-consuming.'’

Smallholder legume crops producers in developing countries lack
access to technological improvements or the transfer of agricultural
technology to their rural communities due to lack of funding and
resources, therefore, there is a wide gap of legume crops production
in smallholder farms whereas. The technology that could significantly
increase and stabilize food legume yields is available in most regions,
but its rapid adoption appears to be limited to industrial agriculture.?
In addition, Muoni farmers do not want to test new legume species/
varieties on them due to limited resources and technologies used for
improvement.

Simplify of the marketing and promotion of pulses technologies
to farmers and stakeholders can be by effectively distributing them,
print and electronic media, contests, on-farm research, demos, tours
of educational and training workshops, thus improving awareness and
adoption of legume-based technologies.!”” The successful adoptions
of technology often related with the need to production increased
and produce income for farmers.""" Everyone (government and
private institutions) should pursue effective policies to strengthen,
promote and create positive awareness and implement improved
technologies of cereal-legume cropping to improve farmers’ profits
and feed an increasingly large population. The use of existing low-
cost technologies, for example rhizobial inoculation, must be expand
to small farmers.'®

Institutional constraints

The institutional system achieves many positive and negative
effects on various activities, by following the controls roles by
different institutions to organize work. There are different institutional
constraints facing legume production, therefor, the international
agricultural organizations aiming to address the theoretical and
methodological gap on improving the production of legumes and
implementing the institutions dealing with the complex challenges that
facing legumes production worldwide especially in the developing
countries. >3

In some sub-Saharan African countries, the weakness of the
institutions in the pulses production sector have negative impacts
on the cultivation and production of legumes represented in the loss
of confidence between various actors in this sector.''* In addition,
increasing transportation costs and limitation of market efficiency
affecting negatively food security and delay development.'”
Therefore, executives and institutions must play an effective role in
finding novel solutions to import or develop new roles to improve
agriculture production.'® There are various actors effort that many
undertake related to legumes production to make markets better,
more efficient, and inclusive, therefore, scientists discussed how
weak institutions affect negatively legume production around the
world."> Due to different recognized restrictions and lack of market
institutions, illegal trade of pulses is taking place in different regions,
such as the informal trade of bean between Kenya and Uganda, also,
between Tanzania and Congo.''¢

There are many institutional restrictions facing the production
of legumes, including formal constraints such as (rules and laws)
and informal constraints like (agreements and codes of conduct)
that regulate the production and trade of pulses."” Therefore,
enhancing institutions’ efficiency provides multiple functions and
alternative mechanisms by facilitating contract implementation,
preserving property rights and contracts, and manages the degree
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of competition. Thus reducing market failures particularly in areas
with underdeveloped road and communication networks like in the
sub-Saharan region, so, limitation of institutional capacity to support
agricultural strategies affect negatively integrate smallholders in rural
areas into larger entities to cope with market fluctuations.!'

Soil and climatic constraints

Now, there are different challenges in front of agriculture to ensure
food security for the global population, which expected to reach 8.55
billion by 2030, 9.77 billion by 2050, and 11.18 billion by 2100,'”
accompanied with an expected increase in food demand, while,
about 782 million live in developing countries, (12.5% ) of world
population.'?® The incorporation of legumes into agriculture increases
soil fertility, particularly in developing countries.

Previous work? indicated that improving agricultural production
includes:

- Manage food security for the increasing population.
- Alleviate global warming.
- Improve soil fertility.
The most commonly discussed GHGs are
I. Global warming

Due to the emission of huge amounts of greenhouse gases (GHG)
(i.s. CO,, CH,, and N,0) accumulate in the troposphere, the earth’s
temperature increased 2—4°C over the previous century.'!

The emissions of warming gases into the atmosphere, which
estimated to reach 37 Bt CO2 eq. at 2014 that was 60% higher than
in 1990, moreover, CH,, N,O, and CO, are the major GHG emissions
resulted from agricultural production.'?

a. Carbon dioxide (C O,): it is formed by burning fossil fuel and
industrial activities, it is roughly 55% of GHGs and increasing
Global Warming Potential.'?

b. Methane (CH ,): the anaerobic decomposition considered the
main source of Methane production in the agriculture sector,
such as, in flooded rice paddies, pig and cow stomachs, and pig
manure ponds that is a precursor of ozone.

c. Nitrous oxide (NO/N,0O): formed during fertilizer manufacture
and other industrial processes, Nitrous oxide lasts a very long
time in the atmosphere.

Because of climate change, there is more pressure on the
production of legumes, which require the urgent achievement of
agronomic and genetic practice. The global warming observed about
the world in the last century and it will be continue throughout the
twenty-first century, furthermore, rain will reduce in the tropics
and semi-arid tropics where most legumes are grown; in hot areas.'?
Climate change is affecting on future legume crops production, and it
is expect to reduce the yield.'?

Using a predictive modeling program to estimate that a temperature
increase of 3°C will reduce the yield of peanuts in Zimbabwe by 33%
and pigeon pea in Kenya by 19%, due to short growth time and early
maturity to raise temperatures.'?* Adoption of legumes to the excess of
temperature and rain is largely unknown. Prasad et al., (2006) showed
that the panicle emergence in sorghum was late by more than 20 days
and vegetative growth reduced due to the temperature increased from
36/26°C to 40/30°C.
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Future perspectives needs of legumes research

Legume crops can be developed for future exploitation, where
the legumes provide many direct and indirect benefits in agriculture,
health, feed, environmental protection, and fuel. The research efforts
of legume crops should be directed in five directions: financing,
breeding, production, farmers, and marketing. Provide financing
for legume crops improvement as availability of credit, insurance
facilities, besides working to increase support for scientific work and
knowledge transfer activities to legumes farmers, also, technology
could play different roles in improving legume production under
climate change and the increased global food demand, using
precision agriculture tools could help farmers to overcome different
negative impacts of many problems, which contributes to increasing
productivity and improving farmer’s profitability and protects the
environment.'” So, serious and fruitful investment in development
and innovation research in order to create new, distinct and sustainable
agricultural processing facilities large-small in scale of legumes for
the marketing process.”

Future research for legume green manures is needed on the
following topics:

a. The previous studies established the benefits of green manures
on soil physical, chemical, and biological properties. However,
their application to the farm level is still at a limited stage.

b. Interest in the cultivation of crops with legumes in the same
season and in the free vegetation period

c. Awareness farmers about the importance and role of legumes
in terms of fertilizer saving, water saving, increase in crop
productivity, and improve soil health,

d. Find out alternative techniques like brown manuring of legume
crops by growing intercropped, which can save time as well as
the need for incorporation.

e. Production of biotic or abiotic stresses tolerant cultivars with
the ability to adapt to changing climate is needed to meet the
increasing demands for food, forage, wood, through genetic and
genomics-assisted breeding and biotechnological approaches.

f. There is a crucial need to produce drought and salinity tolerance
and pests and disease-resistant legumes varieties for arid and
semi-arid regions.

Due to the growing world population, there is increasing demand
for food products worldwide, which has posed many challenges
toward agricultural productivity and increase in food quality, quantity,
and production of protein-rich crops. Legume crops are vulnerable
to abiotic constraint particularly drought which affects negatively
crop yield. Therefore, Legumes production needs more attention in
the near future to provide adequate food for humanity. Innovative
breeding drought-tolerant varieties considered a new approach to
enhancing legumes production under arid and semiarid regions, using
precision agriculture tools could help farmers to overcome different
negative impacts of many threats. Also, new agricultural strategies
and management practices are required to improve and introducing
new complementary crop systems for grains and pulses, as well as
development and sustainability of production technologies such
as identifying suitable agronomic varieties, soil fertility, improved
irrigation facilities, mechanized harvest, and natural resources
conservation. Policy and institutional decisions are required to
promote legume productivity.
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Conclusion

Legumes one of the essential crops for humanity due to nutrition
values, it’s providing food requirements and nutritional security,
used as animal feeds, and sustaining soil fertility, in addition to
Legumes cultivation as intercropping crops decreasing fertilizing
rate in agricultural rotations, consequently, reduce the emissions of
GHG. There are major challenges facing legumes cultivation and
reducing yields that made them unattractive for farming, like genetic,
socio-economic, soil and climatic constraints, technological, and
institutional constraints. Legumes production needs more attention
particularly in the near future to provide enough food for the
population worldwide. The increment in production of legume can be
through horizontal expansion as the cultivated area and reclamation
of desert lands. In addition, through multiple intercropping systems
and crop rotation cycle, in addition, plant breeders increase legume
productivity through using biotechnology for adapted legumes to
global climatic changes particularly drought stress. Legumes crop can
be develops for future exploitation, through a crop system adapted to
environmental conditions, where leguminous crops are an essential
component either as intercropping or between nonlegumenous crops.
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