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Preface

Legumes are plants from the Fabaceae family. Fabaceae is the third largest family 
among the angiosperms and they have vast economic importance. These plants pro-
vide food, fodder, fuel, medicine, and many other uses. Legume crops are a low-cost 
protein source and sometimes called the ‘poor man’s protein’. Legumes can fix nitro-
gen, and hence the requirement of exogenous nitrogen is low. Therefore, they are used 
as a soil enhancer, and some of the legume species are cultivated as green manure 
crops. In a sustainable agricultural system, legume crops are one of the essential 
components. However, improving the productivity of legume crops and improving 
their tolerance to adverse environments are important tasks for plant biologists.

This book presents nine chapters dealing with the importance, production and various 
uses of legumes. In the first chapter, the status of legume crops in the world and 
their prospects for sustainable agriculture are discussed. In the second chapter, many 
aspects of soil fertility improvement by legumes are discussed. The authors discuss 
how legumes play a role in maintaining soil health and nutrient status. In the third and 
fourth chapter, various aspects of soybean production and breeding, as well as their 
diverse use as food, are discussed. The fifth chapter presents some important aspects 
of organic grain legumes in India. In chapter 6, the approaches for soybean production 
under salinity are described. Salinity is one of the most devastating abiotic stressors for 
soybean. In this chapter, the authors show the plant responses and tolerance to salinity. 
In the next chapter, the authors show how beneficial microorganisms could confer 
stress tolerance in legumes. In chapter 8, the authors discuss the bioactive compounds 
from velvet beans. Chapter 9 presents a fascinating legume species, Hedysarum - their 
biology and production in the Caucasus.

I want to give special thanks to the authors for their outstanding and timely work 
in producing such excellent chapters. I am very thankful to Dajana Pemac and Lada 
Bozic, Author Service Managers at IntechOpen, for their prompt responses during 
the acquisition. I believe that this book will be useful for undergraduate and graduate 
students, teachers, and researchers, particularly from the field of Crop Science, Soil 
Science, Plant Breeding and Agronomy.

Mirza Hasanuzzaman
Sher-e-Bangla Agricultural University,

Dhaka, Bangladesh
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Chapter 1

Legume Genetic Resources: 
Status and Opportunities for 
Sustainability
Kuldeep Tripathi, Padmavathi G. Gore, Mamta Singh, 
Ravi K. Pamarthi, Reena Mehra and Gayacharan C

Abstract

Legumes are one of the most valuable gifts of nature to man, animal, and 
environment. These are sustainable, affordable, water-efficient, and low-carbon 
footprint crop. Globally, the share of grain legume accessions is 15% of 7.4  million 
accessions conserved in genebanks, of which more than half of germplasm in 
genebanks are without characterization and evaluation data which ultimately limit 
the utilization of germplasm in legume improvement programs. Characterization of 
all genebank accessions should be of utmost priority for enhancing the utilization. 
The development of core, mini-core, reference sets, and trait-specific germplasm 
has provided route to crop breeders for mining genebanks. Identification of new 
sources of variation became easy with these subsets, but the entire collection also 
needs to be evaluated for unique and rare traits. In crop species with narrow genetic 
base, utilization of crop wild relatives as well as new resources aids to widen the 
genetic base of legume cultigens.

Keywords: core collection, crop wild relatives, diversity, genetic resources and 
legumes

1. Introduction

One of the biggest challenges in the twenty-first century is to produce sufficient 
nutritious food in the face of climate change, population explosion, and rapid 
urbanization and to do so in an environmentally sustainable manner. The United 
Nations Sustainable Development Goal number 2 explicitly recognizes the pivotal 
role that genetic diversity plays for food security, nutrition, and sustainable agricul-
ture. Legumes, together with cereals, played a prominent role to the development 
of modern agriculture. The legume family, Fabaceae, is the third largest family of 
flowering plants, with 946 genera and 24,505 species [1]. Few domesticated ones 
have incontestably proven to be of crucial nutritional value for both humans and 
animals due to their protein content, causing them to be recognized as the second 
most valuable plant source of nutrients [2]. Legumes are extensively distributed in 
diverse agroclimatic zones globally, from alpine and arctic regions to the equatorial 
tropics.

The peculiar characteristics of the family are taproot system; bipinnate leaves; 
flower with corolla, standard petal (1), wing petal (2), and keel (2) (Figure 1); and 
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root nodules that facilitate nitrogen fixation in the soil. The family is divided into 
three subfamilies, namely, Caesalpinoideae, Mimosoideae, and Papilionoideae [3]. 
Among them, subfamily Papilionoideae is economically very important as it con-
tains most of the commercial leguminous crops. Among pulse crops, Lathyrus and 
Vicia are the largest genus comprising 160 species, which are naturally distributed 

S. no. Tribe Genus a/b/c Primary center of diversity

1 Phaseoleae Vigna 107/26/24.3 Africa, Asia

Dolichos 67/3/4.47 Africa, East Asia

Phaseolus 50/3/6 America

Cajanus 32/16/50 South Africa, South East Asia, and East Africa

Macrotyloma 25/4/6.25 Tropical Africa and Asia

2 Cicereae Cicer 44/5/8.8 Central Asia, Southwest Asia and 
Mediterranean countries, and Himalayas

3 Fabeae Lathyrus 160/8/20 Europe, Asia and North America

Vicia 160/15/10.6 Europe, Asia, and North America

Lens 5/0/nil Mediterranean countries and Central Asia

Pisum 3/0/nil Southern Europe, Mediterranean region, and 
West Asia

a, number of species present globally; b, number of species present in India; c, percentage of species found in India. 
Source: [15].

Table 1. 
List of important tribes with number of species.

Figure 1. 
Floral dissection of papilionaceous family (Vigna vexillata): (a) standard petal, (b) wing petal, and (c) keel 
petal.
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Sl. no. Botanical name Pulses Oilseeds Vegetable Seed 
spice

Root/
tuber

Forage

1 Arachis hypogaea L. 
(peanut)

√ √

2 Cajanus cajan (L.) 
Millsp. (pigeonpea)

√ √ √

3 Canavalia ensiformis 
(L.) DC. (jack bean)

√ √

4 Cicer arietinum 
L. (chickpea)

√

5 Codariocalyx motorius 
(Houtt.) H. Ohashi 
(telegraph plant)

√

6 Cyamopsis 
tetragonoloba (L.) 
Taub. (cluster bean)

√ √ √

7 Flemingia procumbens 
Roxb. (Sohphlang)

√

8 Glycine max (L.) Merr. 
(soybean)

√ √ √

9 Lablab purpureus (L.) 
Sweet (hyacinth bean)

√ √ √

10 Lathyrus sativus L. 
(grass pea)

√ √ √

11 Lens culinaris Medik. 
(lentil)

√

12 Lupinus mutabilis 
Sweet (tarwi)

√ √ √

13 Macrotyloma 
uniflorum (Lam.) 
Verdc. (horse gram)

√ √

14 Medicago sativa L. 
(lucerne)

√

15 Melilotus indicus (L.) 
All. (sweet clover)

√

16 Periandra mediterranea 
(Vell.) Taub. (sweet 
tuber)

√

17 Phaseolus lunatus L. 
(lima bean)

√

18 Phaseolus vulgaris L. 
(common bean)

√ √ √

19 Pisum sativum L. 
(garden pea)

√ √ √

20 Psophocarpus 
tetragonolobus (L.) DC. 
(winged bean)

√ √ √ √

21 Psoralea esculenta 
Pursh (bread root)

√

22 Pueraria tuberosa 
(Willd.) DC. (Indian 
Kudzu)

√
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across temperate region of Europe, Asia, and America. Vigna has six subgenera. 
Ceratotropis is mostly referred to as Asiatic Vigna. Primary centers of diversity of 
major pulse genera are presented in Table 1.

Legumes play a major role in fulfilling human, animal food, and nutritional 
needs. The major grain legumes include dry beans, chickpea, cowpea, faba bean, 
lentil, field pea and pigeonpea, green gram, and black gram. Soybean and peanut 
are predominantly oil-producing legume. Beans, yard long bean, and garden pea 
where immature seeds and pods are eaten are vegetable types of legumes. Lucerne, 
berseem, grass pea, and cowpea are the forage legumes, while tuber legume 
includes zombi pea, winged bean, Sohphlang, etc. Abrus precatorius is having poi-
sonous seeds which contain toxin abrin. In addition to these primary grain legumes, 
several underutilized potential legumes like cluster bean, horse gram, moth bean, 
and pillipsera, primarily grown in the Indian subcontinent, China, and South East 
Asia, are also equally important for ensuring food and nutritional security.

Sl. no. Botanical name Pulses Oilseeds Vegetable Seed 
spice

Root/
tuber

Forage

23 Trifolium 
alexandrinum L. 
(Egyptian clover)

√

24 Trifolium resupinatum 
L. (Persian clover)

√

25 Trigonella 
foenum-graecum L. 
(fenugreek)

√ √ √

26 Vicia faba L. 
(faba bean)

√ √ √

27 Vigna aconitifolia 
(Jacq.) Marechal 
(moth bean)

√

28 Vigna angularis 
(Willd.) Ohwi &  
H. Ohashi (adzuki 
bean)

√ √

29 Vigna mungo (L.) 
Hepper (black gram)

√

30 Vigna radiata (L.)  
R. Wilczek (green 
gram)

√

31 Vigna subterranea 
(L.) Verdc. (bambara 
groundnut)

√ √

32 Vigna umbellata 
(Thunb.) Ohwi &  
H. Ohashi (rice bean)

√ √

33 Vigna unguiculata (L.) 
Walp. (cowpea)

√ √ √

34 Vigna vexillata (L.)  
A. Rich. (zombi pea)

√ √ √ √

Table 2. 
List of important legume crops having diversified importance.
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Legumes are the reservoir of the protein, carbohydrate, fiber, and minerals. 
In addition to that, low glycemic index (GI) makes them super food that provides 
long-term health benefits. The isoflavone content of legumes plays a role in plant 
defense [4] and root nodulation and is also beneficial in human health. In addition 
to the human health, legumes also serve as fodder for livestock. The best advantage 
of legumes is nitrogen fixation, through which they enrich soil fertility and improve 
soil texture for other crops, and, hence, plays an important role in cropping system 
[5]. Legumes with their economic use are presented as follows (Table 2).

2. Conservation

Despite their significant contribution in global food and nutrition security, it 
has also been reported that their production rate becomes static mainly due to biotic 
factors like viruses, insects, parasitic weeds, nematodes, fungi, bacteria, and abiotic 
factors, viz., extreme temperatures, drought, flood, mineral imbalance, etc. [6, 7]. 
Therefore, there is a need to explore sustainable alternative strategies to improve 

Crop USDA NBPGR** VIR CGIAR institutes SGSV*

ICARDA ICRISAT IITA

Chickpea 7000 14,626 15,246 20,764 47

Pigeonpea 4806 11,321 13,783 13,177

Green gram 3931 3935 856 8620

Pea 6161 4436 6113 11,929

Cowpea 1287 3671 1493 15,933 19,355

French bean 17,223 3919 42,314

Cluster bean 4051 61

Horse gram 2557 47

Rice bean 2032

Zombi pea 32 1 460

Lucerne 1748 230

Black gram 304 2200 220 363

Soybean 33,208 4779 4575 28,034

Grass pea 2613 4220 2537

Clovers 606 5152 —

Lentil 2515 12,477 13,591

Faba bean 866 10,029 4154

Groundnut 13,406 15,622 14,583

Bambara 
groundnut

2 1890 1528

Wild Vigna 565 1878 —

Adzuki bean 187 1562
*Ref. [16].
**Ref. [17].

Table 3. 
Legume germplasm holdings in major genebanks.
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and diversify their production. For that, the use of diverse legume genetic resources 
in crop improvement is one of the most sustainable strategies and ways to conserve 
valuable genetic resources for the future. Crop improvement programs are always 
depending upon genetic diversity available in genebank. Globally, genebanks hold 
~1 million accessions of leguminous crop. Legume germplasm conserved in major 
genebank in the world has been presented in Table 3.

A large number of genetic resources are conserved ex situ in genebanks; a 
considerable amount of diversity remains untapped in the nature. Hence it became 
a priority to collect maximum amount of diverse germplasm before it lasts forever. 
Crop wild relatives (CWR) are reservoir of genes for breeding [8–10]. To explore 
the potential of CWRs in today’s changing climate, collection and conservation 
become of utmost priority.

3. Utilization

For sustainable growth in agriculture production “Conservation through use” 
approach is the only way. Storing the genetic resources will not solve the purpose 
until it is utilized. In genebanks, genetic integrity is maintained over the periods 
with the aim to utilize this variability in the future and bring them to the main-
stream breeding programs. More than 80% of genetic resources conserved in 
genebanks are without characterization and evaluation data. Huge collection size 
with large duplicates or triplicates is again a big constraint for systematic character-
ization and evaluation in multi-environment experiments. To tackle this situation, 
the concept of core collection [11] and mini-core collection [12] are considered as 
the best solution for characterization of samples that represent most of the vari-
ability of the germplasm collections. Core collection represents maximum genetic 
diversity with minimum repetitiveness of germplasm; hence, the size of germplasm 
became manageable without affecting the extent of genetic diversity of the germ-
plasm (Figure 2).

A general procedure for the selection of a core collection can be divided into five 
steps, which are described in the following sections:

i. Identify the material (collection) that will be represented.

ii. Decide on the size of the core collection.

iii. Divide the set of material used into distinct groups.

iv. Decide on the number of entries per group.

v. Choose the entries from each group that will be included in the core.

Conventional core and mini-core collections have been developed in many 
legume crops. Table 4 represents the core and mini-core developed in legumes.

Trait-specific reference set is also developed by various genebanks which 
offers huge opportunities to identify novel sources of variation for use in breeding 
program. Discovery of new traits is also possible during large-scale characteriza-
tion program which resulted into unique genotypes for its further exploitation in 
breeding programs. For example, unique seed morphotype with extended funiculus 
was found during lentil characterization of 2600 accessions of lentil, and this trait 
is associated with fast water uptake [13].
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Crop wild relatives (CWR) are wild plant species genetically more or less closely 
related to a particular crop, but unlike the crop species has not been domesticated 
and remain untouched by humans. Being progenitors of crop, they contain enor-
mous genetic variation, which are readily available to plant breeders to use in crop 
improvement programs and to meet the challenge of global food security along with 
enhancing agricultural production and sustainability in the context of a rapidly 
growing world population and accelerated climate change. CWRs can be catego-
rized based on the genecology that explains the extent to which CWRs can exchange 
genes with the crop. The Taxon Group (TG) concept is as follows: TG1a comprises 
crop species; TG1b, the taxa within the same species as crop; TG2, taxa in the same 
series or section as crop; TG3, taxa within the same subgenus as crop; TG4, taxa 

Figure 2. 
Field view of lentil characterization program at ICAR-NBPGR, India.

Sl. no. Crop Core/mini-core References

1 Soybean Core and mini-core [18–23]

2 Peanut Core and mini-core [24–28]

3 Chickpea Core and mini-core [12, 29, 30]

4 Pigeonpea Core and mini-core [30, 31]

5 Lentil Core [30, 32]

6 Mungbean Core and mini-core [33, 34]

7 Adzuki bean Core [35]

8 Common bean Core [36–42]

9 Cowpea Core [43]

10 Moth bean Core [44]

11 Pea Core [45]

12 Hyacinth bean Core [46]

13 Medicago spp. Core [47–49]

Table 4. 
List of cores and mini-cores developed in legume crops.
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Crop Gene pool References

GP1 GP2 GP3

Chickpea C. reticulatum C. echinospermum C. judaicum,  
C. pinnatifidum, 
C. bijugum, C. cumeatum, 
C. chorassanicum, and 
C. yamashitae

[50]

Cluster 
bean

C. senegalensis — — [50]

Lentil L. culinaris, L. orientalis,  
L. tomentosus

L. lamottei,  
L. odemensis

L. ervoides [51]

Green 
gram

V. radiata var. radiata,  
V. radiata var. sublobata,  
V. radiata var. setulosa

V. mungo var. 
mung0, V. mungo 
var. silvestris,  
V. aconitifolia,  
V. trilobata

V. angularis,  
V dalzelliana,  
V. glabrescens, V. grandis, 
V. umbellata, V. vexillata

[14, 52–55]

Black 
gram

V. mungo var. mungo,  
V. mungo var. silvestris

V. radiata var. 
radiata, V. radiata 
var. sublobata, 
V. radiata var. 
setulosa,  
V. aconitifolia,  
V. trilobata

V. angularis,  
V. dalzelliana,  
V. glabrescens,  
V. grandis,  
V. umbellata,  
V. vexillata

[14, 52, 53]

Cowpea V. unguiculata var. 
unguiculata (L.) Walp 
(cv. unguiculata, cv. 
biflora, cv. sesquipedalis, 
cv. melanophthalmus, cv. 
textilis), V. unguiculata var. 
spontanea (Schweinf.),  
V. unguiculata subsp. 
alba, V. unguiculata subsp. 
dekinditiana (Harms.), 
V. unguiculata subsp. 
pubescence, V. unguiculata 
subsp. stenophylla, V. 
unguiculata subsp. tenuis

V. unguiculata 
subsp. aduensis,  
V. unguiculata 
subsp. baoulensis,  
V. unguiculata 
subsp. 
burundiensis,  
V. unguiculata 
subsp. letouzeyi,  
V. unguiculata 
subsp. pawekiae

[55]

Faba bean — V. narbonensis,  
V. hyaeniscyamus, 
V. galilaea, V. 
johannis, V. bithynic

[56]

Pigeonpea C. cajanifolius C. lineatus,  
C. sericeus,  
C. scarabaeoides,  
C. albicans,  
C. trinervius,  
C. reticulatus,  
C. confertiflorus,  
C. latisepalous

C. platycarpus,  
C. lanceolatus,  
C. acutifolius

[57]

Adzuki 
bean

V. angularis var. 
nipponensis and wild 
types of  
V. umbellata

V. dalzelliana,  
V. glabrescence,  
V. minima

V. aconitifolia, V. mungo, 
V. radiata,  
V. trilobata, V. grandis

[14]

Rice bean V. angularis V. dalzelliana,  
V. glabrescence,  
V. minima

V. aconitifolia, V. mungo, 
V. radiata,  
V. trilobata, V. grandis

[14]

Table 5. 
Gene pool of major legumes.
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within the same genus as crop; and TG5, different genus to the crop [8]. CWRs have 
been categorized into three gene pools as primary gene pool (GP1) contains close 
relatives that readily intercross with the crop. Secondary gene pool (GP2) contains 

Crop Wild relative Trait Reference

Chickpea C. microphyllum Resistant to legume pod borer 
(Helicoverpa armigera)

[57]

C. echinospermum, C. pinnatifidum,  
C. bijugum, C. judaicum, and  
C. montbretii

Ascochyta blight resistance [58, 59]

C. bijugum, C. judaicum,  
C. pinnatifidum, C. reticulatum,  
C. echinospermum, and C. cuneatum

Fusarium wilt resistance [59, 60]

C. judaicum, C. pinnatifidum Gray mold resistance [60]

C. echinospermum Phytophthora root rot [61]

C. pinnatifidum, C. bijugum, and  
C. reticulatum

Cyst nematode [59]

Green 
gram

V. aconitifolia, V. glabrascence,  
V. sublobata V. umbellate

Cercospora leaf spot disease 
resistant

[62]

V. radiata var. sublobata Bruchid resistant [62, 63]

V. luteola, V. trilobata Salt stress resistant [64]

Black gram V. mungo var. silvestris Mungbean yellow mosaic virus 
(MYMV) resistance

[65]

V. mungo var. silvestris Bruchid resistance [65]

Cowpea V. pubescence, V. vexillata, V. reticulata, 
V. oblongifolia, V. luteola

Insects Resistance [65]

V. ambacensis, V. davyi, V. glabrescens, 
V. marina, V. mungo, V. oblongifolia, 
V. parkeri, V. racemosa, V. reticulata, 
V. vexillata, and V. unguiculata subsp. 
dekindtiana

Resistance to Striga gesnerioides [66]

Pigeonpea C. scarabaeoides, C. sericeus,  
C. acutifolius, C. lineatus, C. albicans

Pod fly (Melanagromyza obtusa) [67]

C. scarabaeoides, C. albicans Pod wasp (Tanaostigmodes 
cajaninae)

[68]

C. acutifolius Sterility mosaic disease 
resistance, salt tolerance

[68]

C. albicans Pod borer resistance, sterility 
mosaic disease resistance, salt 
tolerance

[68]

C. cajanifolius Nuclear male sterility, 
cytoplasmic male sterility

[68]

C. sericeus Cytoplasmic male sterility, 
Phytophthora blight resistance

[68]

Pea P. fulvum Pea weevil, rust, powdery 
mildew and Ascochyta blight

[69]

P. sativum subsp. elatius Resistant to nematodes, 
weevil, broomrape, powdery 
mildew, Fusarium wilt, root rot, 
Ascochyta blight and white wilt

[69]

Table 6. 
Wild genetic resources as trait donor in few pulse crops [70–77].
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C. scarabaeoides, C. albicans Pod wasp (Tanaostigmodes 
cajaninae)

[68]

C. acutifolius Sterility mosaic disease 
resistance, salt tolerance

[68]

C. albicans Pod borer resistance, sterility 
mosaic disease resistance, salt 
tolerance

[68]

C. cajanifolius Nuclear male sterility, 
cytoplasmic male sterility

[68]

C. sericeus Cytoplasmic male sterility, 
Phytophthora blight resistance

[68]

Pea P. fulvum Pea weevil, rust, powdery 
mildew and Ascochyta blight

[69]

P. sativum subsp. elatius Resistant to nematodes, 
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mildew, Fusarium wilt, root rot, 
Ascochyta blight and white wilt

[69]

Table 6. 
Wild genetic resources as trait donor in few pulse crops [70–77].
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all the biological species that can be crossed with the crop but where hybrids are 
usually sterile. Tertiary gene pool (GP3) comprises those species that can be crossed 
with the crop with difficulty and where gene transfer is only possible with radical 
techniques. Another way is taxonomic which is based on taxonomic relationship of 
CWR with the crop [12]. Gene pools of some of the major legumes are represented 
(Table 5).

CWRs have provided vital genetic diversity for crop improvement since the 
twentieth century. They imparted resistance to numerous pests and diseases 
and tolerance to many abiotic stresses, viz., extreme temperatures, drought, 
and flood, and to improve nutrition, flavor, color, texture, and yield stability 
[13]. Almost all modern varieties of crops contain one or more genes derived 
from a CWR and contributed significantly to the agricultural and horticultural 
industries and to the world economy [14]. Furthermore, being components of 
natural ecosystems, they also play a role in functioning and maintaining the 
ecosystem services. However, many of CWRs remain unexplored. To explore the 
unexplored potential of CWRs, collection, conservation, characterization, and 
evaluation are the only powerful ways. Some examples of the use of CWRs in 
providing resistance to abiotic and biotic stress yield and quality improvement 
are listed in Table 6.

4. Conclusions

Genetic resources are recognized as the fourth essential input after water, 
soil, and light. It is the need of hour to utilize leguminous genetic resources to 
meet the global challenges like population explosion, malnutrition, and hunger. 
Legumes are dominated by rice-wheat system in the past with the major focus on 
cereal production worldwide. This has led to a substantial decrease in research 
on legumes. In view of the current climate change scenario and environmental 
disturbances, research on landraces and CWR is strengthened in effective and 
efficient manner. Legumes have the potential to contribute significantly to eco-
friendly agricultural land use and sustainable forage production in the tropics. 
Earlier, genebanks were focusing on the conservation of genetic resources, but 
emphasis has been shifted to conservation through utilization. Overall, legume 
genetic resources provide the new potential climate smart crops, viz., zombi pea, 
winged bean, and grass pea, and also new alleles which help in developing biotic 
and abiotic stress-tolerant varieties. It is much needed to identify the bottleneck 
for the utilization of the valuable germplasm of the legumes. With the advance-
ment of the modern molecular technologies, the trait discovery and the markers 
linked to the traits need to be explored so that a large-scale screening would 
become possible and eventually help to reveal the real genetic potential of the 
germplasm conserved in the gene banks.
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Abstract

Legume plants have a probably important role to play in growing indigenous 
nitrogen production besides meeting human demands for protein and energy. Some 
legumes have the capability to solubilize in any other case unavailable phosphate 
by excreting organic acids from their roots, in addition to improving soil fertility. 
Legumes also assist to restoration of soil natural matter and limit pest and disease 
issues when used in rotation with nonleguminous crops. Research has shown that 
the organic nitrogen fixation procedure is the most environment friendly way to 
grant the giant amounts of nitrogen wished through legumes to produce high-
yielding crops with an excessive protein content. For the fixation technique to 
occur, legume vegetation must enter into a “symbiotic” or collectively beneficial 
partnership with sure microorganism known as rhizobia. Soon after legume seeds 
germinate, rhizobia current in the soil or delivered as seed inoculum invade the root 
hairs and go through an infection thread toward the root. The bacteria multiply 
rapidly in the root, causing the swelling of root cells to structure nodules.

Keywords: legume, soil fertility, greenhouse gas, crop rotation

1. Introduction

Global populace will hit 9.6 billion human beings with the aid of 2050 [1] and 
will face world challenges among which attaining meals security, reducing the risk 
of local weather exchange through lowering the net release of greenhouse gases into 
the ecosystem and assembly the increasing demand for energy are the most critical 
ones. In particular, the impact of climate trade and related biotic and abiotic stresses 
to which crop structures will be an increasing number of uncovered pose serious 
implications for global food production [2].

To meet these challenges, a policy framework needs to be developed in which 
the sustainability of production consumption patterns turns into central. In this 
context, meal legumes and legume-inclusive manufacturing systems can play 
essential roles by means of turning in more than one offerings in line with sus-
tainability principles. Indeed, legumes play central roles [3]: (a) at food-system 
level, both for human and animal consumption, as a source of plant proteins and 
with an increasingly importance in enhancing human beings health [4]; (b) at 
production-system level, due to the capability to fix atmospheric nitrogen making 
them potentially notably appropriate for inclusion in low-input cropping systems, 
and due to their function in mitigating greenhouse gases emissions [5]; and (c) at 
cropping-system levels, as diversification vegetation in agroecosystems primarily 
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and due to their function in mitigating greenhouse gases emissions [5]; and (c) at 
cropping-system levels, as diversification vegetation in agroecosystems primarily 
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based on few important species, breaking the cycles of pests and diseases and 
contributing to stability the deficit in plant protein manufacturing in many areas 
of the world.

Legumes have a probably substantial position to play in enhancing soil carbon 
sequestration. They can also have considerable additional advantages beyond their 
significance involving nitrogen fixation and excessive protein feeds. These consist 
of advantageous impacts on biodiversity and soil quality. There is a great need for 
a strong focus on creating the role of legumes and their contribution to each the 
sustainable intensification of manufacturing and the livelihoods of small holder 
farmers in many components of the world [6]. Apart from their makes use of as 
food and fodder they have a very necessary position in retaining soil fertility by 
fixing atmospheric nitrogen and enhancing soil structures and adding organic 
matters. Moreover, it is generally used as an intercrop and covers plants, and 
sometimes, it is cultivated as emergency vegetation due to its brief life cycle. Since 
it requires low fertilizer and other inputs this crop is relatively profitable in a most 
economical point of view. It also improves environmental quality by sequestrating 
carbon and mitigating other pollutants. Legumes are additionally a potential plant 
team in which some of the species having a capacity of remediating poisonous 
metals and organic pollutants [7].

2. Nitrogen fixation

Legume plant and seed tissue is distinctly high in protein. This can be without 
delay attributed to a legume’s capability to supply most of its personal nitrogen 
wants with the assist of symbiotic Rhizobia microorganism residing in their roots. 
Inoculated with the applicable stress of Rhizobia bacteria, legumes can furnish 
up to 90% of their own nitrogen (N). Shortly after a legume seed germinates in 
the presence of Rhizobia microorganism in the soil, the bacteria penetrate the 
root hairs and cross into the root itself. The bacteria multiply, inflicting a swelling 
of the root to shape pale pink nodules. Nitrogen gasoline present in the soil air is 
then sure by the microorganism which feed on carbohydrates manufactured by 
the above-ground plant in the course of photosynthesis [8]. The bacteria produce 
ammonia (NH3) from the hydrogen obtained from the plant’s carbohydrates 
and nitrogen from the air. The ammonia then provides a supply of nitrogen for 
the plant to grow. This symbiotic relationship between bacteria and legume lets 
in them both to flourish and produce a high-protein seed or forage crop. Even 
although legumes can repair nitrogen from the atmosphere, they can take up 
large quantities of soil nitrogen if it is available. Nitrogen release from a legume 
crop occurs as the above-ground plant residues, roots and nodules step by step 
decompose. Soil microorganisms decompose the highly nitrogen-rich organic cloth 
and launch the nitrogen to the soil when they die. Usually about two-thirds of the 
nitrogen fixed through a legume crop becomes handy the subsequent growing 
season after a legume in a rotation [9].

3. Advantages of legumes in soil quality

Soil quality advantages of legumes include increasing soil natural matter, 
improving soil porosity, recycling nutrients, improving soil structure, decreasing 
soil pH, diversifying the microscopic lifestyles in the soil, and breaking disease 
build-up and weed problems of grass-type crops.
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3.1 Soil natural rely

As stated previously, legumes are high in protein, and therefore, nitrogen rich. 
Because most crop residues incorporate a lot extra carbon than nitrogen, and 
microorganism in the soil need both, the nitrogen provided by legumes allows the 
decomposition of crop residues in the soil and their conversion to soil constructing 
natural matter.

3.2 Soil porosity

Several legumes have aggressive taproots reaching 6–8 feet deep and a half inch 
in diameter that open pathways deep into the soil. Nitrogen-rich legume residues 
inspire earthworms and the burrows they create. The root channels and earthworm 
burrows make bigger soil porosity, promotion air movement and water percolation 
deep into the soil.

3.3 Recycle vitamins

Because perennial and biennial legumes root deeply in the soil, they have the 
capability to recycle crop nutrients that are deep in the soil profile. This effects in a 
more environment friendly use of utilized fertilizer and prevents nutrients (par-
ticularly nitrate nitrogen) from being lost due to leaching under the root region of 
shallower-rooted crops in the rotation (Figure 1).

3.4 Improve soil structure

The improvements are attributed to increases in more stable soil aggregates. The 
protein, glomalin, symbiotically along the roots of legumes and other plants, serves 

Figure 1. 
Benefits of legume crop in improving soil sustainability [10].
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nitrogen fixed through a legume crop becomes handy the subsequent growing 
season after a legume in a rotation [9].

3. Advantages of legumes in soil quality

Soil quality advantages of legumes include increasing soil natural matter, 
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3.1 Soil natural rely

As stated previously, legumes are high in protein, and therefore, nitrogen rich. 
Because most crop residues incorporate a lot extra carbon than nitrogen, and 
microorganism in the soil need both, the nitrogen provided by legumes allows the 
decomposition of crop residues in the soil and their conversion to soil constructing 
natural matter.

3.2 Soil porosity

Several legumes have aggressive taproots reaching 6–8 feet deep and a half inch 
in diameter that open pathways deep into the soil. Nitrogen-rich legume residues 
inspire earthworms and the burrows they create. The root channels and earthworm 
burrows make bigger soil porosity, promotion air movement and water percolation 
deep into the soil.

3.3 Recycle vitamins

Because perennial and biennial legumes root deeply in the soil, they have the 
capability to recycle crop nutrients that are deep in the soil profile. This effects in a 
more environment friendly use of utilized fertilizer and prevents nutrients (par-
ticularly nitrate nitrogen) from being lost due to leaching under the root region of 
shallower-rooted crops in the rotation (Figure 1).

3.4 Improve soil structure

The improvements are attributed to increases in more stable soil aggregates. The 
protein, glomalin, symbiotically along the roots of legumes and other plants, serves 

Figure 1. 
Benefits of legume crop in improving soil sustainability [10].
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as a “glue” that binds soil together into stable aggregates. This aggregate stability 
increases pore space and tilth, reducing both soil erodibility and crusting.

3.5 Lower soil pH

Because inoculated, nodulated legumes acquire their N from the air as diatomic 
N rather than from the soil as nitrate, their net effect is to lower the pH of the 
soil. In greenhouse studies, alfalfa and soybeans lowered the pH in a clay loam 
soil by one whole pH unit. Legumes could lower the pH and promote increased 
plant-soil-microbial activity on soils with a pH above the range for optimum crop 
growth and development.

4. Biological diversity

Legumes contribute to an increased diversity of soil flora and fauna lending 
a greater stability to the total life of the soil. Legumes also foster production of a 
greater total biomass in the soil by providing additional N. Soil microbes use the 
increased N to break down carbon-rich residues of crops like wheat or corn.

4.1 Legumes and carbon sequestration

For a range of years, the practicable importance of legumes in many agro-
ecosystems, but also the restrained extent to which this possible has been realized, has 
been recognized. Legumes do not just contribute in terms of food, feed and fertility, 
but are also essential as fuelwood and with admire to carbon (C) sequestration. In 
this chapter we focal point on the extent to which legumes can contribute to greater 
C sequestration and the delivery of co-benefits including greater biodiversity and 
reduced greenhouse fuel (GHG) emissions. We additionally consider briefly the main 
reasons why legumes are currently underutilized and the possibilities for a larger 
function in the future. Enhancing C sequestration in the soil is linked to elevated 
biomass and hence to soil fertility. Raising fertility is perchance the most effective 
way of rapidly growing carbon sink capacity. Clearly, one way of doing this is through 
elevated addition of nitrogenous fertilizers. However, caution in the enormous use of 
nitrogenous fertilizers as a strategy to elevated productivity is excellent for a variety 
of reasons, consisting of the potential for other emissions. By contrast, the role of 
legumes in supplying nitrogen (N) through fixation is being increasingly more seen 
as important as an extra beneficial in terms of common GHG stability than had as 
soon as been thought. The introduction of legumes and their higher utilization as 
section of a pasture improvement system are consequently probably to be worthy of 
serious consideration in many circumstances [11].

4.2 Reduction in greenhouse gasoline emissions

Legumes are also possibly to have a position to play in lowering GHG emissions 
from ruminant systems. An approach to decreasing methane emissions of current 
interest and supported by some initial evidence is the use of tannin containing 
forages and breeding of forage species with greater tannin content. Forage legumes 
such as Lotus corniculatus (birds foot trefoil) and L. uliginosus (greater trefoil) possess 
secondary metabolites acknowledged as condensed tannins in their leaves. They 
are no longer present on the leaves of white or purple clover but are existing in the 
inflorescences. Methane production values had been lower in housed sheep fed on 
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purple clover and birds foot trefoil than on a ryegrass/white clover pasture [12]. The 
emissions of nitrous oxide from soils improved linearly with the quantity of mineral 
nitrogen fertilizer applied and because structures containing legumes produce lower 
annual nitrous oxide emissions, alfalfa and different legume vegetation need to be 
regarded differently when deriving national inventories of GHG from agriculture. 
The nitrous oxide emissions are from soils with alfalfa and soybean cropping, 
looking at soil floor emissions in evaluation with perennial grass. Low nitrous oxide 
emissions have been considered under grass and soil mineral N used to be up to ten 
instances higher beneath legumes however soil mineral N pools were not carefully 
associated to nitrous oxide emissions. Comparable emissions were viewed under 
timothy (Phleum pratense) as underneath legumes.

Legumes are soil-amendment crops with strong benefits on soil health and 
need to be an essential element of the farming systems [13]. Legumes have 
positive effects on soil processes such as benefiting agroecosystems, agricultural 
productivity, soil conservation, soil biology, SOC and N stocks, soil chemical and 
bodily properties, BNF, nitrous oxide (N2O) emission, and nitrate (NO3) leaching 
by means of lowering the need for chemical fertilizers. Above all, legumes are 
now utilized as soil nourishment agents. However, these benefits on soil health 
need to be quantified, and their mechanisms understood. Thus, incorporating 
legumes as a section of cropping systems is pertinent to higher soil fitness and 
productivity [14].

4.3 The potential for legumes to mitigate climate change

The concentrations rise, it has become an increasing number of necessary to 
account for losses of CO2 and N2O arising from agriculture. Emissions of these 
gases may occur either directly as the result of farming activities (e.g., cultivation 
and harvesting) or circuitously for the duration of the production and transport of 
required inputs (e.g., fertilizers, herbicides, and pesticides). The plausible function 
of N2-fixing legumes in lowering GHG emissions via direct effects on CO2 and N2O 
fluxes in the production of high-protein grain and forage will be in contrast to the 
functions of fertilizer N in the following sections. CO2 emissions bobbing up from 
N fertilizer manufacturing and symbiotic N2 fixation.

4.4 Role of legume vegetation on enhancing soil physical properties

Important soil physical properties are bulk density, porosity, combination 
stability, and texture. These properties are additionally associated with water-
related methods including aeration, runoff, erosion, water maintaining capacity, 
and infiltration rate [15]. Legume vegetation have a manageable to enhance 
physical properties of soil by being a soil conditioner and enhancing the physical 
residences [16]. Leguminous cover crops have a tremendous effect on soil physical 
properties broadly speaking due to the manufacturing ability of large biomass 
which affords substrata for soil organic undertaking and soil organic matter [17]. 
Furthermore, leguminous cover vegetation are grown to protect the soil from loss 
of plant nutrients and erosion, while green manure plants are grown for the motive 
of improving soil bodily properties. Moreover, some plants can physically modify 
the types of soil profile. Legumes additionally have an effect on soil shape by 
means of their impact on aggregation. Leguminous cover crops can expand or keep 
an appropriate soil C/N ratio and increase in preserving soil organic carbon stock. 
Legume plants often result in higher infiltration of water, due to direct effects of 
the crop residue in soil formation and aggregation [18–26].
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of reasons, consisting of the potential for other emissions. By contrast, the role of 
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purple clover and birds foot trefoil than on a ryegrass/white clover pasture [12]. The 
emissions of nitrous oxide from soils improved linearly with the quantity of mineral 
nitrogen fertilizer applied and because structures containing legumes produce lower 
annual nitrous oxide emissions, alfalfa and different legume vegetation need to be 
regarded differently when deriving national inventories of GHG from agriculture. 
The nitrous oxide emissions are from soils with alfalfa and soybean cropping, 
looking at soil floor emissions in evaluation with perennial grass. Low nitrous oxide 
emissions have been considered under grass and soil mineral N used to be up to ten 
instances higher beneath legumes however soil mineral N pools were not carefully 
associated to nitrous oxide emissions. Comparable emissions were viewed under 
timothy (Phleum pratense) as underneath legumes.

Legumes are soil-amendment crops with strong benefits on soil health and 
need to be an essential element of the farming systems [13]. Legumes have 
positive effects on soil processes such as benefiting agroecosystems, agricultural 
productivity, soil conservation, soil biology, SOC and N stocks, soil chemical and 
bodily properties, BNF, nitrous oxide (N2O) emission, and nitrate (NO3) leaching 
by means of lowering the need for chemical fertilizers. Above all, legumes are 
now utilized as soil nourishment agents. However, these benefits on soil health 
need to be quantified, and their mechanisms understood. Thus, incorporating 
legumes as a section of cropping systems is pertinent to higher soil fitness and 
productivity [14].

4.3 The potential for legumes to mitigate climate change

The concentrations rise, it has become an increasing number of necessary to 
account for losses of CO2 and N2O arising from agriculture. Emissions of these 
gases may occur either directly as the result of farming activities (e.g., cultivation 
and harvesting) or circuitously for the duration of the production and transport of 
required inputs (e.g., fertilizers, herbicides, and pesticides). The plausible function 
of N2-fixing legumes in lowering GHG emissions via direct effects on CO2 and N2O 
fluxes in the production of high-protein grain and forage will be in contrast to the 
functions of fertilizer N in the following sections. CO2 emissions bobbing up from 
N fertilizer manufacturing and symbiotic N2 fixation.

4.4 Role of legume vegetation on enhancing soil physical properties

Important soil physical properties are bulk density, porosity, combination 
stability, and texture. These properties are additionally associated with water-
related methods including aeration, runoff, erosion, water maintaining capacity, 
and infiltration rate [15]. Legume vegetation have a manageable to enhance 
physical properties of soil by being a soil conditioner and enhancing the physical 
residences [16]. Leguminous cover crops have a tremendous effect on soil physical 
properties broadly speaking due to the manufacturing ability of large biomass 
which affords substrata for soil organic undertaking and soil organic matter [17]. 
Furthermore, leguminous cover vegetation are grown to protect the soil from loss 
of plant nutrients and erosion, while green manure plants are grown for the motive 
of improving soil bodily properties. Moreover, some plants can physically modify 
the types of soil profile. Legumes additionally have an effect on soil shape by 
means of their impact on aggregation. Leguminous cover crops can expand or keep 
an appropriate soil C/N ratio and increase in preserving soil organic carbon stock. 
Legume plants often result in higher infiltration of water, due to direct effects of 
the crop residue in soil formation and aggregation [18–26].
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4.5 Role of legume crops on improving soil chemical properties

Soil chemical properties for sustainability are connected with the capability to 
provide vitamins for crop and retaining/denaturing hazardous chemical compounds 
or factors to the agroecosystem. Soil cation alternate capability (CEC), pH, nutrient 
levels, and soil organic carbon concentration are the primary chemical elements 
used toward the evaluation of soil fertility. Soil chemical properties have been 
associated with leguminous crops, and thus, the particulars of a soil property are 
easily interpreted and permit a rapid enhancement of the soil chemical properties 
through N-fixation and root biomass. Legume-based rotation induces modifica-
tions in the pH of the rhizosphere sector of soil. Root exudation of legumes and 
change or release of organic acids on the epidermal cell of root surfaces can also 
enhance P availability [27]. In addition, changes in pH are broadly recognized to 
affect the increase and undertaking of microorganisms [28], which are additionally 
necessary aspects in nutrient cycling processes. Leguminous green manure is a 
well-known generator of soil natural matter. Green manure, apart from increasing 
soil N, releases P, continues and renews the soil natural carbon, and improves soil 
chemical characteristics. Incorporation of legume residues is really useful to the 
soil for growing soil natural carbon awareness which is not only vital to agricultural 
productiveness however also to sequestration of C from atmospheric CO2 [29]. 
Observed that when leguminous cover plants are used as green manure and incor-
porated into the soil, their residues make bigger availability of N, P, K, and trace 
elements to the succeeding plants due to the lowering of the soil pH brought about 
by the CO2 produced in the process of decomposition [30].

4.6 Role of legume vegetation on enhancing soil microbial biomass

Soil microorganisms have a necessary link between plant productiveness and 
soil nutrient availability as they are indirectly directly engaged in the nutrients 
cycling through the conversion of inorganic and organic types of nutrients [31]. 
Legumes are one of the necessary components to increase soil microbial biomass in 
soils. Legumes play a necessary function in SMB and energetic key strategies such 
as nutrient cycling and soil organic matter decomposition and, thus, improve crop 
productiveness and soil sustainability [32]. Some microorganisms which interact 
physically with leguminous vegetation in the rhizospheric zone can also enhance 
crop productivity positively by enhancing plant increase and development [33].

4.7 Role of legume crops in soil carbon sequestration

Sequestration of soil organic carbon is one of the vital determinants of soil 
fertility, productivity, and quality. Crop residues increase carbon sequestration 
through decomposition of their residues. Increase in soil natural carbon stock 
improves soil tilth and workability, stabilizes soil aggregates, will increase soil water 
preserving and aeration, enhances buffering capacities, and improves availability 
of nutrients through breakdown of residues [34]. The soil organic carbon inven-
tory depends on soil types, crop and residue management [35], fertilizer N input, 
and frequency and kind of cropping device [36]. In the agricultural fields, legume 
plants make contributions positively to the soil natural carbon stock, soil tilth, soil 
fertility, and universal soil sustainability. Legume-based cropping systems improve 
mixture balance and lengthen the nutrient dwelling time in soil through decreasing 
the mineralization rate. Biomass production can be expanded by legume based bi 
culture, a combination of legume with nonlegume species [8, 37].
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4.8 Role of legume vegetation in improving the soil N pool

Nitrogen is vital for the crop growth, solely to water and light. However, most 
vegetation depend on the consumption of soil N to meet their needs; most highly the 
legumes, are capable of N-fixation with the symbiotic relationship with rhizobia. The 
BNF benefits not only the legumes however also improves yield in succeeding crops, 
in agroforestry systems, and in legume-cereal intercropping system. The N quan-
tity made available to cereal crop derives from the breakdown of legume-biomass 
residues. However, the affiliation of N tends to cross from crop containing enor-
mously high N (i.e., legumes) to those with an increased N demand (nonlegume). 
An approach to raise N supply in cropping structures is the inclusion of N-fixing 
leguminous crops, which can grant N advantages to the vegetation thru N transfer. 
The extent of biologically fixed N/year by way of legumes varies significantly from 
zero to several hundred kg N/ha.

4.9 Role of legumes in mitigating greenhouse gas and enhancing soil pleasant

1. Lower the emission of greenhouse gases (GHG) such as carbon dioxide (CO2) 
and nitrous oxide (N2O) compared with agricultural systems based totally on 
mineral N fertilization.

2. Have an essential role in the sequestration of carbon in soils.

3. Reduce the overall fossil power inputs in the system.

5. Importance of legumes

Increased cultivation of legumes is integral for the regeneration of nutrient-
deficient soils and for imparting wanted protein, minerals, and nutritional vitamins 
to human beings and livestock. Legumes can be an ability of improving the liveli-
hoods of smallholder farmers round the world.

5.1 Legumes in human nutrition

• As a supply of protein, grain legumes (such as pigeon pea, chickpea, soybean 
or mung bean) are a true supply of protein, with a protein content material 
ranging from 17 to 40%.

By combining cereal and grain consumption, farmers and their families can 
achieve protein stability and dietary improvement.

• As a supply of essential vitamins and minerals, legume seeds contain  
tremendous quantities of minerals (calcium, zinc, iron) and nutritional 
vitamins (folic acid and diet B).

5.2 Legumes for animal nutrition

Cereal crop residues supplemented with forage legumes notably increase nor-
mal animal productivity. For example, improved fowl egg production has been 
mentioned when pulse grains are protected in their feed. Adding the residue from 
legume flora into cattle forage can expand the digestibility and typical quality of 
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fertility, productivity, and quality. Crop residues increase carbon sequestration 
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cereal crop residues. For example, maize residues tend to be high in carbohydrates 
however low in protein; therefore, adding leguminous flora will make a contribution 
to multiplied livestock nutrition.

5.3 Legumes for crop and soil improvement

For most effective yield, plants require a furnish of mineral nutrients, the most 
essential of which is nitrogen. Exhausted soils are often low in nitrogen, meaning that 
farmers are usually applying inorganic fertilizers. However, as fertilizer expenses 
increase, farmers battle to acquire properly yields. This trouble can be addressed 
by incorporating legumes into the cropping system. Leguminous plant have a 
close relationship with nitrogen-fixing microorganism known as Rhizobium. By 
biologically fixing nitrogen ranges in the soil, legumes grant a fantastically low-cost 
approach of changing nitrogen in the soil, improving soil fertility and boosting 
subsequent crop yields.

6. Conclusion

The use of nitrogen-fixing legume-based leys, whether they are used for grazing, 
conservation or mulched to build soil fertility, is the basis of most organic systems. 
Their use is enshrined in the organic standards, which require the inclusion of 
legumes in rotations. The wider benefits of legumes, particularly in providing food 
for pollinators, are also increasingly being recognized. Globally, the amount of carbon 
di oxide respired from the root systems of N2-fixing legumes could be comparable to, 
or higher than, the carbon di oxide generated during nitrogen-fertilizer production. 
However, the carbon di oxide respired from the nodulated roots of legumes originated 
from the atmosphere via photosynthesis, so any of the carbon di oxide that was not 
subsequently recaptured by the plant and eventually escaped from the legume canopy 
to the atmosphere would essentially be carbon neutral. By contrast, all the carbon di 
oxide released during the synthesis of fertilizer nitrogen would be derived from fossil 
energy and represents a net contribution to atmospheric concentrations of carbon di 
oxide.
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cereal crop residues. For example, maize residues tend to be high in carbohydrates 
however low in protein; therefore, adding leguminous flora will make a contribution 
to multiplied livestock nutrition.

5.3 Legumes for crop and soil improvement

For most effective yield, plants require a furnish of mineral nutrients, the most 
essential of which is nitrogen. Exhausted soils are often low in nitrogen, meaning that 
farmers are usually applying inorganic fertilizers. However, as fertilizer expenses 
increase, farmers battle to acquire properly yields. This trouble can be addressed 
by incorporating legumes into the cropping system. Leguminous plant have a 
close relationship with nitrogen-fixing microorganism known as Rhizobium. By 
biologically fixing nitrogen ranges in the soil, legumes grant a fantastically low-cost 
approach of changing nitrogen in the soil, improving soil fertility and boosting 
subsequent crop yields.

6. Conclusion

The use of nitrogen-fixing legume-based leys, whether they are used for grazing, 
conservation or mulched to build soil fertility, is the basis of most organic systems. 
Their use is enshrined in the organic standards, which require the inclusion of 
legumes in rotations. The wider benefits of legumes, particularly in providing food 
for pollinators, are also increasingly being recognized. Globally, the amount of carbon 
di oxide respired from the root systems of N2-fixing legumes could be comparable to, 
or higher than, the carbon di oxide generated during nitrogen-fertilizer production. 
However, the carbon di oxide respired from the nodulated roots of legumes originated 
from the atmosphere via photosynthesis, so any of the carbon di oxide that was not 
subsequently recaptured by the plant and eventually escaped from the legume canopy 
to the atmosphere would essentially be carbon neutral. By contrast, all the carbon di 
oxide released during the synthesis of fertilizer nitrogen would be derived from fossil 
energy and represents a net contribution to atmospheric concentrations of carbon di 
oxide.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Soybean is one of the most widely planted and used legumes in the world due 
to its valuable seed composition. The many significant agronomic practices that 
are utilized in soybean production are highlighted with an emphasis on those used 
during the pregrowing season and growing season. The various pests of soybeans 
and the pest management strategies used to control them are described with 
special attention to insects, weeds, bacteria, fungi, and nematodes. The multitude 
of soybean uses for livestock and human consumption, and its industrial uses are 
discussed in this chapter. Additionally, the conventional breeding and genetic 
engineering attempts to improve soybean protein, oil, and sucrose content as well as 
eliminate the antinutritional factors, such as trypsin inhibitors, raffinose, stachy-
ose, and phytate, are examined. In this chapter, the various management practices, 
uses, and breeding efforts of soybean will be discussed.

Keywords: agronomic practices, pest management, soybean uses, breeding, genetic 
engineering

1. Introduction

Soybean (Glycine max) is one of the most valuable, versatile, and nutritionally 
important legumes globally. It can be grown in a multitude of environments, using 
a variety of management practices, and for diverse end-user purposes. In 2018, 
roughly 398 million tons of soybeans were produced worldwide which accounted 
for 61% of overall oilseed production and 6% of the world’s arable land use [1–3]. 
The United States, Brazil, and Argentina constituted approximately 81% of interna-
tional soybean production, producing 34, 32, and 15%, respectively [4, 5]. Soybean 
seed composition and its main components, meal and oil, are the driving forces 
behind crop production that has increased nearly 350% since 1987 [5]. Soybean 
meal is intricately connected to the food supply through direct food consumption 
and indirect consumption as a large source of livestock feed. Soy oil provides great 
versatility with uses in food and beverage, wax, construction, cosmetics, plastics, 
and fuel.

Soybean originated in East Asia and has been cultivated in China for millennia. It 
is estimated that the domestication event from wild soybean (Glycine soja) occurred 
during the Shang Dynasty, 1700–1100 B.C. [6]. While no longer the largest producer, 
China and other Asian countries continue to incorporate large quantities of traditional 
and innovative soy foods into their diet. In 2018, China was the largest customer for 
United States whole soybeans, importing over $3 billion worth [7]. The United States 
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and western countries mainly utilize soybean indirectly in the food supply as livestock 
feed and food ingredients such as textured vegetable protein and protein isolates. 
However, as more consumers are looking for plant-based protein in their diet, soy foods 
will become a globally viable alternative to animal protein. As the soybean appetite 
has increased and transformed, scientific developments have also improved soybean 
production through agronomic, management, and genetic methods to meet demand.

2. Agronomic practices

2.1 Pregrowing season practices

Soybeans are one of the most flexible crops in terms of production methods, geo-
graphical growing regions, and end use versatility. Therefore, there are multiple agro-
nomic practices to consider when preparing a field for soybean production. While 
tillage and fertilization practices are common among producers, technique speci-
fications can vary greatly due to preferences, environmental conditions, and cost. 
Historically, mechanized and non-mechanized tillage was considered a vital practice 
to maximize crop yield and value [8]. While tillage is still a useful tool, contemporary 
research has corroborated the dangers of over-tilling and the potential benefits from 
soil conservation and no-till operations. No-till practices and conservation tillage 
for soybean are wide-spread in areas of highly-erodible soil, and some research has 
shown that soybean yields remain the same or increase with decreased tillage [9–12]. 
However, other research has shown that rotational tillage practices will provide higher 
crop value than no-till practices, specifically because of herbicide costs and equip-
ment requirements [13–15]. Given the need for proper soil maintenance, conservation 
tillage (<30% crop residue left on the soil surface) is a popular compromise, especially 
in herbicide tolerant soybean production [16, 17]. Research has further elucidated the 
benefits of conservation tillage and no-till practices on soil health by showing positive 
correlations with rhizobia and nematode populations [18, 19].

Pre-plant fertilization for a variety of macro and micronutrients is another 
common practice in soybean production. Soil fertility programs are designed to 
provide sufficient nutrients for a crop’s needs which maximizes crop yield and 
farm efficiency while also minimizing environmental impact. To prepare a field for 
soybean planting, a farmer must start by determining what nutrients are already 
present in the soil; this can be accomplished by a variety of soil sampling and 
analysis methods [20]. The primary macronutrients, nitrogen (N), phosphorous 
(P), and potassium (K), should be examined first alongside critical secondary 
macronutrients and micronutrients such as sulfur (S), calcium (Ca), magnesium 
(Mg), zinc (Zn), manganese (Mn), boron (B), iron (Fe), and copper (Cu). General 
field nutrient requirement guidelines for soybean production are summarized in 
Table 1. While soybeans require a large amount of nitrogen, fertilization is usually 
unnecessary because of the symbiotic relationship with Bradyrhizobium japonicum, 

Table 1. 
Estimated nutrient uptake and accumulation for 3500 kg/ha−1 (52 bu/ac) soybean yield [21–23].
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a bacterium that performs nitrogen fixation and provides plant available nitrogen 
[9, 21, 22]. Depending on field conditions, 25–75% of nitrogen in mature soybeans 
can originate from symbiotic nitrogen fixation [24]. Excess nitrogen has been linked 
to negative plant physiological conditions and inhibited rhizobia activity [25]. Thus, 
the best solution to limited field nitrogen is sometimes soil or seed-applied bacterial 
inoculation [21, 22, 25]. Soil pH is also a vital component of field management. It 
is well-documented that all nutrients have varying availability to plants depending 
on pH [22, 26, 27]. Generally, soybeans prefer a slightly acidic soil ranging from 6 
to 7 pH [9, 22]. Liming a field is the optimum technique to raise pH, while the most 
common practice for lowering pH is elemental sulfur application.

While yield is the driving factor for fertilization, recent market changes have 
adjusted soybean valuation with increased focus on seed composition quality. Amino 
acid profiles as descriptors for protein quality in human food and livestock feed as well 
as high oleic acid soybeans for increased functionality and performance are just two 
examples of possible premiums producers can receive through soybean seed composi-
tion. Research has shown that agronomic practices coupled with location-dependent, 
environmental variables can directly impact those premiums [28–30]. Nitrogen fertil-
ization plays a limited role in seed composition as it is rarely needed due to the bacterial 
nitrogen fixation. However, excess nitrogen has been shown to decrease the levels of 
sulfur-containing amino acids and has an inconsistent effect on fatty acid concentra-
tions [31, 32]. Phosphorous applications can increase protein quantity without adjust-
ing the amino acid profile but also has a positive correlation with higher phytic acid and 
isoflavone concentrations [33–35]. Additionally, phytic acid has been shown to increase 
alongside zinc concentrations [33]. Pre-plant potassium applications have limited 
return on investment in regard to yield and seed composition; however, potassium 
deficient soybean plants are at a greater risk to insect pests, specifically aphids [36, 37]. 
Limited yield response is observed with sulfur applications. Although researchers have 
found the use of sulfur fertilizers to be economically viable, particularly on coarse soils, 
sulfur fertilization is rarely recommended [9, 21, 38]. Soil sulfur levels have also been 
shown to greatly impact the ratio between 11S and 7S seed storage proteins [39]. As 
markets continue to change and value differing soybean seed compositions, it will be 
critical for producers to fertilize with both yield and seed components in mind.

2.2 Growing season practices

Soybean producers make decisions throughout the year that impact final yield, 
value, and profit from their annual crop. Many of the most critical decisions 
occur at the beginning of and throughout the growing season. From the moment a 
soybean seed is planted to harvest, producers choose (or decide against) a multitude 
of practices including crop rotation, row spacing, population density, irrigation, 
post-emergence fertilization, and pest management. Maximizing a potential soy-
bean crop is directly connected to previous field usage. Crop rotation or the process 
of growing different crops in sequenced seasons within the same field is a common 
practice in soybean production. Corn (Zea mays) and soybean rotations are advan-
tageous because of corn’s high nitrogen demand which can be alleviated through 
Bradyrhizobium japonicum nitrogen fixation in soybean nodules. Corn and soybean 
rotations also exhibit beneficial energy balance and grain yield improvement [13, 40]. 
Rotations including corn and soybeans as well as wheat (Triticum), oats (Avena 
sativa), barley (Hordeum vulgare), cotton (Gossypium), and forageable pasture have 
also shown potential for economic and environmental gains [22, 41, 42]. Although 
depending on crop sequences, new management practices may be needed. For 
example, alfalfa or clover following soybeans would require liming for maximum 
production as those crops prefer a slightly higher pH [43].
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and western countries mainly utilize soybean indirectly in the food supply as livestock 
feed and food ingredients such as textured vegetable protein and protein isolates. 
However, as more consumers are looking for plant-based protein in their diet, soy foods 
will become a globally viable alternative to animal protein. As the soybean appetite 
has increased and transformed, scientific developments have also improved soybean 
production through agronomic, management, and genetic methods to meet demand.

2. Agronomic practices

2.1 Pregrowing season practices

Soybeans are one of the most flexible crops in terms of production methods, geo-
graphical growing regions, and end use versatility. Therefore, there are multiple agro-
nomic practices to consider when preparing a field for soybean production. While 
tillage and fertilization practices are common among producers, technique speci-
fications can vary greatly due to preferences, environmental conditions, and cost. 
Historically, mechanized and non-mechanized tillage was considered a vital practice 
to maximize crop yield and value [8]. While tillage is still a useful tool, contemporary 
research has corroborated the dangers of over-tilling and the potential benefits from 
soil conservation and no-till operations. No-till practices and conservation tillage 
for soybean are wide-spread in areas of highly-erodible soil, and some research has 
shown that soybean yields remain the same or increase with decreased tillage [9–12]. 
However, other research has shown that rotational tillage practices will provide higher 
crop value than no-till practices, specifically because of herbicide costs and equip-
ment requirements [13–15]. Given the need for proper soil maintenance, conservation 
tillage (<30% crop residue left on the soil surface) is a popular compromise, especially 
in herbicide tolerant soybean production [16, 17]. Research has further elucidated the 
benefits of conservation tillage and no-till practices on soil health by showing positive 
correlations with rhizobia and nematode populations [18, 19].

Pre-plant fertilization for a variety of macro and micronutrients is another 
common practice in soybean production. Soil fertility programs are designed to 
provide sufficient nutrients for a crop’s needs which maximizes crop yield and 
farm efficiency while also minimizing environmental impact. To prepare a field for 
soybean planting, a farmer must start by determining what nutrients are already 
present in the soil; this can be accomplished by a variety of soil sampling and 
analysis methods [20]. The primary macronutrients, nitrogen (N), phosphorous 
(P), and potassium (K), should be examined first alongside critical secondary 
macronutrients and micronutrients such as sulfur (S), calcium (Ca), magnesium 
(Mg), zinc (Zn), manganese (Mn), boron (B), iron (Fe), and copper (Cu). General 
field nutrient requirement guidelines for soybean production are summarized in 
Table 1. While soybeans require a large amount of nitrogen, fertilization is usually 
unnecessary because of the symbiotic relationship with Bradyrhizobium japonicum, 

Table 1. 
Estimated nutrient uptake and accumulation for 3500 kg/ha−1 (52 bu/ac) soybean yield [21–23].
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a bacterium that performs nitrogen fixation and provides plant available nitrogen 
[9, 21, 22]. Depending on field conditions, 25–75% of nitrogen in mature soybeans 
can originate from symbiotic nitrogen fixation [24]. Excess nitrogen has been linked 
to negative plant physiological conditions and inhibited rhizobia activity [25]. Thus, 
the best solution to limited field nitrogen is sometimes soil or seed-applied bacterial 
inoculation [21, 22, 25]. Soil pH is also a vital component of field management. It 
is well-documented that all nutrients have varying availability to plants depending 
on pH [22, 26, 27]. Generally, soybeans prefer a slightly acidic soil ranging from 6 
to 7 pH [9, 22]. Liming a field is the optimum technique to raise pH, while the most 
common practice for lowering pH is elemental sulfur application.

While yield is the driving factor for fertilization, recent market changes have 
adjusted soybean valuation with increased focus on seed composition quality. Amino 
acid profiles as descriptors for protein quality in human food and livestock feed as well 
as high oleic acid soybeans for increased functionality and performance are just two 
examples of possible premiums producers can receive through soybean seed composi-
tion. Research has shown that agronomic practices coupled with location-dependent, 
environmental variables can directly impact those premiums [28–30]. Nitrogen fertil-
ization plays a limited role in seed composition as it is rarely needed due to the bacterial 
nitrogen fixation. However, excess nitrogen has been shown to decrease the levels of 
sulfur-containing amino acids and has an inconsistent effect on fatty acid concentra-
tions [31, 32]. Phosphorous applications can increase protein quantity without adjust-
ing the amino acid profile but also has a positive correlation with higher phytic acid and 
isoflavone concentrations [33–35]. Additionally, phytic acid has been shown to increase 
alongside zinc concentrations [33]. Pre-plant potassium applications have limited 
return on investment in regard to yield and seed composition; however, potassium 
deficient soybean plants are at a greater risk to insect pests, specifically aphids [36, 37]. 
Limited yield response is observed with sulfur applications. Although researchers have 
found the use of sulfur fertilizers to be economically viable, particularly on coarse soils, 
sulfur fertilization is rarely recommended [9, 21, 38]. Soil sulfur levels have also been 
shown to greatly impact the ratio between 11S and 7S seed storage proteins [39]. As 
markets continue to change and value differing soybean seed compositions, it will be 
critical for producers to fertilize with both yield and seed components in mind.

2.2 Growing season practices

Soybean producers make decisions throughout the year that impact final yield, 
value, and profit from their annual crop. Many of the most critical decisions 
occur at the beginning of and throughout the growing season. From the moment a 
soybean seed is planted to harvest, producers choose (or decide against) a multitude 
of practices including crop rotation, row spacing, population density, irrigation, 
post-emergence fertilization, and pest management. Maximizing a potential soy-
bean crop is directly connected to previous field usage. Crop rotation or the process 
of growing different crops in sequenced seasons within the same field is a common 
practice in soybean production. Corn (Zea mays) and soybean rotations are advan-
tageous because of corn’s high nitrogen demand which can be alleviated through 
Bradyrhizobium japonicum nitrogen fixation in soybean nodules. Corn and soybean 
rotations also exhibit beneficial energy balance and grain yield improvement [13, 40]. 
Rotations including corn and soybeans as well as wheat (Triticum), oats (Avena 
sativa), barley (Hordeum vulgare), cotton (Gossypium), and forageable pasture have 
also shown potential for economic and environmental gains [22, 41, 42]. Although 
depending on crop sequences, new management practices may be needed. For 
example, alfalfa or clover following soybeans would require liming for maximum 
production as those crops prefer a slightly higher pH [43].
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Protecting and revitalizing the soil through non-harvested crops planted between 
soybean growing seasons or cover cropping is also beneficial. Cover crops protect 
the soil that would otherwise be farrow and replenish nutrients assimilated into the 
soybean plant [9, 22, 43]. Furthermore, cover crops can beneficially reduce weed 
pressure, lessen soil compaction, and improve water conservation [44–46]. However, 
cover crops increase annual cost and have not been shown to increase soybean yield 
which can negatively impact certain producer’s net profit [47]. Many farmers who 
receive enough growing degree units throughout the year also limit farrow fields by 
double cropping with soybean. Soybean and wheat double crop systems have exhib-
ited high economic returns for producers in both field and modeling research [48, 49]. 
Double cropped soybeans exhibit lower yield due to late planting and decreased leaf-
area-index potential, but this can be mitigated with early maturing varieties [50, 51]. 
Intercropping or growing at least two crops simultaneously is another, less-common 
option for soybean production. Corn and soybean intercropping can increase yields 
for both crops with the proper seeding rates [52, 53]. Wheat and soybean intercrop-
ping also displays positive yield response [54, 55]. Sugarcane (Saccharum officinarum) 
and soybean interspecific relationships increase sugarcane yield and improves rhizo-
spheric activity while reducing soybean yield [56]. While intercropping can enhance 
value for soybean producers, it is unsuitable for most large-scale production systems.

After choosing a cropping system, soybean producers must then determine the 
proper row spacing and population density for their environment. The appropriate 
balance between row space and plant density is critical for maximum soybean produc-
tion and reliable economic returns. Narrow rows and high plant densities both cor-
relate with quickened canopy closure and weed suppression [57–60]. Increased plants 
per field also increase cost; however, subsequent increased yield and profit overcomes 
the cost [61–63]. As soybeans emerge and grow, the next consideration for producers 
is irrigation. This localized decision can be based upon historical precipitation records, 
predicted forecasts, day-to-day weather events, or a combination of factors. In the 
absence of natural precipitation, irrigation is vital to soybean production as water 
deficiencies inhibit yield potential [64–67]. Irrigation can also be optimized spatially 
throughout a field with variable rate techniques and temporally across the growing 
season by targeting specific growth stages [68, 69]. Fertigation applications can be used 
to combine applications of post-emergent fertilizer with irrigation. Other methods of 
post-emergent fertilization including foliar spray and direct-to-soil applications are 
more common solutions for growing season nutrient issues. Plant tissue sampling and 
analysis can be coupled with soil samples to determine in-season soil deficiencies and 
to prescribe further applications [9, 21, 26]. As soybean increases nitrogen uptake dur-
ing reproductive stages when bacterial fixation may be diminishing, soil or foliar nitro-
gen applications are typical yet usually ineffective. While limited yield increases can be 
seen from supplemental nitrogen applications or various nutrient combinations, the 
economic returns generally fail to cover the cost of application [70–73]. Foliar nutrient 
applications have shown minor impacts on seed protein and oil content; however, these 
results are inconsistent amongst experiments [74, 75]. A location-specific, comprehen-
sive nutrient management plan that accounts for all other agronomic practices is the 
best method for maximizing yield and economic returns in soybean production.

3. Pest management

3.1 Insect pests

Insect and insect-like pests of soybean vary greatly ranging from aphids to 
stinkbugs to loopers to beetles. Which insects are the major pests and potential pest 
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impact on soybean varies significantly from year to year and depends on the region 
the soybean crop is grown. Total damage by insects is a little ambiguous but yield 
losses of up to 80% have been reported [76]. Some prominent insect pests include 
soybean aphids (Aphis glycines), Japanese beetle (Popillia japonica Newman), 
Mexican bean beetle (Epilachna varivestis Mulsant), two-spotted spider mites 
(Tetranychus urticae), brown marmorated and red banded stinkbug (Halyomorpha 
halys and Piezodorous guildinii), bean leaf beetle (Cerotoma trifurcata), and kudzu 
bug (Megacopta cribraria Fabricius) [76–81].

Insecticides constitute a large portion of insect management as they are used to 
control most insect pests and in some cases are the primary method of control [80]. 
Integrated pest management (IPM) is becoming more common among growers 
due to its ability to reduce pesticide use, non-pests affected, workers’ exposure to 
pesticides, and the likelihood insecticide resistance [82, 83]. Additionally, it has 
been found to be effective at reducing damage done by pests equivalent to conven-
tional methods [84]. IPM works similarly for all pests. It involves monitoring fields 
to determine which pests are present, determining which pesticides can and should 
be used, and incorporating cultural management practices [83]. For insects, trap 
cropping and sweep nets are used to monitor and determine which insect pests are 
present [85, 86]. The cultural practices used in insect management include altering 
planting date and row spacing, using no-till fields, and using resistant soybean 
cultivars [76–81].

3.2 Weeds

Weeds are considered one of the most damaging, if not the most damaging 
pests, in soybean [87]. About 37% of global production of soybean is affected by 
soybean, while 23% of global production is affected by other pests [88]. In the 
United States alone, it has caused losses of several million US dollars each year [87]. 
Weeds pose a problem for soybean crops since they compete for nutrients, space, 
and other resources [89]. There are many different weed pests that compete with 
soybean, some of which include common waterhemp (Amaranthus rudis), Canadian 
horseweed (Conyza canadensis), giant ragweed (Ambrosia trifida), ivy-leaf morning 
glory (Ipomea hederacea), common cocklebur (Xanthium strumarium), Johnsongrass 
(Sorghum halepense), and pigweed (Amaranthus spp.) [90, 91]. It is important to 
note that which weeds are found in a particular field depends largely on where the 
soybean crops are grown.

Management of weeds is largely done through integrated pest management. This 
involves using herbicides along with herbicide resistant soybean varieties and cul-
tural practices [87, 92]. There are many different classes of herbicides that include 
enzyme inhibitors, lipid synthesis inhibitors, photosystems diverters, nucleic acid 
inhibitors, and auxin inhibitors [93]. Historically, herbicides have been a large 
part of weed management and will most likely remain significant due to effective-
ness and limited efficiency through other individual methods [87]. Furthermore, 
herbicide effectiveness can be improved by using herbicide resistant soybean, such 
as glyphosate resistant Roundup Ready soybean. Although since weeds can develop 
resistance to herbicides, it is important to incorporate other management practices 
[87]. One such method is herbicide spray timing. A common management practice 
involves pre- and postemergence herbicide applications. This involves spraying 
herbicides before and a few days after the soybean plants have emerged to reduce 
any damage to the soybean plants [94]. Additionally, cultural control practices are 
used including crop rotations, planting in narrow rows and proper fertilization to 
promote crop competition, and cultivation [92]. Crop rotations allow for different 
herbicides to be used which in turn helps to prevent the development of herbicide 
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Protecting and revitalizing the soil through non-harvested crops planted between 
soybean growing seasons or cover cropping is also beneficial. Cover crops protect 
the soil that would otherwise be farrow and replenish nutrients assimilated into the 
soybean plant [9, 22, 43]. Furthermore, cover crops can beneficially reduce weed 
pressure, lessen soil compaction, and improve water conservation [44–46]. However, 
cover crops increase annual cost and have not been shown to increase soybean yield 
which can negatively impact certain producer’s net profit [47]. Many farmers who 
receive enough growing degree units throughout the year also limit farrow fields by 
double cropping with soybean. Soybean and wheat double crop systems have exhib-
ited high economic returns for producers in both field and modeling research [48, 49]. 
Double cropped soybeans exhibit lower yield due to late planting and decreased leaf-
area-index potential, but this can be mitigated with early maturing varieties [50, 51]. 
Intercropping or growing at least two crops simultaneously is another, less-common 
option for soybean production. Corn and soybean intercropping can increase yields 
for both crops with the proper seeding rates [52, 53]. Wheat and soybean intercrop-
ping also displays positive yield response [54, 55]. Sugarcane (Saccharum officinarum) 
and soybean interspecific relationships increase sugarcane yield and improves rhizo-
spheric activity while reducing soybean yield [56]. While intercropping can enhance 
value for soybean producers, it is unsuitable for most large-scale production systems.

After choosing a cropping system, soybean producers must then determine the 
proper row spacing and population density for their environment. The appropriate 
balance between row space and plant density is critical for maximum soybean produc-
tion and reliable economic returns. Narrow rows and high plant densities both cor-
relate with quickened canopy closure and weed suppression [57–60]. Increased plants 
per field also increase cost; however, subsequent increased yield and profit overcomes 
the cost [61–63]. As soybeans emerge and grow, the next consideration for producers 
is irrigation. This localized decision can be based upon historical precipitation records, 
predicted forecasts, day-to-day weather events, or a combination of factors. In the 
absence of natural precipitation, irrigation is vital to soybean production as water 
deficiencies inhibit yield potential [64–67]. Irrigation can also be optimized spatially 
throughout a field with variable rate techniques and temporally across the growing 
season by targeting specific growth stages [68, 69]. Fertigation applications can be used 
to combine applications of post-emergent fertilizer with irrigation. Other methods of 
post-emergent fertilization including foliar spray and direct-to-soil applications are 
more common solutions for growing season nutrient issues. Plant tissue sampling and 
analysis can be coupled with soil samples to determine in-season soil deficiencies and 
to prescribe further applications [9, 21, 26]. As soybean increases nitrogen uptake dur-
ing reproductive stages when bacterial fixation may be diminishing, soil or foliar nitro-
gen applications are typical yet usually ineffective. While limited yield increases can be 
seen from supplemental nitrogen applications or various nutrient combinations, the 
economic returns generally fail to cover the cost of application [70–73]. Foliar nutrient 
applications have shown minor impacts on seed protein and oil content; however, these 
results are inconsistent amongst experiments [74, 75]. A location-specific, comprehen-
sive nutrient management plan that accounts for all other agronomic practices is the 
best method for maximizing yield and economic returns in soybean production.

3. Pest management

3.1 Insect pests

Insect and insect-like pests of soybean vary greatly ranging from aphids to 
stinkbugs to loopers to beetles. Which insects are the major pests and potential pest 
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impact on soybean varies significantly from year to year and depends on the region 
the soybean crop is grown. Total damage by insects is a little ambiguous but yield 
losses of up to 80% have been reported [76]. Some prominent insect pests include 
soybean aphids (Aphis glycines), Japanese beetle (Popillia japonica Newman), 
Mexican bean beetle (Epilachna varivestis Mulsant), two-spotted spider mites 
(Tetranychus urticae), brown marmorated and red banded stinkbug (Halyomorpha 
halys and Piezodorous guildinii), bean leaf beetle (Cerotoma trifurcata), and kudzu 
bug (Megacopta cribraria Fabricius) [76–81].

Insecticides constitute a large portion of insect management as they are used to 
control most insect pests and in some cases are the primary method of control [80]. 
Integrated pest management (IPM) is becoming more common among growers 
due to its ability to reduce pesticide use, non-pests affected, workers’ exposure to 
pesticides, and the likelihood insecticide resistance [82, 83]. Additionally, it has 
been found to be effective at reducing damage done by pests equivalent to conven-
tional methods [84]. IPM works similarly for all pests. It involves monitoring fields 
to determine which pests are present, determining which pesticides can and should 
be used, and incorporating cultural management practices [83]. For insects, trap 
cropping and sweep nets are used to monitor and determine which insect pests are 
present [85, 86]. The cultural practices used in insect management include altering 
planting date and row spacing, using no-till fields, and using resistant soybean 
cultivars [76–81].

3.2 Weeds

Weeds are considered one of the most damaging, if not the most damaging 
pests, in soybean [87]. About 37% of global production of soybean is affected by 
soybean, while 23% of global production is affected by other pests [88]. In the 
United States alone, it has caused losses of several million US dollars each year [87]. 
Weeds pose a problem for soybean crops since they compete for nutrients, space, 
and other resources [89]. There are many different weed pests that compete with 
soybean, some of which include common waterhemp (Amaranthus rudis), Canadian 
horseweed (Conyza canadensis), giant ragweed (Ambrosia trifida), ivy-leaf morning 
glory (Ipomea hederacea), common cocklebur (Xanthium strumarium), Johnsongrass 
(Sorghum halepense), and pigweed (Amaranthus spp.) [90, 91]. It is important to 
note that which weeds are found in a particular field depends largely on where the 
soybean crops are grown.

Management of weeds is largely done through integrated pest management. This 
involves using herbicides along with herbicide resistant soybean varieties and cul-
tural practices [87, 92]. There are many different classes of herbicides that include 
enzyme inhibitors, lipid synthesis inhibitors, photosystems diverters, nucleic acid 
inhibitors, and auxin inhibitors [93]. Historically, herbicides have been a large 
part of weed management and will most likely remain significant due to effective-
ness and limited efficiency through other individual methods [87]. Furthermore, 
herbicide effectiveness can be improved by using herbicide resistant soybean, such 
as glyphosate resistant Roundup Ready soybean. Although since weeds can develop 
resistance to herbicides, it is important to incorporate other management practices 
[87]. One such method is herbicide spray timing. A common management practice 
involves pre- and postemergence herbicide applications. This involves spraying 
herbicides before and a few days after the soybean plants have emerged to reduce 
any damage to the soybean plants [94]. Additionally, cultural control practices are 
used including crop rotations, planting in narrow rows and proper fertilization to 
promote crop competition, and cultivation [92]. Crop rotations allow for different 
herbicides to be used which in turn helps to prevent the development of herbicide 
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resistant weeds [92]. Promoting crop competition through planting density allows 
soybean plants to grow enough to create a canopy to maximize shading of weeds 
[92]. Cultivation is an effective and economical way to control weeds to help 
minimize herbicide use [92]. All of the aforementioned management practices are 
parts of integrated weed management and will continue to play a significant role in 
control of weeds.

3.3 Diseases

Similar to the insect pests, there is a wide variety of diseases in soybean. Most 
diseases are caused by fungal and bacterial diseases and can be vectored by nema-
todes. Fungal diseases have been known to reduce yield up to 50%, while bacterial 
diseases have been known to cause yield loss of anywhere between 15 and 60% 
[76]. Which disease is the most devastating depends on the region and the year, 
but the most prevalent diseases include Heterodera glycines, Phytophthora sojae, 
Colletotrichum truncatum, Septoria glycines, and Phakopsora pachyrhizi [76]. Of these 
five diseases, Heterodera glycines, or soybean cyst nematode is the most economic 
damaging disease being found in all countries that grow soybean and causing up to 
90% yield reduction in some areas [76]. Table 2 provides an overview of some of 
the main soybean diseases.

From Table 2, it is evident that chemical pesticides still play a large role in 
treatment strategies against all major diseases in soybean. However, there has been 
a rising interest to incorporate other methods that prevent and treat diseases in 
soybean due to the harmful environmental and health effects of pesticides. Some 
other methods to control soybean diseases are seen in cultural control practices, 
such as increasing or decreasing tillage and crop rotation, drainage, and using 
resistant cultivars [103]. While the treatments listed in the above table are usually 
effective, there is continual research to find innovative ways to improve the control 
of plant diseases. One such example is the development of using hyperspectral 
bands for early detection of charcoal rot in soybean [104]. These researchers 
developed a method that involves analyzing spectral and spatial information of 
infected and healthy soybean in order to find wavebands that signify a soybean 
plant that is infected with charcoal rot [104]. This process identified six wavebands 
that were specific to plants infected with charcoal rot and can potentially allow for 
the detection of charcoal rot in crops in three days [104]. By being able to identify 
disease earlier, growers can minimize the damage done by that disease by removing 
infected plants and incorporating treatment strategies, such as pesticides or cultural 
controls.

The research above shows that there is interest in developing early detection for 
soybean pathogens. One of the other major areas of research for soybean diseases, is 
identifying resistance genes to promote resistant cultivars. Given that soybean cyst 
nematode is one of the most devastating soybean diseases there has been a lot of 
research done to identify genes involved with resistance to soybean cyst nematode. 
The main resistance gene in soybean to cyst nematode is the Rhg1 gene, which 
encodes an amino acid transporter [105, 106]. This gene confers partial resistance 
and has been shown to reduce reproduction of soybean cyst nematode and improve 
yield in fields that are infected with soybean cyst nematode [78]. Even though there 
are resistant cultivars available, they do not permanently stop diseases. For soybean 
cyst nematode, it is advised to utilize cultural practices, such as using multiple 
resistant cultivars and rotating with non-host crops that are resistant to cyst 
nematode, and other methods [107]. This is a classic example of how integrated pest 
management involves continuously incorporating new methods to control diseases 
to prevent the disease from overcoming any pesticides and resistant cultivars.
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4. Soybean utilization and products

4.1 Livestock feed

Soybean is a valuable crop worldwide mainly because of soybean meal’s nutritional 
efficacy as a food and feed ingredient. A high protein content, balanced essential 
amino acid profile, and the presence of other beneficial nutrients all contribute to its 
economic and nutritional value. Soybean meal constitutes 70% of seed value while 
only being roughly 35% of seed dry weight [108, 109]. Furthermore, in the United 
States, 97% of soybean meal is used for livestock feed [109]. This overwhelming usage 
rate as a livestock protein source is mainly due to the presence of essential amino 
acids. While some livestock require other amino acids, most livestock need nine 
essential amino acids: histidine, isoleucine, leucine, lysine, methionine, phenylala-
nine, threonine, tryptophan, and valine [110]. All nine of these amino acids are found 
in some quantity in soybean meal [111]. For this reason, soybean meal can maximize 
livestock production in cattle, swine, poultry, and aquaculture. Generally, soybean 
meal and other soy byproducts use are limited to a supplementary or finishing role for 
cattle due to feed ration complications from other seed components [110, 112, 113]. 
Soybean meal use is highly prevalent in monogastric livestock production such as 
swine and poultry and is increasing in popularity for aquaculture [114, 115]. However, 

Table 2. 
Overview of 7 prevalent diseases in soybean [95–102].
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resistant weeds [92]. Promoting crop competition through planting density allows 
soybean plants to grow enough to create a canopy to maximize shading of weeds 
[92]. Cultivation is an effective and economical way to control weeds to help 
minimize herbicide use [92]. All of the aforementioned management practices are 
parts of integrated weed management and will continue to play a significant role in 
control of weeds.

3.3 Diseases

Similar to the insect pests, there is a wide variety of diseases in soybean. Most 
diseases are caused by fungal and bacterial diseases and can be vectored by nema-
todes. Fungal diseases have been known to reduce yield up to 50%, while bacterial 
diseases have been known to cause yield loss of anywhere between 15 and 60% 
[76]. Which disease is the most devastating depends on the region and the year, 
but the most prevalent diseases include Heterodera glycines, Phytophthora sojae, 
Colletotrichum truncatum, Septoria glycines, and Phakopsora pachyrhizi [76]. Of these 
five diseases, Heterodera glycines, or soybean cyst nematode is the most economic 
damaging disease being found in all countries that grow soybean and causing up to 
90% yield reduction in some areas [76]. Table 2 provides an overview of some of 
the main soybean diseases.

From Table 2, it is evident that chemical pesticides still play a large role in 
treatment strategies against all major diseases in soybean. However, there has been 
a rising interest to incorporate other methods that prevent and treat diseases in 
soybean due to the harmful environmental and health effects of pesticides. Some 
other methods to control soybean diseases are seen in cultural control practices, 
such as increasing or decreasing tillage and crop rotation, drainage, and using 
resistant cultivars [103]. While the treatments listed in the above table are usually 
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4. Soybean utilization and products

4.1 Livestock feed

Soybean is a valuable crop worldwide mainly because of soybean meal’s nutritional 
efficacy as a food and feed ingredient. A high protein content, balanced essential 
amino acid profile, and the presence of other beneficial nutrients all contribute to its 
economic and nutritional value. Soybean meal constitutes 70% of seed value while 
only being roughly 35% of seed dry weight [108, 109]. Furthermore, in the United 
States, 97% of soybean meal is used for livestock feed [109]. This overwhelming usage 
rate as a livestock protein source is mainly due to the presence of essential amino 
acids. While some livestock require other amino acids, most livestock need nine 
essential amino acids: histidine, isoleucine, leucine, lysine, methionine, phenylala-
nine, threonine, tryptophan, and valine [110]. All nine of these amino acids are found 
in some quantity in soybean meal [111]. For this reason, soybean meal can maximize 
livestock production in cattle, swine, poultry, and aquaculture. Generally, soybean 
meal and other soy byproducts use are limited to a supplementary or finishing role for 
cattle due to feed ration complications from other seed components [110, 112, 113]. 
Soybean meal use is highly prevalent in monogastric livestock production such as 
swine and poultry and is increasing in popularity for aquaculture [114, 115]. However, 

Table 2. 
Overview of 7 prevalent diseases in soybean [95–102].
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soybean as feed has two main obstacles: methionine deficiency and trypsin inhibi-
tor proteins. Albeit present in soybean, methionine content is deficient for livestock 
needs, is considered the first limiting amino acid for soybean meal and requires 
producers to supplement with synthetic methionine [116–120]. This has a variety of 
negative economic and environmental impacts, including increased cost and poor 
nitrogen-use efficiency [121, 122]. Trypsin inhibitor proteins are an antinutritional 
factor present in raw soybean that decreases feed efficiency and can harm the live-
stock. There are a variety of industrial processing methods used to overcome trypsin 
inhibitors in soybean such as thermal and infrared treatment [123]. In the future, 
soybean methionine deficiencies and trypsin inhibitor levels may both be solved via 
breeding and transgenic efforts.

4.2 Human food

Soybean as human food exists to two different extents that are derived from 
geography and cultural tradition. Eastern hemisphere populations incorporate 
whole soybeans and processed soy foods into their lives on a daily basis, whereas 
Western hemisphere populations generally utilize processed soybeans as food 
ingredients. Eastern soy foods are divided into two main categories: fermented 
and non-fermented. Non-fermented soy foods include whole seed options such 
as whole dry soybeans, soy nuts, and edamame, processed items such as soy flour 
and soy milk, and vegetative soy sprouts [115, 124]. Soy milk in its simplest form is 
a water extract from soybean that when further processed can make tofu and tofu 
byproducts such as okara (soy pulp) and yuba (tofu skin). Fermented soy products 
include miso, soy sauce, tempeh, natto, and sufu, and each product has a specific 
bacterial species that enables proper fermentation. For example, natto is associated 
with Bacillus subtilis, and soy sauce is associated with Aspergillus sp. [115, 124]. 
Western cultures have assimilated many soy food products, and they are becom-
ing more popular as consumers seek plant-based protein sources. However, the 
vast majority of soybeans in western diets consists of food ingredients made from 
soybean meal and soy oil. Soybean meal can be processed into ingredients such as 
soy flour, protein concentrates, and protein isolates that are used in bakery mixes, 
breakfast cereals, baby food, and exercise supplements [114]. Soybean oil is widely 
used in vegetable oil and margarine mixes for a variety of cooking purposes. The 
importance of traditional and innovative soy food uses has perpetuated because of 
the potential health benefits from soy consumption. Soy foods have been shown to 
play a role in chronic human disease prevention for conditions such as heart disease, 
osteoporosis, and cancer [125–127]. However, isoflavones, one of the most common 
seed components linked to disease prevention, is also negatively linked to hormonal 
health as a phytoestrogen. While large population subsets are concerned about 
isoflavones negatively impacting fertility, summarized data has shown inconsistent 
results [128–130]. As consumers continue to seek plant-based protein, soybeans will 
be the premier source for historically and culturally significant recipes as well as 
healthy, novel animal meat alternatives.

4.3 Industrial uses

Even though soybean is classified as an oilseed, soybean oil has historically been 
an afterthought for soybean producers and processors. When markets for soybean 
meal would falter, researchers and other stakeholders would turn to soybean oil for 
added value or seek alternative uses for meal components. Modern sustainability 
and industrial goals have stimulated soy-based product usage in a variety of fields, 
as summarized in Table 3. Soybean oil as biodiesel has experienced the largest 
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growth with United States consumers using over 2 billion gallons in 2017 [131]. 
Current biodiesel production methods can create soy-based fuel that perform nearly 
equal or equivalent to standard diesel fuels and have the potential to become a truly 
renewable resource when coupled with sustainable farming practices [132–134]. 
Constantly improving processing methods will continue to augment soybean seed 
component versatility and create new opportunities for soy-based products.

5. Soybean seed composition improvement

5.1 Breeding efforts

Soybean seed has many beneficial traits, such as high protein, oil, and soluble 
sugar content [135]. While soybean seed value is defined by these favorable quali-
ties, past and present breeding attempts have sought further improvement. With 
regards to protein content, breeders have worked with soybean to increase total 
protein content as well as the amount of sulfur containing amino acids, methionine 
and cysteine [135]. Methionine and cysteine are of interest since the seed protein 
is naturally deficient, and these two amino acids can improve the nutritional value 
of soybean meal [135, 136]. However, some research indicates that total protein 
content is negatively correlated with other favorable seed qualities, including yield, 
oil content, and potentially methionine and cysteine content [137, 138]. So far, most 

Table 3. 
Industrial uses for soybean products [114, 115].
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breeding efforts to improve protein quality have involved identifying quantitative 
trait loci (QTL) that are associated with the amino acid content [139]. QTLs are 
regions of DNA that are associated with a particular trait and allow breeders to 
select for particular cultivars that have the trait of interest [140]. The composi-
tion of soybean seed oil primarily includes linolenic, steric, palmitic, linoleic, and 
oleic acid [141]. There have been breeding attempts mainly to increase oleic acid in 
soybean seed while keeping linolenic acid relatively low, due to respective human 
health impacts [141, 142]. Lastly, soluble sugar levels, specifically sucrose content, 
has also been an area of interest in soybean breeding [135]. While sucrose is the 
main sugar found in soybean, fructose and glucose are also present but in trace 
amounts [143]. Similar to protein content, multiple QTLs have been identified asso-
ciated with high sucrose [144]. Sucrose is a desirable seed composition trait due to 
soy food flavor improvement for human consumption [144]. Overall, conventional 
breeding has been used to improve protein quality, oil content, and sucrose content 
in soybean seed.

While soybean does have numerous profitable seed traits, it also contains several 
unfavorable traits that include trypsin inhibitors (TIs), indigestible carbohydrates, 
and phytate [145, 146]. There are two trypsin inhibitors found in soybean, the 
Kunitz and Bowman-Birk trypsin inhibitor, and they are antinutritional factors 
due to their ability to interfere with protein digestibility and reduce the health of 
animals that are fed soybean meal containing these proteins [147, 148]. Currently, 
processors can heat the soybean meal in order to inactivate the trypsin inhibitors, 
but this step is costly [149]. Due to TIs negatively affecting animal health and 
increased cost for inactivation, more breeding efforts are being made to develop 
low-TI soybean lines [150]. Indigestible carbohydrates, raffinose and stachyose, that 
are found in soybean seed are also a target for soybean breeding since they can cause 
flatulence and diarrhea when consumed [144]. There has been progress made in 
lowering these carbohydrates, which include identifying QTLs associated with raf-
finose and stachyose [144]. Lastly, while phytate is an antinutritional factor found 
in soybean, there is not a lot of work being done anymore to breed low phytate 
soybean lines since phytase supplements are an effective, inexpensive way to reduce 
the phytate found in soybean meal [151].

5.2 Genetic engineering efforts

Genetic engineering involves the process of artificially and intentionally 
manipulating the DNA of an organism with the purpose of modifying that organ-
ism [152]. Some of the methods used to transform plants include Agrobacterium, 
electroporating plant protoplasts, and microparticle bombardment [153]. One 
relatively new field within genetic engineering is gene editing which involves 
using clustered regularly interspaced short palindromic repeats or CRISPR/Cas9 
system [154]. Genetic engineering works by introducing a gene from one organism 
into another organism so that it can now express that gene product or by caus-
ing frameshifts or deletions to knockout a particular gene in an organism [152]. 
CRISPR/Cas9 has been gaining a lot of attention due to its promising ability to 
efficiently and effectively improve agronomic traits in crops [155, 156]. Genetic 
engineering in soybean was first successfully accomplished in the 1990s [157]. 
Since this time, genetic engineering has been used frequently in soybean with 
about 90.7 million hectares of genetically modified/GM soybean being planted 
in 2014 [157]. Most of this genetic engineering has been done to create Roundup 
Ready soybean that is resistant to glyphosate herbicides [158]. Roundup Ready 
soybean is prevalent because it allows growers to spray herbicides to kill any weeds 
in the field while not killing the soybean [158]. Genetic engineering has been used 
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to additionally improve the protein quality of soybean by altering biosynthetic 
feedback pathways to increase lysine and by expressing zein proteins from corn to 
increase sulfur containing amino acids [115, 159]. Besides these examples, genetic 
engineering has been used to manipulate soybean oil content by increasing oleic 
acid content and decreasing linolenic acid content and to delay flowering time in 
soybean [160, 161]. Given the ability of genetic engineering, especially gene edit-
ing, to successfully improve qualities of soybean, it will likely be used to improve 
soybean through removing and/or modifying expression of antinutritional 
factors. This can be accomplished through genetic engineering by knocking out 
particular genes responsible for the antinutritional factors preventing them from 
being expressed.

6. Conclusions

Soybean is an essential crop that is grown globally due to its various and diverse 
uses. Given its importance, there are many pre-growing practices to prepare the 
field for the growing season, including tillage, pre-plant fertilization, and monitor-
ing soil pH. Many agronomic aspects must be considered during growing season to 
ensure successful soybean growth including crop rotations, double cropping, cover 
crops, irrigation, row spacing, plant density, and post-emergence fertilization. 
Additionally, integrated pest management involving the use of pesticides, resistant 
soybean cultivars, and cultural practices are vital to control the numerous pests 
of soybean. While soybean is highly used in livestock feed due to its high protein 
content, it’s methionine deficiency and presence of antinutritional factors still 
present problems that need to be solved. Soybean versatility is represented by the 
many uses in human consumption, biofuels, and other industrial uses. Traditional 
and conventional breeders have been working to increase protein and oil content, 
while eliminating antinutritional factors. Genetic engineering and gene editing 
show promise to help improve soybean by introducing genes to improve protein and 
oil quality and knocking out genes to remove antinutritional factors.
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Abstract

Soybeans possess average 20% oil and 40% protein content and are a major source 
of protein and fatty acids in human and animal nutrition. Soybean cultivars are clas-
sified as commodity type, which are used for edible or industrial oil and animal feed, 
and food-type, which are used for human consumption in fermented foods and non-
fermented foods. Major breeding targets for food grade soybeans are high protein and 
sucrose content. Developing cultivars with desired seed size and appearance depends 
on the type of soyfood for which the soybeans are destined. Seed with high protein 
content (>45%), low oil content, high sucrose, and low oligosaccharide content are suit-
able for making soymilk and tofu. For soyfood such as natto, soybean seed with a high 
content of carbohydrates are preferred. Since, molecular markers linked to the target 
food traits have been developed, transfer of the food grade traits among soybean variet-
ies is possible through marker-assisted selection (MAS) to track the target gene/QTLs. 
Introgression of wild soybean alleles through genomics assisted breeding (e.g., GWAS, 
haplotype blocks, NIL, etc.), high-throughput phenotyping, mutagenesis and genome 
engineering/editing would improve protein without yield drag, pleiotropic effects, and 
background/allelic effects in breeding food grade soybean.

Keywords: soybean, soyfood, selection, mar-assisted selection

1. Introduction

Soybean [Glycine max (L.) Merr.] is one of the most important crops in the 
world. Soybean seeds are distinguished from other legume grains especially by their 
high protein content. It is a major source of vegetable protein and oil in human food 
industries because of its nutritive and health benefits [1]. Owing to its health ben-
efits, soy food has been part of the Asian diet for several centuries [2]. Soyfood has 
nutritional qualities that reduce human blood serum cholesterol levels and lower 
the risk of cardiovascular diseases [3]. Soy food is a natural source of isoflavones 
(daidzein, genistein, and glycitein) and a good source of calcium [4].

Soybeans typically possess protein and oil contents of approximately 40 and 
20%, respectively. This composition gives the possibility for a broad variety 
of applications such as feed, biodiesel, edible oils, and other food products. 
Commercially, soybean can be categorized as (i) commodity type, mainly used for 
oil and animal feed, and (ii) food type soybean, mainly used for human consumption. 
One important application of soybean is its use in animal feed. Approximately 85% 
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of the soybean is crushed into oil and meal. The greatest part of the meal is used 
as protein source in animal feed, Approximately 6% of the produced soybean is 
directly used for food purposes [5]. When soybean is exclusively used for consump-
tion by the farm animals, nutritionally, it should have at least 36% protein to meet 
part of their daily requirement for protein. The food-type soybean, on the other 
hand, contains protein higher than feed-grade soybean; it usually ranges between 
40 and 45%. It helps in making better quality soy-based food products. Usually, 
food-grade soybeans are used for production of soy milk, tofu or soy paneer, soy 
sprouts, and other soy-based food items.

Globally soybean meal accounts for 63% of all the protein sources in animal 
feed. Next to the soybean meal, soybean oil obtained after crushing is refined 
and used as cooking oils and salad oils, and they can also find their use in mayon-
naise and butter substitute. Soybean oil is refined and lecithin is obtained as a 
main by-product. Lecithins are found in many products such as in chocolate, 
margarine, and emulsifying agents [6]. Furthermore, the unraveling of the 
health and nutritional benefits of soybean contributed to increased interest 
for soybeans destined for food production, the so-called food-grade soybeans. 
Hence, the breeding of cultivars with enhanced food-grade traits is gaining great 
importance [7]. Soy foods available in the market can be divided in traditional 
and non-traditional soy foods. Traditional soy foods includes edamame (green 
vegetable soybeans), soy milk (a drink produced by soaking and grinding 
soybeans, boiling the mixture, and filtering out remaining particulates), tofu 
(soybean curd), tempeh (made of whole cooked soybeans), miso (fermented 
soup-based paste), soy sauce, okara, natto (fermented whole soybeans), and soy 
sprouts. They originated from Asia where soybean has been grown for centuries 
before its introduction to the rest of the world. Non-traditional foods are, for 
instance, soy yoghurt, soy cheese, pudding, snacks, etc. [6]. Soy food available in 
the market is classified into two groups based on the soybean seed size. Soy foods 
made of large seeds (>20 g/100 seeds) include tofu, edamame, miso, and soy 
milk. Soy foods made of small seeds (<12 g/100 seeds) include natto, soy sauce, 
tempeh, and bean sprouts.

Soybean seed needs to satisfy specific physical and chemical requirements for 
soy food production. In addition to seed size, visual appearance such as uniformity 
of seed size and shape with light-colored hilum and yellow seed coat without physi-
cal damage such as mottling, splits, shriveling, purple stain, and insect damage are 
the main consideration of food-grade soybeans [8]. It is reported that the seed size 
uniformity affected water absorption and the quality of the final soy product [9]. 
Shrunken or discolored seeds were undesirable due to the consumer requirements 
[10]. Stone seeds that do not absorb water during soaking cause serious problems 
for food processing as it affects the texture and consistency of the soy products 
particularly for fermented soy food such as natto [11]. Seeds with harder texture 
have higher calcium content and absorb less water [12]. Seed’s hardness could be 
estimated by the seed swell ratio that was related to seed weight or water volume 
change before and after soaking [13]. High water absorption was required to obtain 
soft steamed seeds [14]. Thus, soybean seeds with rapid and high water uptake 
are preferred by processors in order to provide more products per unit of time [9]. 
However, seed composition requirements vary according to the type of soy food. 
Soybean seeds with high protein content (>45%), low oil content, high sucrose 
content, and low oligosaccharides (raffinose and stachyose) content are suitable for 
making tofu. For soy food such as natto made through short fermentation process, 
soybean seed with a high carbohydrate content are preferred for the purpose of 
getting a quick conversion to simple sugars [10].
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2. Anti-nutritional factors

Like other plants, soybean too synthesizes a range of secondary metabolites 
for their adaptation and self-protection, called anti-nutritional factor (ANF). 
From nutritional point of view, the ANF is considered as harmful and toxic, as 
it interferes with normal growth, reproduction, and health. Therefore, soybean, 
in general, and food-grade soybeans, in particular, are expected to be free from 
anti-nutritional factors or allergens that may cause harm to the consumers. 
Soybean contains several anti-nutritional factors among which trypsin inhibitor 
(TI) and phytase are the most important ones. Kunitz trypsin inhibitor (KTI), 
which constitutes more than 80% of the total TI, is primarily responsible for 
improper digestibility of soybean, if consumed unprocessed. Although KTI is 
heat labile, yet heat inactivation process is neither fully effective nor economic. 
Genetic elimination of KTI is the most effective way of making soybean free 
from KTI [15].

2.1 Phytase

Soybean seeds contain phosphorus in the form of inositol hexaphosphate com-
monly known as phytate [16]. Besides sequestering inorganic phosphate, phytate may 
also chelate divalent cations such as Fe, thereby decreasing their availability. It also 
contributes toward water pollution by eutrophication as the phosphate-rich waste 
discharges into water bodies. So, reduction of seed phytase can enhance mineral and 
protein bioavailability in soybean. Microarray-based gene expression profiling of 
phytic acid biosynthesis pathway indicated stepwise regulation of eight genes, viz. 
myo-inositol-3-phosphatesynthaes (MIPS), inositol phosphate kinase (IPK1–4), etc. 
Gene silencing constructs were used to silence GmIKP1 and GmIPK2 through seed-
specific vicilin/conglycinin promoters [17]. Similarly, mutation breeding through 
gamma irradiation has also been attempted to develop plants with reduced or zero 
phytase.

3. Cadmium content

Vast areas of agricultural soils are contaminated with Cadmium (Cd) through 
the use of super phosphate fertilizers, sewage sludge, and inputs from the mining 
and smelting industries [18]. Cadmium (Cd) is a highly toxic element for human 
beings because of its extremely long biological half-life. Soybeans grown in 
cadmium-contaminated soil take up cadmium by roots and translocate into aerial 
organs, where it affects photosynthesis and consequently root and shoot growth. 
Many soybean cultivars can accumulate high Cd concentration in seed when 
grown on Cd-polluted soil [19, 20]. Consumption of food containing excessive 
Cd leads to a risk of chronic toxicity. In humans, it can damage kidneys, causing 
a loss of calcium and associated osteoporosis [21]. To reduce the health risk, it 
is desirable to limit the concentration of Cd in crops used for human consump-
tion. Due to growing concern about safety of foods and human health, the Codex 
Alimentarius Commission of Food and Agriculture Organization/World Health 
Organization (FAO/WHO) has proposed an upper limit of 0.2 mg kg−1 for Cd 
concentration in soybean grain [22]. However, a large-scale survey of agricultural 
products revealed that the Cd concentration of 16.7% of soybean seeds exceeded 
the international allowable limit of 0.2 mg kg−1, which is much higher than that 
of other upland crops [23]. Cultivars with reduced uptake of Cd are needed for 
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for soybeans destined for food production, the so-called food-grade soybeans. 
Hence, the breeding of cultivars with enhanced food-grade traits is gaining great 
importance [7]. Soy foods available in the market can be divided in traditional 
and non-traditional soy foods. Traditional soy foods includes edamame (green 
vegetable soybeans), soy milk (a drink produced by soaking and grinding 
soybeans, boiling the mixture, and filtering out remaining particulates), tofu 
(soybean curd), tempeh (made of whole cooked soybeans), miso (fermented 
soup-based paste), soy sauce, okara, natto (fermented whole soybeans), and soy 
sprouts. They originated from Asia where soybean has been grown for centuries 
before its introduction to the rest of the world. Non-traditional foods are, for 
instance, soy yoghurt, soy cheese, pudding, snacks, etc. [6]. Soy food available in 
the market is classified into two groups based on the soybean seed size. Soy foods 
made of large seeds (>20 g/100 seeds) include tofu, edamame, miso, and soy 
milk. Soy foods made of small seeds (<12 g/100 seeds) include natto, soy sauce, 
tempeh, and bean sprouts.

Soybean seed needs to satisfy specific physical and chemical requirements for 
soy food production. In addition to seed size, visual appearance such as uniformity 
of seed size and shape with light-colored hilum and yellow seed coat without physi-
cal damage such as mottling, splits, shriveling, purple stain, and insect damage are 
the main consideration of food-grade soybeans [8]. It is reported that the seed size 
uniformity affected water absorption and the quality of the final soy product [9]. 
Shrunken or discolored seeds were undesirable due to the consumer requirements 
[10]. Stone seeds that do not absorb water during soaking cause serious problems 
for food processing as it affects the texture and consistency of the soy products 
particularly for fermented soy food such as natto [11]. Seeds with harder texture 
have higher calcium content and absorb less water [12]. Seed’s hardness could be 
estimated by the seed swell ratio that was related to seed weight or water volume 
change before and after soaking [13]. High water absorption was required to obtain 
soft steamed seeds [14]. Thus, soybean seeds with rapid and high water uptake 
are preferred by processors in order to provide more products per unit of time [9]. 
However, seed composition requirements vary according to the type of soy food. 
Soybean seeds with high protein content (>45%), low oil content, high sucrose 
content, and low oligosaccharides (raffinose and stachyose) content are suitable for 
making tofu. For soy food such as natto made through short fermentation process, 
soybean seed with a high carbohydrate content are preferred for the purpose of 
getting a quick conversion to simple sugars [10].
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2. Anti-nutritional factors

Like other plants, soybean too synthesizes a range of secondary metabolites 
for their adaptation and self-protection, called anti-nutritional factor (ANF). 
From nutritional point of view, the ANF is considered as harmful and toxic, as 
it interferes with normal growth, reproduction, and health. Therefore, soybean, 
in general, and food-grade soybeans, in particular, are expected to be free from 
anti-nutritional factors or allergens that may cause harm to the consumers. 
Soybean contains several anti-nutritional factors among which trypsin inhibitor 
(TI) and phytase are the most important ones. Kunitz trypsin inhibitor (KTI), 
which constitutes more than 80% of the total TI, is primarily responsible for 
improper digestibility of soybean, if consumed unprocessed. Although KTI is 
heat labile, yet heat inactivation process is neither fully effective nor economic. 
Genetic elimination of KTI is the most effective way of making soybean free 
from KTI [15].

2.1 Phytase

Soybean seeds contain phosphorus in the form of inositol hexaphosphate com-
monly known as phytate [16]. Besides sequestering inorganic phosphate, phytate may 
also chelate divalent cations such as Fe, thereby decreasing their availability. It also 
contributes toward water pollution by eutrophication as the phosphate-rich waste 
discharges into water bodies. So, reduction of seed phytase can enhance mineral and 
protein bioavailability in soybean. Microarray-based gene expression profiling of 
phytic acid biosynthesis pathway indicated stepwise regulation of eight genes, viz. 
myo-inositol-3-phosphatesynthaes (MIPS), inositol phosphate kinase (IPK1–4), etc. 
Gene silencing constructs were used to silence GmIKP1 and GmIPK2 through seed-
specific vicilin/conglycinin promoters [17]. Similarly, mutation breeding through 
gamma irradiation has also been attempted to develop plants with reduced or zero 
phytase.

3. Cadmium content

Vast areas of agricultural soils are contaminated with Cadmium (Cd) through 
the use of super phosphate fertilizers, sewage sludge, and inputs from the mining 
and smelting industries [18]. Cadmium (Cd) is a highly toxic element for human 
beings because of its extremely long biological half-life. Soybeans grown in 
cadmium-contaminated soil take up cadmium by roots and translocate into aerial 
organs, where it affects photosynthesis and consequently root and shoot growth. 
Many soybean cultivars can accumulate high Cd concentration in seed when 
grown on Cd-polluted soil [19, 20]. Consumption of food containing excessive 
Cd leads to a risk of chronic toxicity. In humans, it can damage kidneys, causing 
a loss of calcium and associated osteoporosis [21]. To reduce the health risk, it 
is desirable to limit the concentration of Cd in crops used for human consump-
tion. Due to growing concern about safety of foods and human health, the Codex 
Alimentarius Commission of Food and Agriculture Organization/World Health 
Organization (FAO/WHO) has proposed an upper limit of 0.2 mg kg−1 for Cd 
concentration in soybean grain [22]. However, a large-scale survey of agricultural 
products revealed that the Cd concentration of 16.7% of soybean seeds exceeded 
the international allowable limit of 0.2 mg kg−1, which is much higher than that 
of other upland crops [23]. Cultivars with reduced uptake of Cd are needed for 
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human consumption. Cd uptake depends both on the Cd concentration in the soil 
and on the characteristics of the specific cultivars. Breeding cultivar with reduced 
Cd is an attractive method for changing the element profile of crops as the benefit 
will persist in the seed that can reduce the requirement for other management 
practices [24].

4. Nutritional factors

4.1 Soybean protein

Soybean contains about 40% protein and is noteworthy as it is the most com-
plete vegetable protein [25]. Concretely, with exception of sulfur-containing amino 
acids such as methionine, the amino acid pattern of soybean resembles the pattern 
derived from high-quality animal protein sources [25]. In fact, soybean protein can 
even enhance the nutritional quality of other vegetable protein. Protein sources that 
are deficient in some amino acids can be complemented by soybean. Soybean is rich 
in lysine, tryptophan, threonine, isoleucine, and valine and therefore complements 
well with cereal grains that are deficient in those amino acids [26]. By ultracen-
trifugation studies, four different fractions have been revealed, with approximate 
Svedberg coefficients of 2S, 7S, 11S, and 15S [6]. The 2S fraction contains from 8 to 
22% of the extractable soybean protein. It consists of several enzymes, including 
the trypsin inhibitors, Bowman-Birk and Kunitz inhibitors [6]. Trypsin inhibi-
tors inhibit the protein-cleavage effect of proteases (such as trypsin) affecting the 
digestibility and leading to growth depression in animals. Therefore, soybean meal 
needs first to be heated in order to inactivate the trypsin inhibitors. However, tryp-
sin inhibitors have been found to be powerful anti-carcinogenic agents in humans 
and therefore they can be considered as functional components of soybeans [27].

More than 70% of the soybean seed storage protein is composed of 7S 
β-conglycinin and 11S glycinin. The 7S fraction makes up 35% of the extractable 
soybean protein. The quantity and the quality of the protein in the seed are the 
major biochemical components influencing the quality of tofu and other soy food 
products [28]. The mean glycinin to β-conglycinin protein ratio is known to influ-
ence the protein quality of soybeans, and greatly affects the functional properties of 
food products made from soybeans [29, 30]. Glycinin and β-conglycinin also differ 
in amino acid composition, with glycinin being higher in sulfur (S), containing 
amino acids that account for 3–4.5% of the total amino acid residues [31]. G1, G2, 
and G7 glycinin subunits contain a higher amount of methionine (6–7 per subunit) 
compared to G3, G4, and G5 glycinin subunits, which contain 5, 2, and 4 methio-
nine residues per subunit, respectively [31]. By comparison, β-conglycinin is devoid 
of methionine [32, 33] and β-conglycinin contains a major allergen in its subunit 
[34]. Increased glycinin content in soybean protein is an important trait for increas-
ing the concentration of the S-containing amino acids [35]. Because glycinin and 
β-conglycinin have a great impact on the nutritional value and quality of soybean 
products, these two storage proteins have been extensively studied and targeted for 
genetic manipulation in breeding programs. Soybean mutant genotypes differing 
in seed storage glycinin and β-conglycinin subunit composition were developed 
and tested for their effects on tofu quality [30]. It was shown that group IIb (A3) 
glycinin played the major role in contributing to tofu firmness with any coagulant, 
while the group IIa (A4) subunit could have a negative effect on tofu quality. Yu 
et al. [36] reported that soybean cultivars with 7S α′ and 11 S a4 nulls always make 
firm tofu than the check cultivar Harovinton. The hardness of gels from glycinin 
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decreased in the order of group IIa, IIb, and I [37, 38]. Protein subunit composition 
also affects the quality and stability of soymilk [39].

Other soybean seed proteins include lipoxygenase and lectins. The lipoxygenase 
enzyme constitutes about 1–2% of the soybean protein. The lipoxygenase enzyme 
generates a grassy-beany flavor when it oxidizes fats and is not preferred by con-
sumers in some countries. It is possible to avoid the oxidation of the fats by heat 
inactivation of the lipoxygenase enzyme; however, this is cost-ineffective and leads 
to insolubilization of proteins. Therefore, the genetic elimination of the lipoxygen-
ase is preferred in order to reduce the beany flavor. Genotypic variation and the 
influence of growing environment on lipoxygenase accumulation in soybean seed 
are well documented in the literature [2, 26]. Lipoxygenase 1, 2, and 3 null germ-
plasm lines were developed and showed that the grassy-beany flavor was eliminated 
[40]. Triple-null soybeans can be used for edible soy products, such as soymilk and 
tofu [40]. Similarly, saponins and isoflavones may also be the cause of undesirable 
taste in soy products although this is not well documented yet. The breeding of cul-
tivars with low isoflavones and saponins is possible [2]. The 11S fraction comprises 
31–52% of the extractable soybean proteins [6]. The 11S fraction is responsible for 
the gelling character of tofu, and hence, the proportion of this fraction compared 
to 7S plays an important role in tofu firmness [2]. The 15 S fraction comprises about 
5% of the total extractable protein. It is only poorly characterized and is thought to 
be composed of polymers of the other soybean proteins [6].

4.2 Carbohydrates

Dry soybeans contain on average 35% of carbohydrates, which can be divided into 
soluble and insoluble carbohydrates [27]. Soybean seeds possess 15–20 different sol-
uble carbohydrates that makes up approximately 15–25% of dry weight [41]. Sucrose, 
raffinose, and stachyose are the most relevant soluble carbohydrates for breeding of 
food-grade soybean. Sucrose in dry soybean seeds is found in contents of typically 
5.5% [27]. Sucrose is important for improving taste in soybean-based products. The 
oligosaccharides raffinose and stachyose typically constitute about 0.9 and 3.5% of dry 
soybean seeds, respectively [27]. The seed coat of soybeans contains a major part of 
insoluble carbohydrates such as cellulose, hemicellulose, pectin, and a trace amount 
of starch [27]. Consumers, especially in countries where fermented and vegetable 
soybean are not in vogue, may be skeptical toward the use of soy products because 
of flatulence and poor digestibility. These effects are caused by oligosaccharides, 
stachyose and raffinose. Humans and monogastric animals do not possess the enzyme 
called α-galactosidase necessary for hydrolyzing the linkages present in these oligosac-
charides, so they cannot be digested when consumed. Intact oligosaccharides reach the 
lower intestine and undergo anaerobic fermentation by bacteria with gas expulsion 
(H2, CO2, and traces of CH4), causing the flatus effect and sometimes diarrhea and 
abdominal pain. Although raffinose and stachyose can be reduced to an extent by 
soaking or boiling, genetic reduction is one of the prime plant breeding objectives.

4.3 Soybean oil

The major components of crude soybean oil are triglycerides. After refinement 
of the oil, soybean oil is composed of 99% of triglycerides. Triglycerides are neutral 
lipids composed of one glycerol linking three fatty acids [27]. The saturated fatty 
acids in soybean oil are palmitic acid (16:0) and stearic acid (18:0), with average 
concentrations of about 11 and 4% (relative to the oil), respectively, and they are 
useful in making low trans-fat margarines. Soybean oil contains an average of 



Legume Crops - Prospects, Production and Uses

54

human consumption. Cd uptake depends both on the Cd concentration in the soil 
and on the characteristics of the specific cultivars. Breeding cultivar with reduced 
Cd is an attractive method for changing the element profile of crops as the benefit 
will persist in the seed that can reduce the requirement for other management 
practices [24].

4. Nutritional factors

4.1 Soybean protein

Soybean contains about 40% protein and is noteworthy as it is the most com-
plete vegetable protein [25]. Concretely, with exception of sulfur-containing amino 
acids such as methionine, the amino acid pattern of soybean resembles the pattern 
derived from high-quality animal protein sources [25]. In fact, soybean protein can 
even enhance the nutritional quality of other vegetable protein. Protein sources that 
are deficient in some amino acids can be complemented by soybean. Soybean is rich 
in lysine, tryptophan, threonine, isoleucine, and valine and therefore complements 
well with cereal grains that are deficient in those amino acids [26]. By ultracen-
trifugation studies, four different fractions have been revealed, with approximate 
Svedberg coefficients of 2S, 7S, 11S, and 15S [6]. The 2S fraction contains from 8 to 
22% of the extractable soybean protein. It consists of several enzymes, including 
the trypsin inhibitors, Bowman-Birk and Kunitz inhibitors [6]. Trypsin inhibi-
tors inhibit the protein-cleavage effect of proteases (such as trypsin) affecting the 
digestibility and leading to growth depression in animals. Therefore, soybean meal 
needs first to be heated in order to inactivate the trypsin inhibitors. However, tryp-
sin inhibitors have been found to be powerful anti-carcinogenic agents in humans 
and therefore they can be considered as functional components of soybeans [27].

More than 70% of the soybean seed storage protein is composed of 7S 
β-conglycinin and 11S glycinin. The 7S fraction makes up 35% of the extractable 
soybean protein. The quantity and the quality of the protein in the seed are the 
major biochemical components influencing the quality of tofu and other soy food 
products [28]. The mean glycinin to β-conglycinin protein ratio is known to influ-
ence the protein quality of soybeans, and greatly affects the functional properties of 
food products made from soybeans [29, 30]. Glycinin and β-conglycinin also differ 
in amino acid composition, with glycinin being higher in sulfur (S), containing 
amino acids that account for 3–4.5% of the total amino acid residues [31]. G1, G2, 
and G7 glycinin subunits contain a higher amount of methionine (6–7 per subunit) 
compared to G3, G4, and G5 glycinin subunits, which contain 5, 2, and 4 methio-
nine residues per subunit, respectively [31]. By comparison, β-conglycinin is devoid 
of methionine [32, 33] and β-conglycinin contains a major allergen in its subunit 
[34]. Increased glycinin content in soybean protein is an important trait for increas-
ing the concentration of the S-containing amino acids [35]. Because glycinin and 
β-conglycinin have a great impact on the nutritional value and quality of soybean 
products, these two storage proteins have been extensively studied and targeted for 
genetic manipulation in breeding programs. Soybean mutant genotypes differing 
in seed storage glycinin and β-conglycinin subunit composition were developed 
and tested for their effects on tofu quality [30]. It was shown that group IIb (A3) 
glycinin played the major role in contributing to tofu firmness with any coagulant, 
while the group IIa (A4) subunit could have a negative effect on tofu quality. Yu 
et al. [36] reported that soybean cultivars with 7S α′ and 11 S a4 nulls always make 
firm tofu than the check cultivar Harovinton. The hardness of gels from glycinin 
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decreased in the order of group IIa, IIb, and I [37, 38]. Protein subunit composition 
also affects the quality and stability of soymilk [39].

Other soybean seed proteins include lipoxygenase and lectins. The lipoxygenase 
enzyme constitutes about 1–2% of the soybean protein. The lipoxygenase enzyme 
generates a grassy-beany flavor when it oxidizes fats and is not preferred by con-
sumers in some countries. It is possible to avoid the oxidation of the fats by heat 
inactivation of the lipoxygenase enzyme; however, this is cost-ineffective and leads 
to insolubilization of proteins. Therefore, the genetic elimination of the lipoxygen-
ase is preferred in order to reduce the beany flavor. Genotypic variation and the 
influence of growing environment on lipoxygenase accumulation in soybean seed 
are well documented in the literature [2, 26]. Lipoxygenase 1, 2, and 3 null germ-
plasm lines were developed and showed that the grassy-beany flavor was eliminated 
[40]. Triple-null soybeans can be used for edible soy products, such as soymilk and 
tofu [40]. Similarly, saponins and isoflavones may also be the cause of undesirable 
taste in soy products although this is not well documented yet. The breeding of cul-
tivars with low isoflavones and saponins is possible [2]. The 11S fraction comprises 
31–52% of the extractable soybean proteins [6]. The 11S fraction is responsible for 
the gelling character of tofu, and hence, the proportion of this fraction compared 
to 7S plays an important role in tofu firmness [2]. The 15 S fraction comprises about 
5% of the total extractable protein. It is only poorly characterized and is thought to 
be composed of polymers of the other soybean proteins [6].

4.2 Carbohydrates

Dry soybeans contain on average 35% of carbohydrates, which can be divided into 
soluble and insoluble carbohydrates [27]. Soybean seeds possess 15–20 different sol-
uble carbohydrates that makes up approximately 15–25% of dry weight [41]. Sucrose, 
raffinose, and stachyose are the most relevant soluble carbohydrates for breeding of 
food-grade soybean. Sucrose in dry soybean seeds is found in contents of typically 
5.5% [27]. Sucrose is important for improving taste in soybean-based products. The 
oligosaccharides raffinose and stachyose typically constitute about 0.9 and 3.5% of dry 
soybean seeds, respectively [27]. The seed coat of soybeans contains a major part of 
insoluble carbohydrates such as cellulose, hemicellulose, pectin, and a trace amount 
of starch [27]. Consumers, especially in countries where fermented and vegetable 
soybean are not in vogue, may be skeptical toward the use of soy products because 
of flatulence and poor digestibility. These effects are caused by oligosaccharides, 
stachyose and raffinose. Humans and monogastric animals do not possess the enzyme 
called α-galactosidase necessary for hydrolyzing the linkages present in these oligosac-
charides, so they cannot be digested when consumed. Intact oligosaccharides reach the 
lower intestine and undergo anaerobic fermentation by bacteria with gas expulsion 
(H2, CO2, and traces of CH4), causing the flatus effect and sometimes diarrhea and 
abdominal pain. Although raffinose and stachyose can be reduced to an extent by 
soaking or boiling, genetic reduction is one of the prime plant breeding objectives.

4.3 Soybean oil

The major components of crude soybean oil are triglycerides. After refinement 
of the oil, soybean oil is composed of 99% of triglycerides. Triglycerides are neutral 
lipids composed of one glycerol linking three fatty acids [27]. The saturated fatty 
acids in soybean oil are palmitic acid (16:0) and stearic acid (18:0), with average 
concentrations of about 11 and 4% (relative to the oil), respectively, and they are 
useful in making low trans-fat margarines. Soybean oil contains an average of 
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22% monounsaturated fatty acid, oleic acid (18:1). Monounsaturated fatty acids 
are healthy and have good oil stability [42]. Soybean oil possesses the two polyun-
saturated fatty acids: linoleic acid (18:2), an omega-6 fatty acid, and linolenic acid 
(18:3), an omega-3 fatty acid [26]. They can be found in average concentrations of 
53 and 8% of the oil, for linoleic and linolenic acid, respectively. Low (reduced) 
linolenic soybeans have half the linolenic acid level of standard soybeans, which 
reduces the need for hydrogenation, a process used in converting vegetable oils to 
margarine that results in the production of unhealthy trans fatty acids.

Soybean crude oil is also shown to consist of phospholipids, unsaponifiable 
material, free fatty acids, and metals. Unsaponifiable material consists of tocopher-
ols, phytosterols, and hydrocarbons [27]. Tocopherols and phytosterols are consid-
ered as functional components. Soybean oil provides an additional benefit due to 
presence of enriched amounts of α-tocopherol or natural vitamin E. Oils containing 
low contents of linolenic acid (18:3) have been shown to contain high amount of 
α-tocopherol and results in lowered amount of ϒ-tocopherol [5].

4.4 Vitamins and minerals

Soybeans contain water-soluble and oil-soluble vitamins. The water-soluble 
vitamins such as vitamin B1 (thiamin), vitamin B2 (riboflavin), vitamin B5 (pan-
tothenic acid), and vitamin B6 (niacin) and the oil-soluble vitamins vitamin A and 
vitamin E (tocopherols) are present in soybean. Vitamin A mainly exists in the form 
of β-carotene in immature and germinated seeds, whereas it is present in negligible 
amount in mature seeds [27]. Most of the minerals are found in the meal fraction 
rather than in the soybean oil fraction. Dry soybean seeds contain on an average 
concentration ranging from 0.2 to 2.1% major minerals such as potassium, which is 
present in the highest concentration followed by phosphorus, magnesium, sulfur, 
calcium, chloride, and sodium [27]. Minor minerals found in soybeans include sili-
con, iron, zinc, manganese, copper, molybdenum, fluorine, chromium, selenium, 
cobalt, cadmium, lead, arsenic, mercury, and iodine [27].

4.5 Functional components

Functional components of soybeans include isoflavones, saponins, lecithin, 
trypsin inhibitors, lectins, oligosaccharides, tocopherols, and phytosterols [27]. 
Presence of such biological ingredient creates interest to consider soybean food 
products as functional foods, i.e., foods that contain biological components that 
deliver special health benefits, e.g., anticancer, hypocholesteromic, and antioxida-
tive effects to the consumer [26]. Isoflavones are phytoestrogens and are known to 
have positive health effects such as the reduction of the risks for coronary heart dis-
ease, osteoporosis, certain types of cancer, and the moderation of postmenopausal 
symptoms in women [43]. Soybean possesses 0.1–0.4% of isoflavones on a dry 
weight basis; hence, soybean possesses the highest amount of isoflavones compared 
to all other crops [27]. The isoflavone concentration varies considerably depending 
upon the genotype and environmental conditions. It is thought that isoflavones 
are mainly responsible for most of the health benefits from soybean-based foods. 
Therefore, they gained more and more attention from the scientific world [27], and 
research on breeding for enhanced isoflavone content is increasing. Refined soy-
bean oil possesses about 1000–2000 mg/kg. Tocopherol exists in four isomers, three 
of them being α-, ϒ-, and δ-isomers that are present in soybean oil. α-tocopherol 
(natural vitamin E) in soybean is the leading commercial source of this vitamin. 
Tocopherols protect the polyunsaturated fatty acids from oxidation; hence, they are 
antioxidants and used in pharmaceutical applications [42].
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5. Soyfoods

5.1 Tofu

Soybeans with large seed size and high protein levels are primarily used for 
soymilk and tofu production. Other traditional food from soybean includes tempeh, 
miso, soy sauce, okara, soynuts, soy milk, yoghurt, meat, and cheese alternatives. 
Tofu is perhaps the most widely consumed soy food in the world. Tofu is naturally 
processed and it retains a good amount of nutrients and phytochemicals such as the 
isoflavones [5]. Tofu typically contains 7.8% protein and 4.2% lipid on a wet basis [5]. 
It has a relatively low carbohydrate and fiber content, making it easier to digest. There 
are two main types of tofu: silken, or soft tofu and hard tofu. They are made by soak-
ing whole soybeans and grinding them into a slurry with water. The slurry is cooked 
to form soymilk and a coagulant is added. The most commonly used coagulants are 
magnesium chloride, calcium sulfate, or glucono-D-lactone; the coagulants can be 
used purely or in combinations to achieve different flavor or textural characteristics. 
Heating is also usually applied in order to facilitate the coagulation. The result of the 
coagulation is that after a few minutes, the soymilk begins to curdle and large white 
clouds of tofu curd are formed. The water in the curds are then removed and placing 
the tofu curd in cloth-lined forming boxes where pressure is applied from the top 
results in the formation of hard tofu. Silken tofu in comparison to hard tofu is not 
pressed and is often coagulated in the container in which it is to be sold. [2].

5.2 Soymilk

The popularity of soymilk has expanded from Asia to the U.S. and Europe since 
the 1980s. Traditionally, it is made from whole beans in the same way as the first few 
steps of tofu manufacture. This soy milk contains nutrients, saponins, isoflavones, 
and other soluble components of the soybean from which the soy milk is made. 
Some manufacturers add isoflavones back into the soy milk in order to make health 
claims about the product. Additionally, soymilks are also fortified with vitamins 
and minerals, such as β-carotene and calcium or docosahexaenoic acid (DHA), an 
omega-3 fatty acid [2]. However, beverage-quality soy milks available in the market 
are usually prepared from soy protein isolate, to which sugars, fats, and carbohy-
drates are added to improve flavor and generate a nutritional profile similar to that 
of cow’s milk [2].

5.3 Vegetable soybeans (edamame, mukimame)

Vegetable soybean consists of the whole soybean picked at the R6-R7 stage 
and seeds are bigger and sweeter. At this stage, the soybean has a firm texture, 
contains a high level of sucrose, chlorophyll, and is at its peak of green maturity. 
The harvested pod can be left entire or be shucked into individual beans. After 
being blanched and frozen, the soybean can be sold as “edamame,” referring to 
the entire pod, or “mukimame,” referring to individual beans [2]. Nutritionally, it 
is highly rich in protein (11–16%), monounsaturated fatty acid, vitamin C, fiber, 
iron, zinc, calcium, phosphorous, folate, magnesium, potassium, tocopherol, and 
anticancer isoflavones [44]. It also has a pleasant flavor and soft texture and is easier 
to cook. Cooked vegetable soybean has the highest net protein utilization value 
(NPU: ratio of amino acid converted to protein) among all soy products. Vegetable 
soybean also has 60% more calcium and twice the phosphorus and potassium levels 
of green peas, which is India’s most commonly consumed fresh legume (https://
www.gov.uk/government/case-studies/dfid). The vegetable soybean, in general, 
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22% monounsaturated fatty acid, oleic acid (18:1). Monounsaturated fatty acids 
are healthy and have good oil stability [42]. Soybean oil possesses the two polyun-
saturated fatty acids: linoleic acid (18:2), an omega-6 fatty acid, and linolenic acid 
(18:3), an omega-3 fatty acid [26]. They can be found in average concentrations of 
53 and 8% of the oil, for linoleic and linolenic acid, respectively. Low (reduced) 
linolenic soybeans have half the linolenic acid level of standard soybeans, which 
reduces the need for hydrogenation, a process used in converting vegetable oils to 
margarine that results in the production of unhealthy trans fatty acids.

Soybean crude oil is also shown to consist of phospholipids, unsaponifiable 
material, free fatty acids, and metals. Unsaponifiable material consists of tocopher-
ols, phytosterols, and hydrocarbons [27]. Tocopherols and phytosterols are consid-
ered as functional components. Soybean oil provides an additional benefit due to 
presence of enriched amounts of α-tocopherol or natural vitamin E. Oils containing 
low contents of linolenic acid (18:3) have been shown to contain high amount of 
α-tocopherol and results in lowered amount of ϒ-tocopherol [5].

4.4 Vitamins and minerals

Soybeans contain water-soluble and oil-soluble vitamins. The water-soluble 
vitamins such as vitamin B1 (thiamin), vitamin B2 (riboflavin), vitamin B5 (pan-
tothenic acid), and vitamin B6 (niacin) and the oil-soluble vitamins vitamin A and 
vitamin E (tocopherols) are present in soybean. Vitamin A mainly exists in the form 
of β-carotene in immature and germinated seeds, whereas it is present in negligible 
amount in mature seeds [27]. Most of the minerals are found in the meal fraction 
rather than in the soybean oil fraction. Dry soybean seeds contain on an average 
concentration ranging from 0.2 to 2.1% major minerals such as potassium, which is 
present in the highest concentration followed by phosphorus, magnesium, sulfur, 
calcium, chloride, and sodium [27]. Minor minerals found in soybeans include sili-
con, iron, zinc, manganese, copper, molybdenum, fluorine, chromium, selenium, 
cobalt, cadmium, lead, arsenic, mercury, and iodine [27].

4.5 Functional components

Functional components of soybeans include isoflavones, saponins, lecithin, 
trypsin inhibitors, lectins, oligosaccharides, tocopherols, and phytosterols [27]. 
Presence of such biological ingredient creates interest to consider soybean food 
products as functional foods, i.e., foods that contain biological components that 
deliver special health benefits, e.g., anticancer, hypocholesteromic, and antioxida-
tive effects to the consumer [26]. Isoflavones are phytoestrogens and are known to 
have positive health effects such as the reduction of the risks for coronary heart dis-
ease, osteoporosis, certain types of cancer, and the moderation of postmenopausal 
symptoms in women [43]. Soybean possesses 0.1–0.4% of isoflavones on a dry 
weight basis; hence, soybean possesses the highest amount of isoflavones compared 
to all other crops [27]. The isoflavone concentration varies considerably depending 
upon the genotype and environmental conditions. It is thought that isoflavones 
are mainly responsible for most of the health benefits from soybean-based foods. 
Therefore, they gained more and more attention from the scientific world [27], and 
research on breeding for enhanced isoflavone content is increasing. Refined soy-
bean oil possesses about 1000–2000 mg/kg. Tocopherol exists in four isomers, three 
of them being α-, ϒ-, and δ-isomers that are present in soybean oil. α-tocopherol 
(natural vitamin E) in soybean is the leading commercial source of this vitamin. 
Tocopherols protect the polyunsaturated fatty acids from oxidation; hence, they are 
antioxidants and used in pharmaceutical applications [42].
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5. Soyfoods

5.1 Tofu

Soybeans with large seed size and high protein levels are primarily used for 
soymilk and tofu production. Other traditional food from soybean includes tempeh, 
miso, soy sauce, okara, soynuts, soy milk, yoghurt, meat, and cheese alternatives. 
Tofu is perhaps the most widely consumed soy food in the world. Tofu is naturally 
processed and it retains a good amount of nutrients and phytochemicals such as the 
isoflavones [5]. Tofu typically contains 7.8% protein and 4.2% lipid on a wet basis [5]. 
It has a relatively low carbohydrate and fiber content, making it easier to digest. There 
are two main types of tofu: silken, or soft tofu and hard tofu. They are made by soak-
ing whole soybeans and grinding them into a slurry with water. The slurry is cooked 
to form soymilk and a coagulant is added. The most commonly used coagulants are 
magnesium chloride, calcium sulfate, or glucono-D-lactone; the coagulants can be 
used purely or in combinations to achieve different flavor or textural characteristics. 
Heating is also usually applied in order to facilitate the coagulation. The result of the 
coagulation is that after a few minutes, the soymilk begins to curdle and large white 
clouds of tofu curd are formed. The water in the curds are then removed and placing 
the tofu curd in cloth-lined forming boxes where pressure is applied from the top 
results in the formation of hard tofu. Silken tofu in comparison to hard tofu is not 
pressed and is often coagulated in the container in which it is to be sold. [2].

5.2 Soymilk

The popularity of soymilk has expanded from Asia to the U.S. and Europe since 
the 1980s. Traditionally, it is made from whole beans in the same way as the first few 
steps of tofu manufacture. This soy milk contains nutrients, saponins, isoflavones, 
and other soluble components of the soybean from which the soy milk is made. 
Some manufacturers add isoflavones back into the soy milk in order to make health 
claims about the product. Additionally, soymilks are also fortified with vitamins 
and minerals, such as β-carotene and calcium or docosahexaenoic acid (DHA), an 
omega-3 fatty acid [2]. However, beverage-quality soy milks available in the market 
are usually prepared from soy protein isolate, to which sugars, fats, and carbohy-
drates are added to improve flavor and generate a nutritional profile similar to that 
of cow’s milk [2].

5.3 Vegetable soybeans (edamame, mukimame)

Vegetable soybean consists of the whole soybean picked at the R6-R7 stage 
and seeds are bigger and sweeter. At this stage, the soybean has a firm texture, 
contains a high level of sucrose, chlorophyll, and is at its peak of green maturity. 
The harvested pod can be left entire or be shucked into individual beans. After 
being blanched and frozen, the soybean can be sold as “edamame,” referring to 
the entire pod, or “mukimame,” referring to individual beans [2]. Nutritionally, it 
is highly rich in protein (11–16%), monounsaturated fatty acid, vitamin C, fiber, 
iron, zinc, calcium, phosphorous, folate, magnesium, potassium, tocopherol, and 
anticancer isoflavones [44]. It also has a pleasant flavor and soft texture and is easier 
to cook. Cooked vegetable soybean has the highest net protein utilization value 
(NPU: ratio of amino acid converted to protein) among all soy products. Vegetable 
soybean also has 60% more calcium and twice the phosphorus and potassium levels 
of green peas, which is India’s most commonly consumed fresh legume (https://
www.gov.uk/government/case-studies/dfid). The vegetable soybean, in general, 
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carries a flavor, called “beany flavor” or “grassy flavor.” Genotypes with high levels 
of sucrose, aspartic acid, glutamic acid, and alanine are found to have acceptable 
taste [44]. Biochemical analysis has established that production of “beany flavor” in 
soybean or soy-based products is primarily due to the lipoxygenase or the oxidative 
rancidity of unsaturated fatty acids [45]. Plant lipids are sequentially degraded into 
volatile and nonvolatile compounds by a series of enzymes via the lipoxygenase 
pathway, which catalyzes the hydroperoxidation of polyunsaturated fatty acids to 
form the aldehyde and alcohols that are responsible for the grassy-beany flavor [46]. 
Organic food-grade soybeans are produced using cultivation practices that do not use 
synthetic compounds. In the U.S., growers producing and selling soybeans that are 
labeled “organic” must be certified by a USDA-approved state or private agency. The 
top selling organically produced soy products in the US are tofu and soymilk. Other 
specialty soybeans include varieties with low saturated fat, high isoflavone, high 
sucrose, high oleic acid, high stearate, or high protein. Large-seeded soybeans with 
thin seed coat and a clear hilum are preferred for the soynut market, while small- to 
medium-sized seeds are preferred for sprouts.

5.4 Breeding targets for food grade soybeans

Breeding for food-grade soybeans with unique seed composition has focused on 
a specific nutritional trait of the soybean seed. Examples of such varieties are given 
according to the fraction from which the targeted trait origins. Food-grade soybean 
that targets a specific trait such as varieties high in total protein content, high in 
β-conglycinin, low in lipoxygenase, high in specific amino acids such as lysine, 
methionine, and threonine, and low in allergenic proteins [13]. High-protein soy-
beans (>43%) are used for tofu, soymilk, soy sauce, beverages, baked goods, pudding, 
cheese, and meat analogs. The breeding of food-grade soybeans can be classified into 
three major categories: the breeding of large-seeded soybeans, the breeding of small-
seeded soybeans, and the breeding of soybean with unique seed composition [13].

5.5 Large-seeded soybeans

By targeting specific traits, soybean breeders try to develop soybeans with good 
yield and quality [5]. Large-seeded soybeans are bred for tofu, soymilk, miso, 
edamame, and soynuts [13]. An important factor for the breeding of tofu soybeans 
is the tofu yield, which is defined as the weight of fresh tofu produced from a unit 
of harvested soybean. Seed size and seed appearance are also of importance for 
tofu soybeans. Tofu soybeans are larger than 20 g/100-seeds [13]. It is possible to 
produce good quality tofu with dark hilum beans but this requires prior dehulling 
of the beans and careful soymilk filtration [5]. In order to avoid these additional 
processing steps, soybeans with a yellow cotyledon, yellow seed coat, and clear 
hilum are preferred. Moreover, a thin but strong seed coat that is free from cracking 
and discoloration is desirable [13]. Soybean seeds with high protein content exceed-
ing 45% on dry matter basis and improved ratio of 11S/7S is desirable for tofu 
soybeans as this enhances tofu yield and gelling characteristics, respectively [5]. A 
high protein/oil ratio provides a higher tofu yield and firmer texture; therefore, low 
oil content is preferred. Moreover, tofu soybeans should have high water uptake, a 
low calcium content, and a high germination rate. The carbohydrate content and 
composition influence the taste of tofu and soymilk [13]. High total sugar content 
(above 8% on dry matter basis) [5], high sucrose, low raffinose, and low stachyose 
are highly desirable for tofu and soymilk [13]. Examples of tofu and soymilk variet-
ies: Black Kato, Toyopro, Grande, Proto (from Minnesota), Vinton-81, HP 204, 
IA1007, IA1008 (from Iowa), and Harovinton [13, 47].
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5.5.1 Vegetable soybean

Vegetable soybean varieties should meet certain requirements such as sweeter 
seeds with thin seed coat and large seed size (>30 g/100-seeds dry weight) [13]. As 
the pods are eaten directly, genotypes with sparse gray pubescence with green and 
thin seed coat are preferred [13]. Moreover, edamame cultivars should possess as 
less as possible of one-seeded pods as they require greater effort to shell by consum-
ers. Those cultivars with genetically “stay green” and delayed yellowing toward 
maturity make it possible for growers to have extended harvest period closer to 
maturity. Vegetable-type soybean should possess important nutritional traits such 
as high content of sugar (sucrose and maltose) and free amino acids to impart sweet 
and delicious taste. Sucrose is primarily responsible for the sweetness of vegetable 
soybeans, where sucrose content is preferably higher than 10% on dry matter basis. 
Certain free amino acids, such as glutamic acids, are major contributors to the taste 
of vegetable soybeans [13].

5.6 Small-seeded soybeans

5.6.1 Natto

Natto beans are small-seeded soybeans typically used for the fermented soy 
foods popular in Japan. For natto, small to ultrasmall soybeans (smaller than 
9 g/100-seeds [2] of maximum of 5.5 mm diameter are preferred for better fermen-
tation. The seeds have preferably a near spherical shape as this reduces the ratio of 
the tough seed coat to softer cotyledon [2]. Also, clear hilum and thin seed coat are 
desirable traits for natto soybeans. Natto soybeans are nutritionally characterized 
by a high carbohydrate content [13]. A high content of soluble sugars (>10%) on 
a dry weight basis results in a softer natto product, an important requirement for 
natto [5]. The composition of sugars is important for the effectiveness of fermen-
tation [13]. To obtain a steady and controlled fermentation, low sucrose content 
with high stachyose and raffinose content is favored [5]. Soybean with moderately 
high protein content is desirable in order to provide amino acids for fermentation. 
Oil content must be low, i.e., less than 18% of the dry matter as it enhances water 
absorption [13]. For a softer natto product, seeds must additionally possess high 
water absorption capacity during soaking, which is the first step of natto manufac-
turing. Breeders use standard small-seeded lines, such as the cultivar Vance (known 
for having a medium ability for water uptake), to compare selected lines for water 
absorption capacity [5]. Soybeans with medium seed size (10–12 g/100-seeds) and a 
high germination rate are preferred for bean sprouts. High-protein, high-isoflavone, 
high-sugar, and lipoxygenase-free soybeans are desirable for soybean sprouts [13].

It is reported that the Asian small-seeded lines exhibited high diversity indices 
than the U.S. lines for seed hardness, calcium content, and stone seed rate. In 
addition, the average genetic diversity of the U.S. small-seeded soybeans (1.48) 
was lower than that of Asian small-seeded soybeans (1.57), suggesting narrower 
genetic base in the U.S. lines. Seed uniformity, hardness, protein, and calcium 
content appeared to be relatively high in diversity index for both the U.S. and the 
Asian large-seeded lines. The U.S. small-seeded soybeans were desirable for natto 
production because of their softer texture with higher water absorption capacity 
and lower stone seed ratio. However, the Asian large-seeded soybeans had a lower 
stone seed ratio and a higher water absorption capacity. Therefore, using the Asian 
large-seeded genotypes may potentially improve seed quality for tofu and soymilk 
[48]. Therefore, the Asian soybean gene pool may serve as valuable genetic source 
for increasing protein content of the U.S. food-grade soybeans.



Legume Crops - Prospects, Production and Uses

58

carries a flavor, called “beany flavor” or “grassy flavor.” Genotypes with high levels 
of sucrose, aspartic acid, glutamic acid, and alanine are found to have acceptable 
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hilum are preferred. Moreover, a thin but strong seed coat that is free from cracking 
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soybeans as this enhances tofu yield and gelling characteristics, respectively [5]. A 
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(above 8% on dry matter basis) [5], high sucrose, low raffinose, and low stachyose 
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the pods are eaten directly, genotypes with sparse gray pubescence with green and 
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as high content of sugar (sucrose and maltose) and free amino acids to impart sweet 
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soybeans, where sucrose content is preferably higher than 10% on dry matter basis. 
Certain free amino acids, such as glutamic acids, are major contributors to the taste 
of vegetable soybeans [13].

5.6 Small-seeded soybeans

5.6.1 Natto

Natto beans are small-seeded soybeans typically used for the fermented soy 
foods popular in Japan. For natto, small to ultrasmall soybeans (smaller than 
9 g/100-seeds [2] of maximum of 5.5 mm diameter are preferred for better fermen-
tation. The seeds have preferably a near spherical shape as this reduces the ratio of 
the tough seed coat to softer cotyledon [2]. Also, clear hilum and thin seed coat are 
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by a high carbohydrate content [13]. A high content of soluble sugars (>10%) on 
a dry weight basis results in a softer natto product, an important requirement for 
natto [5]. The composition of sugars is important for the effectiveness of fermen-
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turing. Breeders use standard small-seeded lines, such as the cultivar Vance (known 
for having a medium ability for water uptake), to compare selected lines for water 
absorption capacity [5]. Soybeans with medium seed size (10–12 g/100-seeds) and a 
high germination rate are preferred for bean sprouts. High-protein, high-isoflavone, 
high-sugar, and lipoxygenase-free soybeans are desirable for soybean sprouts [13].

It is reported that the Asian small-seeded lines exhibited high diversity indices 
than the U.S. lines for seed hardness, calcium content, and stone seed rate. In 
addition, the average genetic diversity of the U.S. small-seeded soybeans (1.48) 
was lower than that of Asian small-seeded soybeans (1.57), suggesting narrower 
genetic base in the U.S. lines. Seed uniformity, hardness, protein, and calcium 
content appeared to be relatively high in diversity index for both the U.S. and the 
Asian large-seeded lines. The U.S. small-seeded soybeans were desirable for natto 
production because of their softer texture with higher water absorption capacity 
and lower stone seed ratio. However, the Asian large-seeded soybeans had a lower 
stone seed ratio and a higher water absorption capacity. Therefore, using the Asian 
large-seeded genotypes may potentially improve seed quality for tofu and soymilk 
[48]. Therefore, the Asian soybean gene pool may serve as valuable genetic source 
for increasing protein content of the U.S. food-grade soybeans.
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6. Breeding for protein content

Availability of genetic variability for soybean food-grade traits offers scope to 
improve through breeding. Breeding cultivated soybean varieties with high protein 
or high oil are an extremely important and promising objective. High protein and 
low oil content add nutritional value to soy foods. Germplasms that cover a wide 
range in protein content (33.1–55.9%) and oil content (13.6–23.6%) are available for 
breeders to modify the seed/oil ratio in the breeding program. The negative correla-
tion between protein and oil facilitates the development of high protein and low oil 
lines. High protein content is generally associated with low yield, which makes the 
development of lines that combine high protein and high yield difficult. However, 
high yield is mostly achieved by selection for moderately high protein content 
(43–45%) [13]. Seed protein and oil content are two valuable quality traits controlled 
by multiple genes in soybean. The phenotypic range of protein content of soybean 
has been reported to be 34.1–56.8% of seed dry mass, and oil content ranged from 
8.3 to 27.9% [49], suggesting that there is great potential for genetic improvement 
of soybean seed protein and oil content. The negative correlation between oil and 
protein content makes improvement of both traits simultaneously a challenging task 
using conventional breeding [50]. Therefore, the identification of molecular markers 
associated with quantitative trait loci (QTLs) controlling protein and oil content is a 
prerequisite for breaking the negative correlations between both traits [51].

In the SoyBase database, 241 QTLs for protein content and 315 QTLs for oil 
content were reported and found to be distributed over 20 soybean chromosomes 
[52]. A majority of these QTLs were mapped by linkage mapping based on bi-
parental populations and limited by the relatively small phenotypic variation and 
by the fact that only two alleles per locus can be studied simultaneously. The broad 
chromosome regions of QTLs make it difficult to identify putative candidate genes 
of interest [53]. With the advancement of genetic map construction, the avail-
ability of a well-annotated reference genome, resources for association mapping, 
and whole-genome resequencing (WGRS) data, a large number of QTLs for seed 
protein content have been identified (Table 1).

Several genome-wide association studies [50, 66, 68] and QTL analysis [53, 56] 
have shown similar QTL genomic loci (e.g., Chrs20, 15, and 5) for protein and oil 
indicating negative pleiotropic effect or linkage (larger LD). The QTL on Chr20 was 

Trait Major QTL (Chr.) References

Seed protein 20, 15, 18 Akond et al. [54]; Diers et al. [55]; Nichols et al. [56]; 
Brummer et al. [57]; Lee et al. [58]; Sebolt et al. [59]; Chung 

et al. [60]; Fasoula et al. [61]; Panthee et al. [62]; Lu et al. 
[63]; Pathan et al. [53]; Wang et al. [64]; Phansak et al. [65]; 

Hwang et al. [50]; Vaughn et al. [66]; Sonah et al. [67]; 
Bandillo et al. [68]; Valliyodan et al. [69]; Zhou et al. [70]; 

Tajuddin et al. [71]

5, 6, 8 Hyten et al. [72]; Pathan et al. [53], Sonah et al. [67]; 
Bandillo et al. [68]

10, 14 Wang et al. [64]; Phansak et al. [65]

13, 03, 17, 12, 11 Zhou et al. [70]

Sucrose and 
oligosaccharides 
content

5, 7, 8, 11, 13, 18, 16, 
19, 20

Maughan et al. [73]; Kim et al. [74]; Kim et al. [75]; Alkond 
et al. [76], Cicek [77]; Clevinger [78]; Maroof et al. [79]; 

Feng et al. [80]; Zeng et al. [81]; Wang et al. [82]

Table 1. 
Major QTLs for seed protein, sucrose and oligosaccharide content reported in soybean.
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most likely in the genomic region of 29.8–31.6 Mbp that was supported by integrating 
GWAS, transcriptome, and QTL mapping analysis (Table 1) [68]. It was observed 
that the gene order was conserved and 18 identified genes were tandemly duplicated 
on Chr10 and showed similar gene ontology [83]. Three putative candidate genes were 
identified on Chr20 and suggested that these non-duplicated genes might be related 
to protein content [68]. Similarly, Chr15 QTL (38.1–39.7 Mbp) showed an inversely 
duplicated genomic block on Chr8. The QTL on Chr15 comprises 18 putative genes, 
13 of which were duplicated with similar gene function. Syntenic analysis provided 
a basis for divergence of QTL regions that took place during recent genome duplica-
tion and suggested the retention or loss of several genes that might be responsible 
for oil content and protein in soybean. In addition to pleiotropic effects of protein on 
oil and yield, variation in seed protein concentration significantly affects seed size, 
crop growth, and development [84]. High-protein genotypes showed lower leaf area 
and harvest index when compared with high-yielding genotypes. While high-protein 
small seed showed higher leaf area at the beginning of seed fill, more canopy biomass 
production, and low levels of assimilate per seed [84]. Therefore, breaking the unde-
sirable genetic linkage between protein, oil, and yield related loci through repetitive 
recombination and random mating is necessary.

7. Breeding for 11S/7S ratio

Consumers have preference for firmer tofu texture that partly depends upon the 
protein composition. The genotypic variation in this trait is partly due to the ratio of 
11S-to-7S protein fraction in the seed. The 11S fraction generally possesses greater 
gelling potential than 7S; hence, high 11S-to-7S ratio is desirable as it results into 
harder than those with low ratio. The 11S-to-7S ratio is reported to range from 0.3 to 
4.9. However, genotypes with same 11S-to-7S ratio do not always result in the same 
firmness because of different 11S subunit composition. In general, a high 11S-to-7S 
ratio as well as suitable 11S composition is of importance for good tofu firmness.

The selection and manipulation of specific subunit composition will play a major 
role in the development of improved protein quality. Molecular markers linked to 
the various subunit of glycinin and β-conglycinin have been reported previously. 
PCR-based markers were reported for the identification of β-conglycinin genes [85, 
86]. An RFLP marker associated with the Scg-1 (suppressor of β-conglycinin) gene 
was developed by using the α-subunit gene as probe [87]. SNPs in the β subunit 
genes were used to map the Scg-1 gene, and the chromosomal region associated with 
β-conglycinin deficiency was located on linkage group I of the soybean genetic map 
[86]. Hayashi et al. [88] reported AFLP markers linked to the recessive allele, cgdef, 
controlling the mutant line lacking 7S globulin subunits (α, α′, β). Markers linked to 
the glycinin genes were reported. RFLP markers were identified for both Gy4 and 
Gy5 and mapped in linkage group O and F on the public soybean linkage map [31, 
89]. Gy1, Gy2, and gy6 are linked in tandem to one another on linkage group N, while 
Gy3 and Gy7 are linked to one another on linkage group L [90]. KASP-SNP markers 
linked to 7S α′ and 11S A1, A3, and A4 subunits have been reported [91]. Three SSR 
markers (Satt461, Satt292, and Satt156) were found to be associated with glycinin 
QTLs that were distributed on linkage group D2, I, and L, whereas two β-conglycinin 
QTL-associated SSRs (Satt461 and Satt249) were distributed on LG D2 and J [35].

Functional markers (FMs) have advantages over the linked markers, because 
their polymorphic sites have been derived from the genes involved in phenotypic 
trait variation [92]. Glycinin genes have high degree of conservation within the 
subgenus Soja, but there are more variations within subgenus Glycine [93]. Despite 
the high degree of similarity among the subunits in Group I and Group II, gene 
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lines. High protein content is generally associated with low yield, which makes the 
development of lines that combine high protein and high yield difficult. However, 
high yield is mostly achieved by selection for moderately high protein content 
(43–45%) [13]. Seed protein and oil content are two valuable quality traits controlled 
by multiple genes in soybean. The phenotypic range of protein content of soybean 
has been reported to be 34.1–56.8% of seed dry mass, and oil content ranged from 
8.3 to 27.9% [49], suggesting that there is great potential for genetic improvement 
of soybean seed protein and oil content. The negative correlation between oil and 
protein content makes improvement of both traits simultaneously a challenging task 
using conventional breeding [50]. Therefore, the identification of molecular markers 
associated with quantitative trait loci (QTLs) controlling protein and oil content is a 
prerequisite for breaking the negative correlations between both traits [51].

In the SoyBase database, 241 QTLs for protein content and 315 QTLs for oil 
content were reported and found to be distributed over 20 soybean chromosomes 
[52]. A majority of these QTLs were mapped by linkage mapping based on bi-
parental populations and limited by the relatively small phenotypic variation and 
by the fact that only two alleles per locus can be studied simultaneously. The broad 
chromosome regions of QTLs make it difficult to identify putative candidate genes 
of interest [53]. With the advancement of genetic map construction, the avail-
ability of a well-annotated reference genome, resources for association mapping, 
and whole-genome resequencing (WGRS) data, a large number of QTLs for seed 
protein content have been identified (Table 1).

Several genome-wide association studies [50, 66, 68] and QTL analysis [53, 56] 
have shown similar QTL genomic loci (e.g., Chrs20, 15, and 5) for protein and oil 
indicating negative pleiotropic effect or linkage (larger LD). The QTL on Chr20 was 

Trait Major QTL (Chr.) References

Seed protein 20, 15, 18 Akond et al. [54]; Diers et al. [55]; Nichols et al. [56]; 
Brummer et al. [57]; Lee et al. [58]; Sebolt et al. [59]; Chung 

et al. [60]; Fasoula et al. [61]; Panthee et al. [62]; Lu et al. 
[63]; Pathan et al. [53]; Wang et al. [64]; Phansak et al. [65]; 

Hwang et al. [50]; Vaughn et al. [66]; Sonah et al. [67]; 
Bandillo et al. [68]; Valliyodan et al. [69]; Zhou et al. [70]; 

Tajuddin et al. [71]

5, 6, 8 Hyten et al. [72]; Pathan et al. [53], Sonah et al. [67]; 
Bandillo et al. [68]

10, 14 Wang et al. [64]; Phansak et al. [65]

13, 03, 17, 12, 11 Zhou et al. [70]

Sucrose and 
oligosaccharides 
content

5, 7, 8, 11, 13, 18, 16, 
19, 20

Maughan et al. [73]; Kim et al. [74]; Kim et al. [75]; Alkond 
et al. [76], Cicek [77]; Clevinger [78]; Maroof et al. [79]; 

Feng et al. [80]; Zeng et al. [81]; Wang et al. [82]

Table 1. 
Major QTLs for seed protein, sucrose and oligosaccharide content reported in soybean.

61

Food Grade Soybean Breeding, Current Status and Future Directions
DOI: http://dx.doi.org/10.5772/intechopen.92069

most likely in the genomic region of 29.8–31.6 Mbp that was supported by integrating 
GWAS, transcriptome, and QTL mapping analysis (Table 1) [68]. It was observed 
that the gene order was conserved and 18 identified genes were tandemly duplicated 
on Chr10 and showed similar gene ontology [83]. Three putative candidate genes were 
identified on Chr20 and suggested that these non-duplicated genes might be related 
to protein content [68]. Similarly, Chr15 QTL (38.1–39.7 Mbp) showed an inversely 
duplicated genomic block on Chr8. The QTL on Chr15 comprises 18 putative genes, 
13 of which were duplicated with similar gene function. Syntenic analysis provided 
a basis for divergence of QTL regions that took place during recent genome duplica-
tion and suggested the retention or loss of several genes that might be responsible 
for oil content and protein in soybean. In addition to pleiotropic effects of protein on 
oil and yield, variation in seed protein concentration significantly affects seed size, 
crop growth, and development [84]. High-protein genotypes showed lower leaf area 
and harvest index when compared with high-yielding genotypes. While high-protein 
small seed showed higher leaf area at the beginning of seed fill, more canopy biomass 
production, and low levels of assimilate per seed [84]. Therefore, breaking the unde-
sirable genetic linkage between protein, oil, and yield related loci through repetitive 
recombination and random mating is necessary.

7. Breeding for 11S/7S ratio

Consumers have preference for firmer tofu texture that partly depends upon the 
protein composition. The genotypic variation in this trait is partly due to the ratio of 
11S-to-7S protein fraction in the seed. The 11S fraction generally possesses greater 
gelling potential than 7S; hence, high 11S-to-7S ratio is desirable as it results into 
harder than those with low ratio. The 11S-to-7S ratio is reported to range from 0.3 to 
4.9. However, genotypes with same 11S-to-7S ratio do not always result in the same 
firmness because of different 11S subunit composition. In general, a high 11S-to-7S 
ratio as well as suitable 11S composition is of importance for good tofu firmness.

The selection and manipulation of specific subunit composition will play a major 
role in the development of improved protein quality. Molecular markers linked to 
the various subunit of glycinin and β-conglycinin have been reported previously. 
PCR-based markers were reported for the identification of β-conglycinin genes [85, 
86]. An RFLP marker associated with the Scg-1 (suppressor of β-conglycinin) gene 
was developed by using the α-subunit gene as probe [87]. SNPs in the β subunit 
genes were used to map the Scg-1 gene, and the chromosomal region associated with 
β-conglycinin deficiency was located on linkage group I of the soybean genetic map 
[86]. Hayashi et al. [88] reported AFLP markers linked to the recessive allele, cgdef, 
controlling the mutant line lacking 7S globulin subunits (α, α′, β). Markers linked to 
the glycinin genes were reported. RFLP markers were identified for both Gy4 and 
Gy5 and mapped in linkage group O and F on the public soybean linkage map [31, 
89]. Gy1, Gy2, and gy6 are linked in tandem to one another on linkage group N, while 
Gy3 and Gy7 are linked to one another on linkage group L [90]. KASP-SNP markers 
linked to 7S α′ and 11S A1, A3, and A4 subunits have been reported [91]. Three SSR 
markers (Satt461, Satt292, and Satt156) were found to be associated with glycinin 
QTLs that were distributed on linkage group D2, I, and L, whereas two β-conglycinin 
QTL-associated SSRs (Satt461 and Satt249) were distributed on LG D2 and J [35].

Functional markers (FMs) have advantages over the linked markers, because 
their polymorphic sites have been derived from the genes involved in phenotypic 
trait variation [92]. Glycinin genes have high degree of conservation within the 
subgenus Soja, but there are more variations within subgenus Glycine [93]. Despite 
the high degree of similarity among the subunits in Group I and Group II, gene 
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primer pairs specific to Gy1, Gy2, and Gy5 were designed [93–95]. PCR primers 
were designed for identification of the Gy4 null allele and demonstrated selection 
of soybean without the A4 peptide can be done by null allele specific primers which 
overcome the drawbacks of SDS-PAGE gel-based selection for A4 peptide [95].

8. Breeding for amino acid composition

Besides breeding for increased protein content, protein composition is important 
for its nutritional value. Based on solubility properties, globulins and albumins are 
two major components of dicot seed storage protein, and soybean primarily belongs to 
the globulin (~70%) family [96]. The soybean globulins (glycinin and β-conglycinin) 
are relatively low in sulfur-containing amino acids methionine (Met) and cysteine 
(Cys) as well as threonine (Thr) and lysine (Lys) [97]. Increasing the soybean storage 
protein content of seed along with improving the ratio of glycinin to β-conglycinin is 
of great potential for food grade soybean improvement [98, 99]. Therefore, besides 
increased protein content, enhancing sulfur containing amino acids (Met, Thr, Cys, 
and Lys) would improve the nutritional value. More than 70% of the essential amino 
acid enriched meal is used in the feed industry [97, 100]. Although soybean cultivars 
with improved protein content have been successfully developed, only a few studies 
have been conducted to identify genomic regions controlling amino acid composition. 
The difficulty in breeding for improved amino acids could be due to lack of genetic 
variability, lack of high throughput, and cost-effective phenotyping platform to screen 
a large number of samples for amino acids. Panthee et al. [99] identified QTL for 
essential amino acids in a F6-derived recombinant inbred population. In another study, 
a major QTL for essential amino acids and crude protein was identified on Chr20 [97]. 
Moreover, negative correlations of crude protein with Lys and Thr and a positive corre-
lation between Thr with Lys were also observed [97]. Among the essential amino acids, 
Met, Lys, and Thr are synthesized from a common precursor aspartate; thus, they are 
strongly correlated. Krishnan et al. [101] introgressed leginsulin (Cys-rich protein) and 
a high protein trait from an Asian soybean germplasm, PI 427138, into North American 
experimental line (LD00–3309). While they were successful in introgressing leginsulin 
and improving protein content, the overall concentration of sulfur-containing amino 
acids was not changed compared to parental lines.

Seed protein content and composition are dependent on the genetic background 
of an elite parent that plays an important role in the expression of a newly intro-
gressed allele because of complex epistatic interactions [102]. It has been found that 
most of the QTLs affecting seed protein and yield and yield-related components 
were detectable only in one of the parental genetic backgrounds (GBs) in intro-
gression lines of reciprocal crosses [103]. The high protein allele within a different 
genetic background resulted into reduced Thr and Lys content [103]. The high 
protein allele from Danbaekkong on Chr20 has been demonstrated to increase seed 
protein content in several maturity groups (III–VIII) in various genetic backgrounds 
with little drag on seed yield [104]. On the other hand, yield drag was observed for 
the protein QTL alleles on Chr20 from other sources, including wild G. soja [56, 
60]. Hence, it is not feasible to select only the major crude protein QTL on Chr20 to 
improve protein quality. Improvement of protein and amino acid profiles has been 
limited by the narrow genetic base and genome complexity of soybean. Mutation 
breeding can be used to enhance the genetic variability. Mutagenized populations 
(physical, chemical, transposon tagging or transformation-induced mutagens) 
have been useful in crop improvement [105]. In soybean, mutations for seed traits, 
including oleic acid [106], oil [105, 107], stearic acid [108], and lipoxygenase [109] 
were identified using induced mutation.
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9. Genomics-assisted breeding (GAB)

The integration of genomic tools and breeding practices are the core components 
of genomics-assisted breeding (GAB) for developing improved cultivars for any 
given trait. Near-isogenic lines (NILs) can be developed for major QTL (e.g., protein 
QTL on Chr20) by backcross breeding. Using NILs, the effect of a QTL and the phe-
notype it produces (i.e., protein or amino acid content) can be estimated precisely 
without the confounding effects of differences in genetic backgrounds. Additionally, 
developing NILs in a range of maturity groups is desirable to study the effect of 
environment and maturity on seed protein content. Marker-assisted backcrossing 
selection approach was utilized to produce a NIL-(cgy-2–NIL)-containing mutant 
cgy-2 allele, responsible for the absence of allergenic α-subunit of β-conglycinin 
[110]. It is also possible to incorporate multiple genes/QTL into elite lines in a 
cyclic forward crossing scheme and employing marker-assisted recurrent selection 
(MARS) as an effective approach [111, 112]. Recurrent selection was effectively 
utilized for increased gain yield, protein, oil, and oleic acid content [111, 113, 114]. 
Furthermore, the next-generation sequencing (NGS) data can be used effectively 
for genomic selection (GS) to identify desirable parents and progenies. Jarquin et al. 
[115] assessed the genomic and phenotypic data of over 9000 accessions and devel-
oped genomic predication models to evaluate the genetic value for protein, oil, and 
yield traits. Similarly, genomics-assisted haplotype analysis is a promising approach 
if the information of a major QTL is available and that can be applied to select desir-
able haplotype blocks for parental selection and crossing by design [116].

In order to widen the genetic base, it may be necessary to utilize wild species 
accessions as introgression libraries as well as developing interspecific populations. 
On the other hand, elite cultivars and landraces can be used to develop mapping 
populations, and training populations [114]. Wild soybean (G. soja) serves as a 
unique resource to study regulation of protein and amino acid biosynthesis, because 
the seed concentration of these components is higher in G. soja compared with G. 
max. Utilization of G. soja in breeding program is hampered due to linkage drag on 
favorable agronomic characteristics [113]. However, this issue could be resolved 
by advanced backcross QTL-based breeding, which was utilized for introgressing 
alleles from wild tomato to cultivated type for yield improvement [117], or through 
mutation breeding approaches.

10. Breeding for carbohydrate content in soybean seeds

10.1 Sucrose content

Breeders aim to increase the sucrose content in soybean seeds which contribute 
to the sweet taste of soy foods, especially for tofu, soy milk, and edamame. The 
sucrose content in soybeans ranges from 1.5 to 10.2%, and germplasm with even 
higher content, 13.6%, has been identified [13]. Varieties that target a specific 
component of the carbohydrate fraction are varieties high in sucrose content and 
varieties low in oligosaccharides [13]. Compared to conventional soybeans, high-
sucrose soybeans contain 40% more sucrose but 90% less stachyose and raffinose. 
High-sucrose soybeans are used to produce tofu, soymilk, beverages, baked goods, 
puddings, cheese, and meat analogs [13]. The genotypic correlation between 
sucrose and 100-seed weight is positive and significant, as well as the genotypic cor-
relation of 1000-seed weight with protein. Moreover, the heritability for 1000-seed 
weight is high. Hence, the breeding program selection on 100-seed weight would 
result in a good response on relative protein and sucrose content.
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were designed for identification of the Gy4 null allele and demonstrated selection 
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Moreover, negative correlations of crude protein with Lys and Thr and a positive corre-
lation between Thr with Lys were also observed [97]. Among the essential amino acids, 
Met, Lys, and Thr are synthesized from a common precursor aspartate; thus, they are 
strongly correlated. Krishnan et al. [101] introgressed leginsulin (Cys-rich protein) and 
a high protein trait from an Asian soybean germplasm, PI 427138, into North American 
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of an elite parent that plays an important role in the expression of a newly intro-
gressed allele because of complex epistatic interactions [102]. It has been found that 
most of the QTLs affecting seed protein and yield and yield-related components 
were detectable only in one of the parental genetic backgrounds (GBs) in intro-
gression lines of reciprocal crosses [103]. The high protein allele within a different 
genetic background resulted into reduced Thr and Lys content [103]. The high 
protein allele from Danbaekkong on Chr20 has been demonstrated to increase seed 
protein content in several maturity groups (III–VIII) in various genetic backgrounds 
with little drag on seed yield [104]. On the other hand, yield drag was observed for 
the protein QTL alleles on Chr20 from other sources, including wild G. soja [56, 
60]. Hence, it is not feasible to select only the major crude protein QTL on Chr20 to 
improve protein quality. Improvement of protein and amino acid profiles has been 
limited by the narrow genetic base and genome complexity of soybean. Mutation 
breeding can be used to enhance the genetic variability. Mutagenized populations 
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9. Genomics-assisted breeding (GAB)

The integration of genomic tools and breeding practices are the core components 
of genomics-assisted breeding (GAB) for developing improved cultivars for any 
given trait. Near-isogenic lines (NILs) can be developed for major QTL (e.g., protein 
QTL on Chr20) by backcross breeding. Using NILs, the effect of a QTL and the phe-
notype it produces (i.e., protein or amino acid content) can be estimated precisely 
without the confounding effects of differences in genetic backgrounds. Additionally, 
developing NILs in a range of maturity groups is desirable to study the effect of 
environment and maturity on seed protein content. Marker-assisted backcrossing 
selection approach was utilized to produce a NIL-(cgy-2–NIL)-containing mutant 
cgy-2 allele, responsible for the absence of allergenic α-subunit of β-conglycinin 
[110]. It is also possible to incorporate multiple genes/QTL into elite lines in a 
cyclic forward crossing scheme and employing marker-assisted recurrent selection 
(MARS) as an effective approach [111, 112]. Recurrent selection was effectively 
utilized for increased gain yield, protein, oil, and oleic acid content [111, 113, 114]. 
Furthermore, the next-generation sequencing (NGS) data can be used effectively 
for genomic selection (GS) to identify desirable parents and progenies. Jarquin et al. 
[115] assessed the genomic and phenotypic data of over 9000 accessions and devel-
oped genomic predication models to evaluate the genetic value for protein, oil, and 
yield traits. Similarly, genomics-assisted haplotype analysis is a promising approach 
if the information of a major QTL is available and that can be applied to select desir-
able haplotype blocks for parental selection and crossing by design [116].

In order to widen the genetic base, it may be necessary to utilize wild species 
accessions as introgression libraries as well as developing interspecific populations. 
On the other hand, elite cultivars and landraces can be used to develop mapping 
populations, and training populations [114]. Wild soybean (G. soja) serves as a 
unique resource to study regulation of protein and amino acid biosynthesis, because 
the seed concentration of these components is higher in G. soja compared with G. 
max. Utilization of G. soja in breeding program is hampered due to linkage drag on 
favorable agronomic characteristics [113]. However, this issue could be resolved 
by advanced backcross QTL-based breeding, which was utilized for introgressing 
alleles from wild tomato to cultivated type for yield improvement [117], or through 
mutation breeding approaches.

10. Breeding for carbohydrate content in soybean seeds

10.1 Sucrose content

Breeders aim to increase the sucrose content in soybean seeds which contribute 
to the sweet taste of soy foods, especially for tofu, soy milk, and edamame. The 
sucrose content in soybeans ranges from 1.5 to 10.2%, and germplasm with even 
higher content, 13.6%, has been identified [13]. Varieties that target a specific 
component of the carbohydrate fraction are varieties high in sucrose content and 
varieties low in oligosaccharides [13]. Compared to conventional soybeans, high-
sucrose soybeans contain 40% more sucrose but 90% less stachyose and raffinose. 
High-sucrose soybeans are used to produce tofu, soymilk, beverages, baked goods, 
puddings, cheese, and meat analogs [13]. The genotypic correlation between 
sucrose and 100-seed weight is positive and significant, as well as the genotypic cor-
relation of 1000-seed weight with protein. Moreover, the heritability for 1000-seed 
weight is high. Hence, the breeding program selection on 100-seed weight would 
result in a good response on relative protein and sucrose content.
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10.2 Oligosaccharides content

Stachyose and raffinose are not readily digestible and cause flatulence when soy 
foods are consumed. Therefore, breeders aim to develop soybean seeds with reduced 
oligosaccharide content. Stachyose and raffinose content among soybean germplasm 
range from 1.4 to 6.7%, and 0.1 to 2.1%, respectively. Breeding lines with less than 1% 
stachyose and raffinose have been developed [13]. Soybean germplasm “V99–5089” 
was developed with high sucrose, low raffinose, and low stachyose content to use as 
a parent in food-grade soybean breeding programs [118]. The genetic variability of 
seed sugars has significant allelic difference in the genes controlling the biosynthetic 
enzymes. QTL mapping of soluble sugars in soybean seed were reported and of 
which 28 were for seed sucrose (Table 1). These 28 QTLs were mapped on LGs A1 
and E; 3 QTLs on A2, I, and F, and 3 QTLs on L, M, and B1 [73], two QTLs on L, 
D1b, 7 QTLs on L [74], and B2, D1B, E, H, J [75]. The genomic regions associated 
with sucrose, raffinose, and stachyose were identified in segregating F2–10 RILs [74].

Alkond et al. [76] reported 14 significant QTLs associated with sucrose and oligo-
saccharides that were mapped on 8 different linkage groups (LGs) and chromosomes 
(Chr). Seven QTL were identified for raffinose content on LGs D1a (Chr1), N (Chr3), 
C2 (Chr6), K (Chr9), B2 (Chr14), and J (Chr16). Four QTL for stachyose content 
were identified on LG D1a (Chr1), C2 (Chr6), H (Chr12), and B2 (Chr14) [76]. 
Three QTL for seed sucrose content were identified on LGs N (Chr3), K (Chr9), and 
E (Chr15). The region of Chr15 (LG E) that has been reported to be associated with 
sucrose was detected by others [73, 75, 77, 78], but the position of the QTL was dif-
ferent [76]. The two of the regions underlying seed sucrose QTLs identified on LG N 
(Chr3) and K (Chr9) are additions to the loci previously reported on LGs D1b (Chr2), 
A1 (Chr5), M (Chr7), A2 (Chr8), B1 (Chr11), H (Chr12), F (Chr13), G (Chr18), J 
(Chr16), L (Chr19), and I (Chr20) [73, 75, 77, 78]. The selection for beneficial alleles 
of these QTLs could facilitate breeding strategies to develop soybean lines with higher 
concentrations of sucrose and lower levels of raffinose and stachyose.

11. Breeding for functional components

11.1 Lipoxygenase

Normal soybean seeds contain three lipoxygenase isozymes that are responsible 
for the grassy beany flavor and bitter taste of soy food. Research is being con-
ducted for the genetic elimination of lipoxygenase from soybean seeds to reduce 
undesirable flavors in soy food products. Soybean seed lipoxygenase exists in three 
isozymic forms, namely lipoxygenase-1, −2, and −3 controlled by single dominant 
genes, viz. Lx1, Lx2, and Lx3, respectively. Their recessive forms, i.e., lx1, lx2, and 
lx3 cause the loss in activity of corresponding isozyme [119]. Several combinations 
of lipoxygenase null mutants have already been developed: 0-, 00-, and 000-geno-
types with one, two, and three of the isozymes eliminated respectively, In the 
000-genotype, absence of the grassy and beany flavor was observed, as there was 
no detectable level of the lipoxygenase proteins in mature soybean seeds. The pres-
ence or absence of three lipoxygenase isozymes is determined by gel electrophoresis 
and spectrophotometer or by immunological or colorimetric methods [13]. Of the 
three lipoxygenases, Lx2 locus has been mapped on chr13, which corresponds to 
linkage group F, and has been reported tightly linked with Lx1 locus [120]. Lx3 gene 
has been reported to be present on chr15 and is inherited independent of Lx1 and 
Lx2. SSR marker Satt656 tightly linked with Lox2 [121] has been deployed in the 
development of Lox-2 free soybean genotypes NRC109 and NRC110 in India [121]. 
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Based on Lx3 mutant gene sequence, SNP (Lox3PM1) and STS marker (Lox3–3′) 
were developed for identification of Lox3 null individual [122].

11.2 Isoflavones

Soybean cultivars with good isoflavone content are desirable as it contributes 
health benefits. High-isoflavone soybeans contain more than 0.4% isoflavones 
compared to levels of 0.15–0.25% for traditional soybean varieties [13]. Isoflavone 
content is influenced by genetic factors and environmental factors such as tempera-
ture and irrigation during seed maturation [13]. For instance, the total isoflavone 
content of soybean seeds appears to be negatively related to growth temperature [5]. 
Understanding the genetic regulation of this pathway may be necessary for obtaining 
cultivars with good isoflavone levels. Interest has been put in the phenylpropanoid 
synthetic pathway which is catalyzed in its first step by isoflavone synthase (IFS). 
Two genes for IFS have been identified in soybean. Furthermore, negative correlation 
has been found between total isoflavone content and linolenic acid (18:3) concentra-
tion. Other data suggest negative correlation between isoflavone content and protein 
content [5]. QTLs affecting isoflavones were identified using recombinant inbred line 
population and found five QTLs contributed to the concentration of isoflavones, hav-
ing single or multiple additive effects on isoflavone component traits [123]. Similarly, 
six QTLs were identified using the linkage map constructed with specific length 
amplified fragment sequencing, of which one major QTL (qIF20-2) contributed to a 
majority of isoflavone components across various environments and explained a high 
amount of phenotypic variance (8.7–35.3%) [124]. Akond et al. [125] identified QTL 
controlling isoflavone content in a set of recombinant inbred line (RIL) populations 
of soybean derived from “MD96–5722” by “Spencer” cultivars. Wide variations were 
found for seed concentrations of daidzein, glycitein, genistein, and total isoflavones 
among RIL populations. Three QTLs were identified on three different linkage groups 
(LG). One QTL that controlled daidzein content was identified on LG A1 (Chr 5) and 
two QTLs that underlay glycitein content were identified on LG K (Chr 9) and LG B2 
(Chr 14). Identified QTLs could be used to develop soybean with preferable isoflavone 
concentrations in the seeds through MAS.

11.3 Seed oil concentration

Increasing the seed oil concentration has been a breeding goal for centuries. The 
ancestor of the domesticated soybean used to have small, hard, black seeds with 
low oil content, high protein content, and low yield. It is known that an increase in 
oil content is positively correlated with yield and negatively correlated with protein 
content. Selection for yield, agronomic characteristics and seed quality, large yellow 
seeds with typical averages of 20% oil and 40% protein were obtained. However, 
soybean is appreciated for its high protein meal and versatile vegetable oils; 
therefore, breeders mostly prefer to obtain modest gains in oil and yield without 
substantial loss in protein concentration [42]. Breeding for oil quality such as 
with reduced saturated fatty acids are prime focus as it is responsible for elevating 
cholesterol. The saturated fatty acids present in soybean oil are palmitic acid, 16:0, 
and stearic acid, 18:0. Especially, palmitic acid is a health concern as it is correlated 
to cardiovascular disease. It has been suggested that saturated fatty acids should be 
kept below 7–10% on a daily basis [42]. Soybean oil contains the monounsaturated 
fatty acid, oleic acid, 18:1. The oxidative stability of the soybean oil is enhanced by 
increasing three times higher the concentration of monounsaturated fatty acid such 
as oleic (18:1) than the normal content which is about 22%. Therefore, breeders tar-
get a concentration of 18:1 of about 65–75% of total lipid in soybean. By the means 
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10.2 Oligosaccharides content

Stachyose and raffinose are not readily digestible and cause flatulence when soy 
foods are consumed. Therefore, breeders aim to develop soybean seeds with reduced 
oligosaccharide content. Stachyose and raffinose content among soybean germplasm 
range from 1.4 to 6.7%, and 0.1 to 2.1%, respectively. Breeding lines with less than 1% 
stachyose and raffinose have been developed [13]. Soybean germplasm “V99–5089” 
was developed with high sucrose, low raffinose, and low stachyose content to use as 
a parent in food-grade soybean breeding programs [118]. The genetic variability of 
seed sugars has significant allelic difference in the genes controlling the biosynthetic 
enzymes. QTL mapping of soluble sugars in soybean seed were reported and of 
which 28 were for seed sucrose (Table 1). These 28 QTLs were mapped on LGs A1 
and E; 3 QTLs on A2, I, and F, and 3 QTLs on L, M, and B1 [73], two QTLs on L, 
D1b, 7 QTLs on L [74], and B2, D1B, E, H, J [75]. The genomic regions associated 
with sucrose, raffinose, and stachyose were identified in segregating F2–10 RILs [74].

Alkond et al. [76] reported 14 significant QTLs associated with sucrose and oligo-
saccharides that were mapped on 8 different linkage groups (LGs) and chromosomes 
(Chr). Seven QTL were identified for raffinose content on LGs D1a (Chr1), N (Chr3), 
C2 (Chr6), K (Chr9), B2 (Chr14), and J (Chr16). Four QTL for stachyose content 
were identified on LG D1a (Chr1), C2 (Chr6), H (Chr12), and B2 (Chr14) [76]. 
Three QTL for seed sucrose content were identified on LGs N (Chr3), K (Chr9), and 
E (Chr15). The region of Chr15 (LG E) that has been reported to be associated with 
sucrose was detected by others [73, 75, 77, 78], but the position of the QTL was dif-
ferent [76]. The two of the regions underlying seed sucrose QTLs identified on LG N 
(Chr3) and K (Chr9) are additions to the loci previously reported on LGs D1b (Chr2), 
A1 (Chr5), M (Chr7), A2 (Chr8), B1 (Chr11), H (Chr12), F (Chr13), G (Chr18), J 
(Chr16), L (Chr19), and I (Chr20) [73, 75, 77, 78]. The selection for beneficial alleles 
of these QTLs could facilitate breeding strategies to develop soybean lines with higher 
concentrations of sucrose and lower levels of raffinose and stachyose.

11. Breeding for functional components

11.1 Lipoxygenase

Normal soybean seeds contain three lipoxygenase isozymes that are responsible 
for the grassy beany flavor and bitter taste of soy food. Research is being con-
ducted for the genetic elimination of lipoxygenase from soybean seeds to reduce 
undesirable flavors in soy food products. Soybean seed lipoxygenase exists in three 
isozymic forms, namely lipoxygenase-1, −2, and −3 controlled by single dominant 
genes, viz. Lx1, Lx2, and Lx3, respectively. Their recessive forms, i.e., lx1, lx2, and 
lx3 cause the loss in activity of corresponding isozyme [119]. Several combinations 
of lipoxygenase null mutants have already been developed: 0-, 00-, and 000-geno-
types with one, two, and three of the isozymes eliminated respectively, In the 
000-genotype, absence of the grassy and beany flavor was observed, as there was 
no detectable level of the lipoxygenase proteins in mature soybean seeds. The pres-
ence or absence of three lipoxygenase isozymes is determined by gel electrophoresis 
and spectrophotometer or by immunological or colorimetric methods [13]. Of the 
three lipoxygenases, Lx2 locus has been mapped on chr13, which corresponds to 
linkage group F, and has been reported tightly linked with Lx1 locus [120]. Lx3 gene 
has been reported to be present on chr15 and is inherited independent of Lx1 and 
Lx2. SSR marker Satt656 tightly linked with Lox2 [121] has been deployed in the 
development of Lox-2 free soybean genotypes NRC109 and NRC110 in India [121]. 
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Based on Lx3 mutant gene sequence, SNP (Lox3PM1) and STS marker (Lox3–3′) 
were developed for identification of Lox3 null individual [122].

11.2 Isoflavones

Soybean cultivars with good isoflavone content are desirable as it contributes 
health benefits. High-isoflavone soybeans contain more than 0.4% isoflavones 
compared to levels of 0.15–0.25% for traditional soybean varieties [13]. Isoflavone 
content is influenced by genetic factors and environmental factors such as tempera-
ture and irrigation during seed maturation [13]. For instance, the total isoflavone 
content of soybean seeds appears to be negatively related to growth temperature [5]. 
Understanding the genetic regulation of this pathway may be necessary for obtaining 
cultivars with good isoflavone levels. Interest has been put in the phenylpropanoid 
synthetic pathway which is catalyzed in its first step by isoflavone synthase (IFS). 
Two genes for IFS have been identified in soybean. Furthermore, negative correlation 
has been found between total isoflavone content and linolenic acid (18:3) concentra-
tion. Other data suggest negative correlation between isoflavone content and protein 
content [5]. QTLs affecting isoflavones were identified using recombinant inbred line 
population and found five QTLs contributed to the concentration of isoflavones, hav-
ing single or multiple additive effects on isoflavone component traits [123]. Similarly, 
six QTLs were identified using the linkage map constructed with specific length 
amplified fragment sequencing, of which one major QTL (qIF20-2) contributed to a 
majority of isoflavone components across various environments and explained a high 
amount of phenotypic variance (8.7–35.3%) [124]. Akond et al. [125] identified QTL 
controlling isoflavone content in a set of recombinant inbred line (RIL) populations 
of soybean derived from “MD96–5722” by “Spencer” cultivars. Wide variations were 
found for seed concentrations of daidzein, glycitein, genistein, and total isoflavones 
among RIL populations. Three QTLs were identified on three different linkage groups 
(LG). One QTL that controlled daidzein content was identified on LG A1 (Chr 5) and 
two QTLs that underlay glycitein content were identified on LG K (Chr 9) and LG B2 
(Chr 14). Identified QTLs could be used to develop soybean with preferable isoflavone 
concentrations in the seeds through MAS.

11.3 Seed oil concentration

Increasing the seed oil concentration has been a breeding goal for centuries. The 
ancestor of the domesticated soybean used to have small, hard, black seeds with 
low oil content, high protein content, and low yield. It is known that an increase in 
oil content is positively correlated with yield and negatively correlated with protein 
content. Selection for yield, agronomic characteristics and seed quality, large yellow 
seeds with typical averages of 20% oil and 40% protein were obtained. However, 
soybean is appreciated for its high protein meal and versatile vegetable oils; 
therefore, breeders mostly prefer to obtain modest gains in oil and yield without 
substantial loss in protein concentration [42]. Breeding for oil quality such as 
with reduced saturated fatty acids are prime focus as it is responsible for elevating 
cholesterol. The saturated fatty acids present in soybean oil are palmitic acid, 16:0, 
and stearic acid, 18:0. Especially, palmitic acid is a health concern as it is correlated 
to cardiovascular disease. It has been suggested that saturated fatty acids should be 
kept below 7–10% on a daily basis [42]. Soybean oil contains the monounsaturated 
fatty acid, oleic acid, 18:1. The oxidative stability of the soybean oil is enhanced by 
increasing three times higher the concentration of monounsaturated fatty acid such 
as oleic (18:1) than the normal content which is about 22%. Therefore, breeders tar-
get a concentration of 18:1 of about 65–75% of total lipid in soybean. By the means 
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of genetic engineering, 18:1 levels of about 80% total lipid have been achieved [42]. 
In general, soybean varieties with unique fatty acid composition such as high oleic 
acid content, high stearic acid content, low linolenic acid content, or low palmitic 
acid content are preferred [13].

Assessment of agronomic traits has been used to evaluate phenotypic diversity in 
20,570 Chinese soybean accessions and it was reported that seed coat color had the 
highest diversity index among the qualitative traits [126]. Plant’s height had the most 
variation among quantitative traits, and followed by seed size, protein content, growth 
period, and oil content. The seed size of those accessions ranged from smaller than 2 to 
as large as 46 g/100-seeds. The protein content ranged from 30 to 53%; and oil content 
ranged from 10 to 25%. The variances of seed size, protein content, and oil content 
of the U.S. cultivars were lower than the Chinese cultivars [127]. The Southern U.S. 
soybeans were more variable in oil and protein contents and less variable in seed size 
than the Northern U.S. soybeans. The food-grade soybean breeding aims to increase 
the nutritional content and quality of protein and oil [128]. Greater genetic diversity 
of protein content, seed hardness, calcium content, and seed size uniformity than 
other quality traits in both small and large-seeded genotypes were evaluated [128]. The 
U.S. soybean genotypes with small seed were more diverse and exhibited higher swell 
ratio and oil content but lower stone seed ratio and protein content than the Asian 
accessions [128]. Among the large-seeded accessions, the U.S. genotypes had higher 
stone seed ratio and oil content but lower swell ratio and protein content, and were 
less diverse than the Asian genotypes [128]. The characterization of diverse food grade 
soybeans will facilitate parent selection in specialty soybean breeding [1].

12. Breeding for reduced trypsin inhibitor

Soybean germplasm PI542044, also known as Kunitz soybean, contains the null 
allele of KTI, i.e., kti that encodes a truncated protein and it was developed in a 
backcross program involving Williams 82 and PI157440 [129]. Introgression of kti is 
complicated by a number of factors viz., (i) kti being recessive in inheritance, each 
conventional backcross generation would be requiring selfing followed by estimation 
of KTI content in the seeds so as to identify a target plant. However, three recessive 
null alleles, viz. Kunitz trypsin inhibitor, soybean agglutinin, and P34 allergen null 
were stacked in the background of “Williams 82” and were termed as “Triple Null” 
[130]. Three SSR markers, viz. Satt228, Satt409, and Satt429 have been reported to be 
closely linked (0–10 cM) with the null allele of Kunitz trypsin inhibitor [131]. These 
SSR markers was also validated in the mapping population generated using Indian 
soybean genotypes as the recipient parent (TiTi) and PI542044 (titi) as the donor for 
the null allele [132]. Further, a gene-specific marker has also been designed from the 
null allele of KTI from genotype PI157440 [15] and has been deployed in the selection 
of plants carrying the null allele of KTI derived from PI542044 [121]. The null allele 
of KTI from PI542044 was introgressed into the cultivar “JS97–52” (recurrent parent) 
through marker-assisted backcrossing using the SSR marker Satt228, tightly linked 
with a trypsin inhibitor Ti locus. An introgressed line JS97–52 with reduced trypsin 
inhibitor (68.8–83.5%) content was developed [133].

13. Breeding for reduced cadmium content in soybean

Based on the importance of soybean as a staple food crop, the development of low 
Cd soybean cultivars should be a priority. The genetic variability for Cd accumulation 
within a species provides an opportunity to select soybean genotypes with low Cd 
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concentration. In soybean grain, Cd concentration was found to be controlled by a 
single gene, with low Cd dominant in the crosses studied [134]. Lines with the low Cd 
trait had restricted root-to-shoot translocation, which limited the Cd accumulation in 
the grain. Genetic variability in soybean [19, 135] has been reported. An understand-
ing of genetics and heritability of the Cd accumulation is essential in designing the 
breeding strategy to incorporate gene(s) controlling low Cd accumulation in modern 
cultivars. However, identifying low Cd phenotypes by analysis of the grain is chal-
lenging due to the high cost of analysis [136]. Developing inexpensive methods would 
assist in transferring the low Cd accumulation traits with other desirable traits.

14.  Developing markers for marker-assisted selection of low Cd 
accumulation

Marker-assisted selection (MAS) could be an alternative to phenotypic selec-
tion. In soybean, DNA markers linked to low Cd accumulation were identified using 
RIL population (F6:8) derived from the cross AC Hime (high Cd accumulation 
in seeds) and Westag-97 (low Cd accumulation in seeds). The distribution of Cd 
concentration of 166 RILs ranged from 0.067 to 0.898 mg kg−1, with a mean of 
0.268 ± 0.013 mg kg−1 [134]. Using the RIL population, seven simple sequence repeat 
(SSR) markers, SatK138, SatK139, SatK140 (0.5 cM), SatK147, SacK149, SaatK150, 
and SattK152 (0.3 cM), were reported to be linked to Cda1 in soybean seed. It was 
also reported that all the linked markers were mapped to the same linkage group 
(LG) K. SSR markers closely linked to Cda1 in soybean seeds have the potential to 
be used for MAS to develop low Cd-accumulating cultivars in a breeding program 
[134]. In a similar mapping approach, Benitez et al. [137] identified a major QTL cd1 
on chromosome 9 (LG-K) across years and generations which accounted for 82, 57, 
and 75% of the genetic variation. Near-isogenic lines (NILs) were used to confirm 
the effect of the QTL and the peak of the QTL that was located in the vicinity of two 
SSR markers, Gm09:4770663 and Gm09:4790483. Both the studies revealed a major 
QTL for seed Cd content, Cda1 at a similar genomic location, suggesting that cd1 and 
Cda1 may be identical. Candidate genes related to heavy metal transport or homeo-
stasis were located in the vicinity of the identified QTL (Cda1). Protein kinase, puta-
tive adagio-like protein, and plasma membrane H+-ATPase were found in the QTL 
vicinity. The presence of protein kinase and plasma membrane H+-ATPase genes near 
the tightly linked SSR markers suggests that the regulation of this enzyme may play 
a vital role in Cd stress [134]. This was later supported by a major QTL-controlling 
Cd concentration (cd1) identified in soybean [137]. The gene was designated as 
GmHMA1. In GmHMA1a, one base substitution from G to A at nucleotide position 
2095 resulted in a loss of function of the ATPase and was found to be associated with 
Cd uptake [137]. The SSR markers linked to the Cda1 andCd1gene(s)/or QTLs and 
the SNP marker in the P1B-ATPase metal ion transporter gene in soybean can be 
utilized in MAS for developing soybean cultivars with low Cd content.

15. Future directions

Breeding for soybean seed composition traits is a complicated process; fortu-
nately, ample genomic resources and tools are now available to soybean breeders/
researchers for dissection of seed composition traits. The combination of conven-
tional breeding strategy and genomic approaches will help to identify genomic loci, 
haplotypes, and FMs in breeding for improvement of seed composition traits. For 
improvement of protein, the major protein QTL, which was repeatedly mapped 
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of genetic engineering, 18:1 levels of about 80% total lipid have been achieved [42]. 
In general, soybean varieties with unique fatty acid composition such as high oleic 
acid content, high stearic acid content, low linolenic acid content, or low palmitic 
acid content are preferred [13].

Assessment of agronomic traits has been used to evaluate phenotypic diversity in 
20,570 Chinese soybean accessions and it was reported that seed coat color had the 
highest diversity index among the qualitative traits [126]. Plant’s height had the most 
variation among quantitative traits, and followed by seed size, protein content, growth 
period, and oil content. The seed size of those accessions ranged from smaller than 2 to 
as large as 46 g/100-seeds. The protein content ranged from 30 to 53%; and oil content 
ranged from 10 to 25%. The variances of seed size, protein content, and oil content 
of the U.S. cultivars were lower than the Chinese cultivars [127]. The Southern U.S. 
soybeans were more variable in oil and protein contents and less variable in seed size 
than the Northern U.S. soybeans. The food-grade soybean breeding aims to increase 
the nutritional content and quality of protein and oil [128]. Greater genetic diversity 
of protein content, seed hardness, calcium content, and seed size uniformity than 
other quality traits in both small and large-seeded genotypes were evaluated [128]. The 
U.S. soybean genotypes with small seed were more diverse and exhibited higher swell 
ratio and oil content but lower stone seed ratio and protein content than the Asian 
accessions [128]. Among the large-seeded accessions, the U.S. genotypes had higher 
stone seed ratio and oil content but lower swell ratio and protein content, and were 
less diverse than the Asian genotypes [128]. The characterization of diverse food grade 
soybeans will facilitate parent selection in specialty soybean breeding [1].

12. Breeding for reduced trypsin inhibitor

Soybean germplasm PI542044, also known as Kunitz soybean, contains the null 
allele of KTI, i.e., kti that encodes a truncated protein and it was developed in a 
backcross program involving Williams 82 and PI157440 [129]. Introgression of kti is 
complicated by a number of factors viz., (i) kti being recessive in inheritance, each 
conventional backcross generation would be requiring selfing followed by estimation 
of KTI content in the seeds so as to identify a target plant. However, three recessive 
null alleles, viz. Kunitz trypsin inhibitor, soybean agglutinin, and P34 allergen null 
were stacked in the background of “Williams 82” and were termed as “Triple Null” 
[130]. Three SSR markers, viz. Satt228, Satt409, and Satt429 have been reported to be 
closely linked (0–10 cM) with the null allele of Kunitz trypsin inhibitor [131]. These 
SSR markers was also validated in the mapping population generated using Indian 
soybean genotypes as the recipient parent (TiTi) and PI542044 (titi) as the donor for 
the null allele [132]. Further, a gene-specific marker has also been designed from the 
null allele of KTI from genotype PI157440 [15] and has been deployed in the selection 
of plants carrying the null allele of KTI derived from PI542044 [121]. The null allele 
of KTI from PI542044 was introgressed into the cultivar “JS97–52” (recurrent parent) 
through marker-assisted backcrossing using the SSR marker Satt228, tightly linked 
with a trypsin inhibitor Ti locus. An introgressed line JS97–52 with reduced trypsin 
inhibitor (68.8–83.5%) content was developed [133].

13. Breeding for reduced cadmium content in soybean

Based on the importance of soybean as a staple food crop, the development of low 
Cd soybean cultivars should be a priority. The genetic variability for Cd accumulation 
within a species provides an opportunity to select soybean genotypes with low Cd 

67

Food Grade Soybean Breeding, Current Status and Future Directions
DOI: http://dx.doi.org/10.5772/intechopen.92069

concentration. In soybean grain, Cd concentration was found to be controlled by a 
single gene, with low Cd dominant in the crosses studied [134]. Lines with the low Cd 
trait had restricted root-to-shoot translocation, which limited the Cd accumulation in 
the grain. Genetic variability in soybean [19, 135] has been reported. An understand-
ing of genetics and heritability of the Cd accumulation is essential in designing the 
breeding strategy to incorporate gene(s) controlling low Cd accumulation in modern 
cultivars. However, identifying low Cd phenotypes by analysis of the grain is chal-
lenging due to the high cost of analysis [136]. Developing inexpensive methods would 
assist in transferring the low Cd accumulation traits with other desirable traits.

14.  Developing markers for marker-assisted selection of low Cd 
accumulation

Marker-assisted selection (MAS) could be an alternative to phenotypic selec-
tion. In soybean, DNA markers linked to low Cd accumulation were identified using 
RIL population (F6:8) derived from the cross AC Hime (high Cd accumulation 
in seeds) and Westag-97 (low Cd accumulation in seeds). The distribution of Cd 
concentration of 166 RILs ranged from 0.067 to 0.898 mg kg−1, with a mean of 
0.268 ± 0.013 mg kg−1 [134]. Using the RIL population, seven simple sequence repeat 
(SSR) markers, SatK138, SatK139, SatK140 (0.5 cM), SatK147, SacK149, SaatK150, 
and SattK152 (0.3 cM), were reported to be linked to Cda1 in soybean seed. It was 
also reported that all the linked markers were mapped to the same linkage group 
(LG) K. SSR markers closely linked to Cda1 in soybean seeds have the potential to 
be used for MAS to develop low Cd-accumulating cultivars in a breeding program 
[134]. In a similar mapping approach, Benitez et al. [137] identified a major QTL cd1 
on chromosome 9 (LG-K) across years and generations which accounted for 82, 57, 
and 75% of the genetic variation. Near-isogenic lines (NILs) were used to confirm 
the effect of the QTL and the peak of the QTL that was located in the vicinity of two 
SSR markers, Gm09:4770663 and Gm09:4790483. Both the studies revealed a major 
QTL for seed Cd content, Cda1 at a similar genomic location, suggesting that cd1 and 
Cda1 may be identical. Candidate genes related to heavy metal transport or homeo-
stasis were located in the vicinity of the identified QTL (Cda1). Protein kinase, puta-
tive adagio-like protein, and plasma membrane H+-ATPase were found in the QTL 
vicinity. The presence of protein kinase and plasma membrane H+-ATPase genes near 
the tightly linked SSR markers suggests that the regulation of this enzyme may play 
a vital role in Cd stress [134]. This was later supported by a major QTL-controlling 
Cd concentration (cd1) identified in soybean [137]. The gene was designated as 
GmHMA1. In GmHMA1a, one base substitution from G to A at nucleotide position 
2095 resulted in a loss of function of the ATPase and was found to be associated with 
Cd uptake [137]. The SSR markers linked to the Cda1 andCd1gene(s)/or QTLs and 
the SNP marker in the P1B-ATPase metal ion transporter gene in soybean can be 
utilized in MAS for developing soybean cultivars with low Cd content.

15. Future directions

Breeding for soybean seed composition traits is a complicated process; fortu-
nately, ample genomic resources and tools are now available to soybean breeders/
researchers for dissection of seed composition traits. The combination of conven-
tional breeding strategy and genomic approaches will help to identify genomic loci, 
haplotypes, and FMs in breeding for improvement of seed composition traits. For 
improvement of protein, the major protein QTL, which was repeatedly mapped 
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on Chr20, Chr15, and Chr18, may facilitate breeders to select parental lines and 
consider them for crossing schemes or introgression into locally adapted superior 
yielding cultivars through genomics-assisted breeding and MAS. Issues related to 
protein increase without yield drag, pleiotropic effects, and background/allelic 
effects could be addressed via screening diverse germplasm, considering wild 
soybean alleles for introgression, undertaking genomics-assisted breeding, precise 
high-throughput phenotyping, mutational breeding, and genome editing through 
Crisp/Cas. Integrating these aspects will extend our current genetic and genomic 
portfolio far beyond that of traditional breeding. Finally, when a cultivar with 
improved food-grade characteristics is developed, a further step is the evaluation 
of the quality of the product obtained from this cultivar. This is important as the 
success of a food-grade soybean cultivar is determined by the preferences of the 
consumers.
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on Chr20, Chr15, and Chr18, may facilitate breeders to select parental lines and 
consider them for crossing schemes or introgression into locally adapted superior 
yielding cultivars through genomics-assisted breeding and MAS. Issues related to 
protein increase without yield drag, pleiotropic effects, and background/allelic 
effects could be addressed via screening diverse germplasm, considering wild 
soybean alleles for introgression, undertaking genomics-assisted breeding, precise 
high-throughput phenotyping, mutational breeding, and genome editing through 
Crisp/Cas. Integrating these aspects will extend our current genetic and genomic 
portfolio far beyond that of traditional breeding. Finally, when a cultivar with 
improved food-grade characteristics is developed, a further step is the evaluation 
of the quality of the product obtained from this cultivar. This is important as the 
success of a food-grade soybean cultivar is determined by the preferences of the 
consumers.
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Organic Grain Legumes in India: 
Potential Production Strategies, 
Perspective, and Relevance
Amanpreet Singh and Harmandeep Singh Chahal

Abstract

Organic agriculture comes from the conscious efforts of people who are inspired 
to create the best possible relationship between the earth and humans. Since its 
inception, the sphere surrounding organic farming has become much more com-
plex. The introduction of legumes into crop rotation is not a new concept, legumes 
such as peas and chickpeas were introduced into cereal-related crop rotation during 
the Harappan period of the chalcolithic period at the end of 3000 BC. The grain 
yield after legumes in the grain system is 30 to 35% higher than the grain in the crop 
chain. Legumes play a unique role in organic farming systems because of their deep 
root system, ability to fix nitrogen, and the ability to rotate and rotate systems.

Keywords: organic farming, legumes, nutrient, pest, constraints

1. Introduction

Organic agriculture comes from the conscious efforts of people who are inspired 
to create the best possible relationship between the earth and humans. Since 
its inception, the sphere surrounding organic farming has become much more 
complex. A major challenge of today’s agriculture scenario is food contamination 
of unhealthy chemicals related to fertilizers, herbicides, and pesticides. Over the 
past two decades, the global community has also been sensitive to preserve the 
environment and food quality. Enthusiastic promoters of organic farming believe 
that it can meet these two requirements and become a comprehensive means of 
rural development. After nearly a century of development, organic farming has 
gained public acceptance and shows great commercial, social, and environmental 
promise. Although there has been a constant mindset from the very first days to the 
present day, the modern organic movement is completely different from its original 
form and based on environmental sustainability, as well as the founder’s interest 
in healthy soil, healthy food, and healthy people. Organic farming is the best way 
to improve soil quality and the health of organisms. Today, the world recognizes 
the importance of quality food products that are not contaminated by synthetic 
materials, namely chemical fertilizers, pesticides and pesticides in agricultural pro-
duction, and hormones and chemicals used in the livestock industry. Synthetic fer-
tilizers and pesticides are not necessary to maintain a sufficient supply of nutritious 
food to feed the developing world population and worse, can lead to environmental 
degradation in general, and soil quality in particular. So manipulation of organic 
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farms with the utilization of natural resources is necessary for the form of sustain-
able management based on the agronomic alteration of present agriculture scenario. 
Legumes have good potential to diversify farming systems on organic farms. 
Introducing legumes into organic production systems add to improving soil fertil-
ity by fixing nitrogen and releasing phosphorus nutrients. Therefore, in legume 
rotation, the subsequent grain yield and the crude protein concentration in the seed 
may increase due to excess nitrogen provided by the previous legume. Legumes 
help in increasing organic matter and microbial biomass, soil activity, improve soil 
structure and water holding capacity while helping to reduce water erosion. Crop 
rotation plays an important role in organic farming, and rotations include legumes 
that allow for future production in the same land. The versatility of legumes allows 
them to be used in biological systems in different ways: crop rotation, intercrop-
ping, level cultivation, and cover crops. To reach the full yield potential of crops in 
organic production systems at all times, legumes must account for at least 30% of 
the total crop area [1]. The introduction of legumes into crop rotation is not a new 
concept, legumes such as peas and chickpeas were introduced into cereal-related 
crop rotation during the Harappan period of the chalcolithic period at the end of 
3000 BC. The grain yield after legumes in the grain system is 30–35% higher than 
the grain in the crop chain. Legumes play a unique role in organic farming systems 
because of their deep root system, ability to fix nitrogen, and the ability to rotate 
and rotate systems. The choice of the utilization of grain legumes in organic farm-
ing increases day by day due to the increasing consumption of organic productions 
due to improvement in organic markets.

2.  Status of grain legumes under organic farming vs. conventional 
farming

Recognizing the importance of clean food for people, the demand for organic 
products, especially in developed countries, is increasing day by day. Worldwide, 
1.8 million farm households in 162 countries practice organic farming on 37 mil-
lion hectares of land. The largest areas of organically managed agricultural land 
are Oceania (12.1 million hectares or 33% of the world’s organic agricultural land), 
Europe (10.6 million hectares or 29% organic agricultural land of the world), and 
Latin America (6.8 million ha or 23%). India now ranks 10th among the top 10 
countries in the world for organic certified farmlands. The certified area covers 15% 
of the cultivated area with 0.72 million ha and the remaining 85% (3.99 million ha) 
is left in the forest and wilderness to collect small forest products. The total area 
under organic certification is 4.72 million ha (2013–2014). In terms of production, 
India has produced about 1.24 million tons of certified organic products including 
sugarcane, cotton, oilseeds, basmati rice, legumes, spices, tea, fruits, dried fruits, 
vegetables, coffee, and value-added products and organic products is not limited to 
food items but it also includes an organic cotton and other daily items, etc. Of all the 
states, Madhya Pradesh occupies the largest area of organic produce certification, 
followed by Himachal Pradesh and Rajasthan [2].

In India, the main grain legumes are based on pulses and oilseeds and the main 
crops are lentils, grams, peanuts, soybeans, and pigeons (Table 1), but the organic 
production of organic grain legumes is only 1.44 million tons [3]. Organic produc-
tion of grain legumes is low as compared to conventionally produced legumes but 
their production was improved day by day by the implementation of new research 
modules developed by agricultural institutes. Organic grain legumes not in terms 
of consumption are better utilized but it is developed as a backbone of agriculture 
markets in terms of export to other countries at higher rates. Soybeans (70%) 
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topped export products, followed by cereals and millet different from basmati 
(6%), processed food products (5%), basmati rice (4%), sugar (3%), tea (2%), 
legumes (1%), nuts (1%), spices (1%) and others (www.opeda.org). The Indian 
Government launched the National Organic Production Program (NPOP) in 2001. 
States like Uttarakhand, Karnataka, Madhya Pradesh, Maharashtra, Gujarat, 
Rajasthan, Tamil Nadu, Kerala, Nagaland, Mizoram, and Sikkim have encouraged 
organic agriculture based on cereals, pulses, oilseeds, and horticultural crops.

3. Crop production techniques in organic grain legumes

3.1 Choose the right variety

The legume improvement program began in 1917 with selections from differ-
ent parts of the country, especially pigeonpea. Today, a large number of improved 
varieties have been published to improve yield, resistance to pests and pests, short 
duration, synchronized maturation, a small size, etc., adapting to conditions of 
different farmland. Generally, genetically improved varieties are not allowed in 
organic farms so selection or crop improvement in legume varieties should be based 
on adaptability to the agro-climatic conditions of locations and resistant to abiotic 
and biotic stress should be developed. The old desi varieties have low productivity, 
but their potential towards stress conditions was so good and acceptable.

3.2 Sowing time

Planting time is the most important non-monetary contribution that signifi-
cantly affects crop growth and productivity [4]. A delay in planting limits the 
vegetative growth; a number of fruit-bearing branches or stems branches and leads 
to forced maturity and poor productivity. At the same time, the incidence of pests, 
especially the European stem borer (Helicoverpa armigera) on green beans [5]. 
Growing lentils from November 15th to 20th in Tripura gives maximum grain yield 
compared to early or late planting [6]. Agronomic alteration based on sowing time 
or date of sowing is a good manipulation on organic farms without the utilization of 
any unnecessary source.

3.3 Water management

In India’s, there are two main water management issues: (i) water surplus and 
subsequent flooding problem during the Kharif season and (ii) water shortage dur-
ing the Rabi season (November to April). Legumes need adequate drainage because 

Crop Total area (MH) Total production (MT)

Lentil 1.55 1.61

Gram 10.56 11.23

Groundnut 4.91 9.18

Soybean 10.47 10.98

Pigeonpea 4.43 4.25

*Agricultural Statistics at a Glance 2018 (Government of India).

Table 1. 
Major grain legumes in India.
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they are prone to water-logging [7]. Legumes are mainly grown as rainfed crops in 
the semi-arid and arid areas. However, legumes grown during the summer months 
require significant irrigation, especially during the critical period, when soil 
moisture becomes a limiting factor. The vegetative, flowering and fruiting stages are 
very important in pulse physiology so adequate management of irrigation schedul-
ing at these stages is important. In water deficit areas, alternate-furrow irrigation 
and water conservation techniques is a good approach.

3.4 Tillage

Arable land is necessary to treat the soil with agricultural tools and tools to 
obtain ideal conditions for seed germination, seed establishment, and plant growth. 
The main objective of tillage is to create good soil and soil conditions for crop estab-
lishment and initial development of roots and shoots. The Kharif legume requires 
tillage to open the soil through a rotating plow and two cross wrinkles followed by 
a plank. In Rabi legumes, soil plows after Kharif and if necessary, irrigation should 
be given before planting to ensure adequate moisture. Recycling of summer mung 
bean residues (Vigna radiata) through rotary tillers and cropping systems increases 
system productivity, profitability, and soil health [8]. Crop residue incorporation in 
organic fields with the help of tillage techniques is also a good approach for manage-
ment of fertilizer needs of crops and improves organic matter content of the soil.

3.5 Geometric planting

The optimal space needed depends on the type of crop, the variety, the planting 
season, and the cropping system. Most short-lived legumes need a small space, 
while long-term varieties work well with a larger space. Appropriate planting densi-
ties in fields and vegetables lead to better use of solar radiation to turn into higher 
yields. Planting in the first week of June will have the highest percentage of pods 
or seeds in grain legumes. Tighter and wider gap performance in different variet-
ies and sowing after this date have reduced grain yield [9]. Growing green peas at 
a distance of 20 cm × 10 cm is more sufficient to get good yield benefits [10]. In 
general, Kharif cultivation requires greater spacing and a smaller plant population 
than summer crops due to relatively warm temperatures, long vegetative growth, 
and abundant branching.

3.6 Seed priming

Seed soaking in water for 10–12 hours and shade drying enhances germina-
tion percentage and early emergence under rainfed cropping. The seed priming 
in organic farming refers to soaking the seed in organic liquids. In the broadcast 
method, the established seed was low so seed soaking and priming a good tool to 
achieve the desired yield. Gupta and Bhowmick [11] stated that the sowing of pre-
sprouted seeds significantly increased the pod number per plant, seed per pod, and 
test weight in Lathyrus.

3.7 Nutrient management strategies in organic legume production

No doubt, legumes are a very important food crop to improve human nutrition 
having high protein and nutrient content. Biological response of legumes to plant 
growth-promoting bacteria (PGPB) or bio-fertilizers is an effective and environ-
mentally safe approach to reduce dependence on chemical and inorganic fertilizers 
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causing soil pollution. Phosphorous (P) deficiency in soil is often a major factor 
in poor legume productivity. The productivity of legumes can be significantly 
increased by applying P based on soil analysis information. P applied to legumes 
can produce residual effects up to a limit of 20 to 35 kg P2O5 ha−1. Seeding or 
seed application with P-soluble organisms such as PSB and PSF increases P-use- 
efficiency. The level of response to applied P can be further improved by timely 
management, planting, and source used, maintain optimal plant populations, 
maintain adequate moisture, low pest incidence, and weed control effectively [12]. 
Treating seed with bio-fertilizer (rhizobia) can increase legume productivity by 
10–12%. The combined use of microbial cultures, such as rhizobium and P based 
biofertilizer (VAM), leads to higher seed yields of the crop than rhizobia cultures 
alone. Although good results have been achieved at the research stations, the 
adaptability of integrated nutrient management (INM) technologies to farmers at 
the farm level is during early phases of organic farm formations. More attention 
should be paid to the development and identification of suitable bio-fertilizer 
strains for major legume systems for different agronomic conditions through 
integrated methods developed by agronomists, biologists, and microbiologists. The 
availability of biofertilizer is easy and at cheap rates to the organic farms so better 
adaptability by farmers to this technology of nutrient management [13]. Several 
studies have shown that spraying panchgavya at 3% helps improve plant growth 
because it contains micro and macronutrients and favorable growth hormones. The 
enzyme in panchagavya promotes rapid cell division and multiplication, helping 
to improve plant growth patterns. Kumaravelu and Kadambian [14] reported that 
spraying panchgavya (3%) 10 days after planting (DAS) significantly increased the 
growth of Greengram plants, resulting in higher grain yield. Several other liquid 
organic manures such as jeevamrit are also a good option for nutrient management 
in organic legumes.

3.8 Organic pest and disease management in organic grain legumes

The main issue is the organic management of insects and pests in organic farm-
ing. Natural predators should be encouraged and protected (for example, farming 
trees on farms that attract pests and insects, etc.). Products collected from local 
farms, animals, plants, and microorganisms and prepared on the farm can control 
pests. Extracts from neem seed core (NSKE), cow urine sprays are beneficial for 
pest control. Products authorized to control pests are neem oil and other neem 
preparations such as NSKE, color traps, mechanical traps, pheromone traps, herbal 
remedies, mild soaps, and clay, etc. A mixture of 3–5 L cow urine and an equal 
amount of manure (3–5 kg) stored for 4 days and filtered it. Add 200 g of lime and 
obtain up to 80 L and spray along with cow’s milk in legumes control mosaic, a 
type of viral diseases (also called yellow mosaic virus) in which whey acts as a good 
barrier for reducing transmission of YMV [2]. Legumes are susceptible to pests and 
diseases. Productive losses due to the absence of plant protection measures vary 
from 46 to 96% depending on the crop and variety in legumes and further in case 
of organic legumes it can be increased up to complete crop failure. Integrated pest 
management (IPM) in legumes includes the use of resistant varieties, crop rotation 
with non-host plants, etc. also a good approach in the management of diseases and 
pests on organic farms. In Arunachal Pradesh, straw humus reduced the incidence 
of Ascorobta on peas as mulch application by regulating temperature and humid-
ity [15]. Caterpillars are the most devastating legume insect due to favorable 
weather conditions. So regular inspections of farms on a daily or weekly basis were 
implemented.
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obtain up to 80 L and spray along with cow’s milk in legumes control mosaic, a 
type of viral diseases (also called yellow mosaic virus) in which whey acts as a good 
barrier for reducing transmission of YMV [2]. Legumes are susceptible to pests and 
diseases. Productive losses due to the absence of plant protection measures vary 
from 46 to 96% depending on the crop and variety in legumes and further in case 
of organic legumes it can be increased up to complete crop failure. Integrated pest 
management (IPM) in legumes includes the use of resistant varieties, crop rotation 
with non-host plants, etc. also a good approach in the management of diseases and 
pests on organic farms. In Arunachal Pradesh, straw humus reduced the incidence 
of Ascorobta on peas as mulch application by regulating temperature and humid-
ity [15]. Caterpillars are the most devastating legume insect due to favorable 
weather conditions. So regular inspections of farms on a daily or weekly basis were 
implemented.
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3.9 Impact on soil dynamics: physical, chemical, and biological properties

Intensive agricultural practices lead to degradation of soil aggregates, resulting 
in soil erosion and loss of soil organic matter (SOM) [16]. Legume crops increase 
SOM, help aggregate soil particles, and crop residues obtained from legumes are 
considered a good technique for sustainable soil management because it prevents 
soil erosion, improve water holding capacity and help restore soil biodiversity.

3.9.1 Physical properties

Legumes in the form of mulch or crop residue act as a soil conditioner, as they 
positively affect soil microbial populations by providing them with a substrate, 
increasing the degradation of the debris or residues of plant and the addition of 
organic matter to the soil in large quantities [17] lead to the prevention of soil/wind 
erosion, improved soil agglomeration and water holding capacity, etc. Therefore, 
legumes play a very important role in soil restoration and provide a favorable 
strategy to improve soil health for sustainable agriculture.

3.9.2 Chemical properties

Legume cultivation has a tremendously positive effect on soil chemistry. In 
particular, the pH of the soil decreased due to the production of organic acids 
and CO2 from legumes degradation in alkaline soils [18]. Therefore, legumes act 
as a buffer for the soil by maintaining its pH. The addition of legume crops to 
intensive farming systems significantly reduces soil and water pollution. Crop 
residue incorporation based on legumes improves the availability of macro or 
micronutrients also.

3.9.3 Biological properties

The practice of intercropping with legumes helps in the development of dif-
ferent types of roots capability of fixing nitrogen and is therefore responsible for 
changing the complete distribution of the roots, as well as the root architecture, 
as well as modifying the secretion process in the rhizosphere. Therefore, it can 
strongly influence the microbial community as well as its interactions with the crop, 
thus promoting various benefits. Intercropping of cereals and legumes also pro-
motes replenishment and facilitation in agricultural systems [19]. Legumes are also 
thought to promote the invasion of arbuscular mycorrhizae (AD) in low-input input 
agricultural systems, as legumes actively participate in trilateral symbiotic relation-
ships between different microbial species [20]. There is a gradual improvement in 
the diversity and abundance of mycorrhizae in legume cultivation.

4. Biological N-fixation by grain legumes

The grain legumes can fix nitrogen biologically with the help of a symbiotic and 
mutual partnership with rhizobia bacteria. N-fixation of grain legumes is about 
1.0 kg ha day−1 within a cropping season. Most of the excess fixed nitrogen is com-
pletely utilized by the second relay crop or it will help in decrease nitrogen demand 
of the next crop. Legumes can fix up to 100 kg nitrogen per hectare depending upon 
crop type, management, and agro-climatic conditions. Mostly all grain legumes 
fix nitrogen such as gram (26–63 kg ha−1), pigeon pea (68–200 kg ha−1), mungbean 
(50–55 kg ha−1), and lentil (35–100 kg ha−1) [21].
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5. The remaining impact of legumes on agricultural systems

Crop rotation can improve biomass production and can sequester carbon (C) 
and nitrogen (N) in the soil, mainly crop rotation with non-legumes, and C and 
N can be improved with effects consecutively, for example, the increase in maize 
yield in legume rotation is a 50% successful plantation when grown with sesame 
[22]. Intercropping with legumes may increase soil N, and this total N may not be 
available during the current growing season, improving soil fertility for successful 
cultivation [23]. Lopez and Mundt [24] observed that velvet bean (Mucuna pru-
riens), and sun-hemp (Crotalaria juncea) often resulted in maize yields of 4 to 7 mg/
ha even without applying additional nitrogen fertilizer in the next harvest. Yusuf  
et al. [25] reported that to maximize the contribution of legumes N to the next 
crop, it is essential to maximize the total amount of N in legumes, the amount of 
N mineralized legumes, and the effectiveness of legumes. The use of this mineral 
N and the amount of N derived from immobilization Nair et al. [26] observed 
that legumes, especially soybeans, cowpea, peas, and peanuts intercropping with 
maize have the remaining or residual effect on the yield of a subsequent wheat 
crop. Intercropping of sorghum with peanuts, cowpea, and green gram reduces the 
N demand of wheat fertilizer to 61, 83, and 38 kg/ha for a target yield of 4.0 tons/
ha. Grain legume crops have deep root systems in the soil so they can recycle crop 
nutrients that are deep in the soil profile and also have the ability to hold different 
nutrients in high amounts in their biological content (Table 2).

6.  Grain legumes also act as intercropping and green manure in organic 
farming

Intercropping is practiced to meet different ecological goals, such as promoting 
interaction between species, activating natural regulatory mechanisms, increasing 
biodiversity, and reducing farmers’ risk against climate aberration [27]. The main 
objective of the legume intercropping system is to produce more yields from the same 
field and improve the efficiency of natural resources compared to monoculture [28]. 
Mixing a legume with a non-legume species may have a performance advantage over 
monoculture. Legumes improve soil function through the symbiosis of the legume-
rhizobia [29]. The main objective of the legume intercropping system is to produce 
more yields from the same field and improve the efficiency of natural resources com-
pared to monoculture [28]. Mixing a legume with a non-legume species may have a 
performance advantage over monoculture. Under favorable environmental condi-
tions, legumes add N to the system, obviously leading to high yields of major crops 
[30]. Barbosae et al. [31] reported that 25% of the fixed N per cowpea component 
was transferred to corn. An important goal of intercropping is to ensure higher yields 
per unit area than monoculture [32]. Compost refers to the inclusion of crumbling 
fresh plant remnants in soils undergoing biodegradation using the soil microbiota 

Crop Wheat Rice Lentil

N % 0.39 0.48 1.74

P% 0.13 0.16 0.16

K% 1.10 1.03 1.74

Table 2. 
Nutrient concentration and C:N ratio of rice, wheat, and lentil straw.
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and contributing to soil organic matter. Legumes are an effective green manure crop 
because the decomposed plant matter after harvest can improve soil water reten-
tion and water retention, reduce soil erosion and increase SOM, and thus improve 
soil properties. Different benefits can be used to enhance crop yields [33]. Green 
manure can be classified into two categories according to their manure position, i.e. 
local green manure, and green manure (Onsite and offsite). In the case of local green 
manure, legumes are planted and added to the soil on the same site, while in the case 
of green manure; legumes’ waste is collected at the nearest location and added to the 
soil first, plant the next harvest. Besides, legumes have a wide range of properties 
such as biological nitrogen fixation, short time, against abiotic and biological stress, 
environmental flexibility, fast, simple off-farm production, etc. Better monitoring of 
agricultural sustainability is achieved by legumes addition in organic farming [34].

7. Microbiological changes under organic legumes

Legumes are one of the important components to increase soil microbial bio-
mass (SMB) in the soil [35]. Legumes play an important role in small and medium-
sized businesses and important energy processes, such as the nutrient cycle and 
disruption of SOMs, thus improving crop yields and soil sustainability [36]. The 
instability of small and medium-sized enterprises implementing several important 
agronomic processes in the soil can drastically change agricultural productivity and 
soil sustainability [37]. The relationship between biota and legume in the soil and 
their significance for the various soil functions has a positive impact on soil sustain-
ability [38]. SMB was increased by rotation of legumes with significant improve-
ments in the structure of soil microbial communities and soil health [39]. Some 
microorganisms that interact physically with legumes in the rhizosphere can also 
actively improve crop yields by increasing plant growth and growth [40]. The SMB 
is similar to the eye of a needle than any SOM must overcome [41] and is therefore 
widely used as a biological indicator in soil sustainability [38]. SOM is an instant 
sink for nutrients, organisms, and carbon. SMB also increases the nutrient supply in 
cultures in symbiotic associations. It contributes to the physical structure of the soil, 
chemical processes, and pesticide degradation and prevents soil pathogens [42]. 
SMB and microbiological dynamics are related indicators of changes in soil sustain-
ability due to changes in soil properties. SMBs are mainly found in surface layers 
and vary according to soil configuration. SMB is a living element of the soil. Tilak 
[43] stated higher counts of actinomycetes, bacteria, Azotobacter, fungi, and PSB 
due to growing of mungbean in fallow after rice (Table 3). These increments in the 
microbial population in turn affect mineralization and immobilization of nutrients 
depending upon the environment. By adding legumes in the cropping system, the 

Treatments Microbial population (per g soil) Soil depth (cm)

Bacteria 
105

Actinomycetes 
104

Fungi 
104

Azotobacter 
102

PSB 
102

0–15 15–30

Rice-fallow 42 0.3 0.1 22 0.4 192.1 156.5

Rice-MB (SR) 105 1.2 0.8 87 3.5 200.5 155.5

Rice-MB (SI) 167 5.5 1.3 202 6.0 244.0 195.7

C D (P = 0.05) 40.5 1.25 0.72 25.8 0.9 35.58 21.24

Table 3. 
Soil microbial population as affected by legumes.

87

Organic Grain Legumes in India: Potential Production Strategies, Perspective, and Relevance
DOI: http://dx.doi.org/10.5772/intechopen.93077

microbial population of useful microbes increased up to 3 to 4 times as compared to 
non-legumes additions. Additional soil biological parameters, improved after long 
term inclusion of legumes in the cropping sequence/cropping system.

8. Limiting factors for low production

In addition to low productivity, growing population, devastating climate change, 
complexities of diseases and pests, the socio-economic situation of pulse producers, 
poor storage facilities, etc. They increase the deficit of legumes that are available in 
the water.

1. Area: The growth of legumes is poor in marginal areas with low resource condi-
tions is one of the main reasons for low pulse productivity. About 87% of the 
legume growing area in the country belongs to the rain cover system. The average 
rainfall of the main pulse producing states such as Madhya Pradesh (MP), Uttar 
Pradesh (UP), Gujarat and Maharastra is about 1000 mm and the variable coeffi-
cient of rainfall is 20–25%. Water stress is the most frequently cited reason for the 
poor harvest. Final drought and heat stress lead to forced maturity with low yields. 
The stress of drought can only reduce seed yield by 50% in the tropics. A leap in 
productivity can be achieved by applying life-saving irrigation, especially on Rabi 
legumes grown with remaining moisture. Two genes have been identified: “efl-
1” and “ppd” for early flowering and maturation to escape the stress of drought 
(ICCV-2 in South India). The actual irrigated area under legumes remains stagnant 
at 13% of the total area. The availability of suitable soil moisture for plant growth 
depends on rainfall, water holding capacity, and soil depth in rainy areas. In 
southern India, soil water holding capacity usually limits grain yield to 50% com-
pared to irrigation capacity. In contrast, in vertisol soil, the ability to retain water 
is larger, leading to a decrease in the growth rate of up to 5–20%. The increased 
amount of evaporation in southern India during the Rabi season leads to serious 
restrictions on the implementation of green beans during drought. Another major 
problem is soil salinity and alkalinity. High salinity and alkalinity in the semi-arid 
tropics and the Indo-Gangetic plains of the irrigated areas are of particular interest 
as most grain legumes are sensitive to salinity and alkalinity.

2. Pests and diseases: Among fusarium wilt diseases, associated with the root 
rot complex, perhaps the most common disease causes significant yield losses 
in mung beans (Table 4). Fusarium wilt, sterile mosaic as well as Phytophthora 
blight, yellow mosaic, Cercospora spp., and white rust on green and urban peas 
and rust also cause significant damage. 250 species of insects affect legumes in 
India. Of these, nearly a dozen cause significant damage to crops. On average, 
2–2.4 million tons of legumes worth about 6000 rupees are lost each year due to 
damage from a pest combination.

3. Problems with blue bulls: Favored by blue bulls, the area of legumes is trans-
ferred to other crops. Legumes are vulnerable to attack by the blue bull in the In-
do-Gangetic Plain. Due to the widespread threat, particularly in Uttar Pradesh, 
Bihar, Madhya Pradesh, Rajasthan and Chhattisgarh, farmers did not allow the 
possibility of in pulse production. There is no domestic feasible strategy to  
effectively combat the threat.

4. Unfavorable climatic conditions: Poor soil and agro-climatic conditions not 
only affect the legumes sowing time but also shorten the time of the growing 
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microbial population of useful microbes increased up to 3 to 4 times as compared to 
non-legumes additions. Additional soil biological parameters, improved after long 
term inclusion of legumes in the cropping sequence/cropping system.

8. Limiting factors for low production

In addition to low productivity, growing population, devastating climate change, 
complexities of diseases and pests, the socio-economic situation of pulse producers, 
poor storage facilities, etc. They increase the deficit of legumes that are available in 
the water.

1. Area: The growth of legumes is poor in marginal areas with low resource condi-
tions is one of the main reasons for low pulse productivity. About 87% of the 
legume growing area in the country belongs to the rain cover system. The average 
rainfall of the main pulse producing states such as Madhya Pradesh (MP), Uttar 
Pradesh (UP), Gujarat and Maharastra is about 1000 mm and the variable coeffi-
cient of rainfall is 20–25%. Water stress is the most frequently cited reason for the 
poor harvest. Final drought and heat stress lead to forced maturity with low yields. 
The stress of drought can only reduce seed yield by 50% in the tropics. A leap in 
productivity can be achieved by applying life-saving irrigation, especially on Rabi 
legumes grown with remaining moisture. Two genes have been identified: “efl-
1” and “ppd” for early flowering and maturation to escape the stress of drought 
(ICCV-2 in South India). The actual irrigated area under legumes remains stagnant 
at 13% of the total area. The availability of suitable soil moisture for plant growth 
depends on rainfall, water holding capacity, and soil depth in rainy areas. In 
southern India, soil water holding capacity usually limits grain yield to 50% com-
pared to irrigation capacity. In contrast, in vertisol soil, the ability to retain water 
is larger, leading to a decrease in the growth rate of up to 5–20%. The increased 
amount of evaporation in southern India during the Rabi season leads to serious 
restrictions on the implementation of green beans during drought. Another major 
problem is soil salinity and alkalinity. High salinity and alkalinity in the semi-arid 
tropics and the Indo-Gangetic plains of the irrigated areas are of particular interest 
as most grain legumes are sensitive to salinity and alkalinity.

2. Pests and diseases: Among fusarium wilt diseases, associated with the root 
rot complex, perhaps the most common disease causes significant yield losses 
in mung beans (Table 4). Fusarium wilt, sterile mosaic as well as Phytophthora 
blight, yellow mosaic, Cercospora spp., and white rust on green and urban peas 
and rust also cause significant damage. 250 species of insects affect legumes in 
India. Of these, nearly a dozen cause significant damage to crops. On average, 
2–2.4 million tons of legumes worth about 6000 rupees are lost each year due to 
damage from a pest combination.

3. Problems with blue bulls: Favored by blue bulls, the area of legumes is trans-
ferred to other crops. Legumes are vulnerable to attack by the blue bull in the In-
do-Gangetic Plain. Due to the widespread threat, particularly in Uttar Pradesh, 
Bihar, Madhya Pradesh, Rajasthan and Chhattisgarh, farmers did not allow the 
possibility of in pulse production. There is no domestic feasible strategy to  
effectively combat the threat.

4. Unfavorable climatic conditions: Poor soil and agro-climatic conditions not 
only affect the legumes sowing time but also shorten the time of the growing 
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season, but also have to deal with cold damage at the start of the period of the 
vegetative segment, freezing all biological activity for a long time. The sud-
den rise in temperature not only causes forced maturity but also causes many 
biological stresses, diseases, and insect pests [48]. Traditionally, the cultivation 
of the Rabi legume has been delayed until the last week of November and, under 
extreme circumstances, until the first half of December, for obvious reasons. 
However, the optimal time for lentils planting is the first half of October. How-
ever, some winter legumes, including lentils, are also grown in pairs in eastern 
India, making it easy to grow even before the rice is harvested.

5. Abnormal soil conditions: In general, legumes prefer neutral soil reactions and 
are very sensitive to acid, salt, and alkaline conditions and most legumes have 
phosphorus deficiency. Therefore, P requires significant attention in legume pro-
duction systems [49]. Indian soil, in particular, the soil in the northwest has a high 
pH unlike in the east and northeast, characterized by acid soils. Due to these soil 
conditions, micronutrient deficiency manifests itself in acute scarcity. An acute de-
ficiency of zinc, iron, boron, molybdenum, and secondary nutrients such as sulfur, 
especially in legumes also reduce the productivity in terms of quality and quantity.

6. Physiological constraints: Legumes (plants C-3) have low yield potential and 
form a group of physically inefficient plants compared to cereals (C-4 plants) 
such as rice, sorghum, and corn [50].

Crop Biotic stress Abiotic stress

Chickpea Weeds, Fusarium wilt, root rot, chickpea stunt, gray 
mold and pod-borer

Low temperature and nutrient 
stress

Pigeonpea Weeds, Fusarium wilt, mosaic and pod-borer complex Cold, terminal drought and 
waterlogging

Mungbean Mosaic virus, root and stem rot, stem Agromyza and 
sucking insect-pests stress

Pre-harvest sprouting and 
temperature

Lentil Fusarium wilt, root rot, and rust Moisture and temperature

*[52].

Table 5. 
Important abiotic and biotic stresses limiting the production of major legumes crops in India.

Crop Insect-pest Yield loss (%) Disease Yield loss 
(%)

Chickpea Fusarium wilt and 
Ascochyta blight

50–100 Pod-borer and 
cutworm

10–90

Pigeonpea Sterility mosaic virus 20–70 Pod-borer and leaf 70–80

Cowpea and 
mungbean

Yellow mosaic virus 10–100 Whitefly 20–25

Rust, wilt and Sclerotia 
blight

20–70 Pod-borer —

Field pea Powdery mildew 10–30 Stem and 
pod-borer

—

Source: Das  [44]; Pande et al. [45] and Satyagopal et al. [46, 47].

Table 4. 
Yield loss in major pulses as caused by weeds, diseases, and insect-pests.
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7. Legume marketing: The legumes market is fragmented due to the dispersion 
of production and consumption in all states. Farmers/village traders sell their 
market surplus immediately after harvesting due to storage losses of pests, 
while some large traders/wholesalers trade between large markets and stock in 
legumes to make a profit from speculative profits during the off-season. For this 
reason, farmers did not take advantage of the higher market prices for pulse 
[51].

8. Abiotic stress in terms of crops: Abiotic stress is mainly inevitable and the 
most damaging factor for the growth and productivity of legume crops, es-
pecially in non-irrigated areas (Table 5). The capacity to effectively tolerating 
this type of stress by the adoption of suitable strategies based on research trails. 
Fixation, absorption, and assimilation of nitrogen by legumes are reduced due 
to a reduction in hemoglobin in the nodules and the number of nodules under 
water stress conditions [53].

9. Recent developments and legume production policies

9.1 Livestock project

Application of biotechnology tools to create a genetic modification for biotic and 
abiotic stresses and develop varieties suitable for early maturation for late planting 
situations to escape final water stress and used in some crop systems [54].

9.2 Planting techniques on high beds

Planting on a tall bed is an effective agronomic intervention, especially in 
areas with heavy rainy season legumes like pigeon peas, chickpeas, and beans. In 
pigeon peas, the method of planting strips and beds also reduced the incidence 
of Phytophthora blight [55]. Besides, better drainage under growing plantations 
also reduces the risk of root and stem rot [56]. It helps with controlled irrigation 
in beds and saves irrigation water (up to 30%) and expensive inputs such as seeds 
and fertilizers [57]. An increase in the productivity of legumes such as pigeon pea, 
urdbean, and chickpea was also observed due to the nodding and better growth of 
culture on a large bed [58].

9.3 Agricultural conservation (CA)

Crops such as summer mung beans can be a sequential partner of crop systems in 
April–June because legumes have a “preservative” effect on soil nitrogen (N) com-
pared to non-bean crops and are beneficial for crops after crop. Pigeon-wheat and 
mung-bean systems have shown a clear advantage over wheat-wheat in conservation 
agriculture. No-tillage and retention of surface residues (tillage for soil conserva-
tion) improve the productivity of mung beans compared to conventional tillage 
practices [57]. Besides, legumes do not need to plow and retain crop residues that 
provide habitat for beneficial organisms by providing C substrate to heterotrophic 
microorganisms and increasing microbial activity and improve soil C and N [59].

9.4 Future outlook of organic grain legumes

The literature review presented here identifies that organic legume planting has 
great potential to promote soil sustainability and organic farming. Organic legumes’ 
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season, but also have to deal with cold damage at the start of the period of the 
vegetative segment, freezing all biological activity for a long time. The sud-
den rise in temperature not only causes forced maturity but also causes many 
biological stresses, diseases, and insect pests [48]. Traditionally, the cultivation 
of the Rabi legume has been delayed until the last week of November and, under 
extreme circumstances, until the first half of December, for obvious reasons. 
However, the optimal time for lentils planting is the first half of October. How-
ever, some winter legumes, including lentils, are also grown in pairs in eastern 
India, making it easy to grow even before the rice is harvested.

5. Abnormal soil conditions: In general, legumes prefer neutral soil reactions and 
are very sensitive to acid, salt, and alkaline conditions and most legumes have 
phosphorus deficiency. Therefore, P requires significant attention in legume pro-
duction systems [49]. Indian soil, in particular, the soil in the northwest has a high 
pH unlike in the east and northeast, characterized by acid soils. Due to these soil 
conditions, micronutrient deficiency manifests itself in acute scarcity. An acute de-
ficiency of zinc, iron, boron, molybdenum, and secondary nutrients such as sulfur, 
especially in legumes also reduce the productivity in terms of quality and quantity.

6. Physiological constraints: Legumes (plants C-3) have low yield potential and 
form a group of physically inefficient plants compared to cereals (C-4 plants) 
such as rice, sorghum, and corn [50].

Crop Biotic stress Abiotic stress

Chickpea Weeds, Fusarium wilt, root rot, chickpea stunt, gray 
mold and pod-borer

Low temperature and nutrient 
stress

Pigeonpea Weeds, Fusarium wilt, mosaic and pod-borer complex Cold, terminal drought and 
waterlogging

Mungbean Mosaic virus, root and stem rot, stem Agromyza and 
sucking insect-pests stress

Pre-harvest sprouting and 
temperature

Lentil Fusarium wilt, root rot, and rust Moisture and temperature

*[52].

Table 5. 
Important abiotic and biotic stresses limiting the production of major legumes crops in India.

Crop Insect-pest Yield loss (%) Disease Yield loss 
(%)

Chickpea Fusarium wilt and 
Ascochyta blight

50–100 Pod-borer and 
cutworm

10–90

Pigeonpea Sterility mosaic virus 20–70 Pod-borer and leaf 70–80

Cowpea and 
mungbean

Yellow mosaic virus 10–100 Whitefly 20–25

Rust, wilt and Sclerotia 
blight

20–70 Pod-borer —

Field pea Powdery mildew 10–30 Stem and 
pod-borer

—

Source: Das  [44]; Pande et al. [45] and Satyagopal et al. [46, 47].

Table 4. 
Yield loss in major pulses as caused by weeds, diseases, and insect-pests.
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7. Legume marketing: The legumes market is fragmented due to the dispersion 
of production and consumption in all states. Farmers/village traders sell their 
market surplus immediately after harvesting due to storage losses of pests, 
while some large traders/wholesalers trade between large markets and stock in 
legumes to make a profit from speculative profits during the off-season. For this 
reason, farmers did not take advantage of the higher market prices for pulse 
[51].

8. Abiotic stress in terms of crops: Abiotic stress is mainly inevitable and the 
most damaging factor for the growth and productivity of legume crops, es-
pecially in non-irrigated areas (Table 5). The capacity to effectively tolerating 
this type of stress by the adoption of suitable strategies based on research trails. 
Fixation, absorption, and assimilation of nitrogen by legumes are reduced due 
to a reduction in hemoglobin in the nodules and the number of nodules under 
water stress conditions [53].

9. Recent developments and legume production policies

9.1 Livestock project

Application of biotechnology tools to create a genetic modification for biotic and 
abiotic stresses and develop varieties suitable for early maturation for late planting 
situations to escape final water stress and used in some crop systems [54].

9.2 Planting techniques on high beds

Planting on a tall bed is an effective agronomic intervention, especially in 
areas with heavy rainy season legumes like pigeon peas, chickpeas, and beans. In 
pigeon peas, the method of planting strips and beds also reduced the incidence 
of Phytophthora blight [55]. Besides, better drainage under growing plantations 
also reduces the risk of root and stem rot [56]. It helps with controlled irrigation 
in beds and saves irrigation water (up to 30%) and expensive inputs such as seeds 
and fertilizers [57]. An increase in the productivity of legumes such as pigeon pea, 
urdbean, and chickpea was also observed due to the nodding and better growth of 
culture on a large bed [58].

9.3 Agricultural conservation (CA)

Crops such as summer mung beans can be a sequential partner of crop systems in 
April–June because legumes have a “preservative” effect on soil nitrogen (N) com-
pared to non-bean crops and are beneficial for crops after crop. Pigeon-wheat and 
mung-bean systems have shown a clear advantage over wheat-wheat in conservation 
agriculture. No-tillage and retention of surface residues (tillage for soil conserva-
tion) improve the productivity of mung beans compared to conventional tillage 
practices [57]. Besides, legumes do not need to plow and retain crop residues that 
provide habitat for beneficial organisms by providing C substrate to heterotrophic 
microorganisms and increasing microbial activity and improve soil C and N [59].

9.4 Future outlook of organic grain legumes

The literature review presented here identifies that organic legume planting has 
great potential to promote soil sustainability and organic farming. Organic legumes’ 



Legume Crops - Prospects, Production and Uses

90

ability to improve soil properties (e.g. physical, chemical, and biological) makes 
them necessary to achieve sustainability goals. Given the immense promise of 
legumes as a soil amendment, the uncertainties described above must be handled 
objectively. There is an urgent need to understand the future needs and role of 
organic legumes in soil sustainability and food security and nutrition.

10. Conclusion

In the modern world, the demand for organic products is increased day by day in 
such products organic legume had also a great importance. In major organic farms, 
the adaptability of organic legumes is less as compared to other crops; even they had 
the capability to acts as a biological nitrogen fixer and act as green manure to other 
organic crops. There are a lot of abiotic and biotic factors that will adversely affect 
the productivity and yield of organic legumes. But these stress factors will be com-
pressed by the adoption of suitable techniques on organic farms. This aside, proper 
market facilities, minimum support prices, and bridgeable gaps reduction and 
post-harvest management are important for adoption of organic farming in grain 
legumes and special subsidies in the form of monetary and non-monetary input 
along with crop insurance can help the farmers to adopt organic legume production 
without any hesitation.
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Chapter 6

Sustainable Production of Pulses 
under Saline Lands in India
Anita Mann, Ashwani Kumar, Satish Kumar Sanwal  
and Parbodh Chander Sharma

Abstract

The decreasing agricultural lands along with waste lands and poor water 
resources are the main constraints for sustainable agricultural production. The 
need of time is to produce maximum with minimum inputs. Depleting levels of 
major and micro-nutrients in Indian soils have been on the rise, and situation may 
be more harmful if corrective measures are not followed in time. The soil nutrient 
deficiencies significantly reduce the crop yields in addition to the soil fertility. In 
preview of this, the need of the hour is to conserve agricultural sustainability, soil 
health enhancement, and water management. Farmers are forced to use saline water 
for irrigation in areas with poor quality water or less available water for irrigation, 
specifically in arid or semi-arid regions. Every crop plants have threshold limit of 
tolerance beyond which salinity decreases the crop yield. Legumes are very sensitive 
crops towards soil salinity, and secondary salinization mainly through irrigation 
water is the hardest challenge for survival of legume crops in arid regions. In view 
of this, the sustainability of legumes in salt affected areas is a big challenge for crop 
productivity being sessile to salinity. Hence, the possible strategies for sustainability 
of salt sensitive legumes have been briefly reviewed in this chapter.

Keywords: soil salinity, pulses, abiotic stress, tolerance, sustainability

1. Introduction

Pulses are one of the food crops that address the challenge of global food 
security and climate changes, as well as contribute to healthy diets. In recognition 
of the importance of pulses for human well-being, year 2016 was declared as the 
International Year of Pulses by the UN General Assembly. Pulses are a subgroup 
of legumes belonging to Leguminosae family and its seeds are edible FAO [1]. 
All legumes are sometimes not categorized as pulses e.g., oil producing soybean 
(Glycine max [L.] Merr.) does not come under pulses but grouped as oil-seed 
crop. Similarly, some other legumes which are consumed as green vegetables e.g., 
Medicago sativa L. are also excluded from pulses. Pulses can be defined as protein 
rich plants that contribute to healthy diet for people across the globe. Nutritionally, 
pulses are rich source of dietary fiber, minerals and vitamins with low levels of 
cholesterol and fat. The protein content in pulses is more than double in comparison 
to cereals and hence are the important source for nutritional and balanced diet 
for humans. Pulses are included in all “food baskets” and dietary guidelines. The 
World Food Program (WFP), for instance, includes 60 g of pulses in its typical 
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food basket, alongside cereals, oils and sugar and salt. India is the largest producer 
of pulses in the world, with 25% share in the global production. In India, mainly 
mung bean or green gram (Vigna radiata), chickpea or Bengal gram (Cicer ari-
etinum), urad bean or black gram (Vigna mungo), moth bean (Vigna aconitifolia), 
pigeonpea or red gram (Cajanus cajan), lablab bean (Lablab purpureus), broad bean 
or faba bean (Vicia faba), horse gram (Dolichos uniflorus), lentil (Lens culinaris), 
pea (Pisum sativum var. arvense), grass pea or khesari (Lathyrus sativus), cowpea 
(Vigna unguiculata) etc. are grown as pulses. Generally, two growing seasons are 
available for pulses kharif and rabi. Rabi season legumes chickpea, lentil, and dry 
peas are the cool, dry season pulses grown during October–April while pigeonpea, 
urad bean, mung bean, and cowpea are grown preferably during the warmer, rainy 
season or kharif from June to October [2, 3]. The global legume/pulse production, 
area and yield during 2013 was ~73 million tons (MT), ~80.8 million ha (M ha) and 
~904 kg ha-1respectively [4]. Further, Africa and Asia together contribute ~49 MT, 
i.e., 67% of the global pulse production. In India, production of pulses is around 
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The Legume family consists of important food grain, oilseed, forage, and agro 
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Some of the earliest domesticated legumes include: lentil ~9000 years [6], beans 
and soybean (~3000 year) [7, 8]. Legumes include ~750 genera and ~18,000 species 
[9, 10]. Legumes form an important part of human daily diet especially in several 
developing and some developed countries and therefore sometimes legumes are 
considered as poor man’s meat. Pulses contain various amino acids and also have 
medicinal properties and hence, are consumed as Dal, the easily available source of 
protein. In addition to the nutrient rich seed/grain, plant parts like leaves, pod coats 
etc. are used as animal fodder e.g., moong bean, lobia, urad bean and gram. These 
plants are also used as green organic manure to maintain soil health and fertility.

Legumes are under explored crops in comparison to staple cereal crops like 
wheat, rice and maize and hence are prioritized over pulses in most of the crop 
improvement programs. In addition to that pulses being sensitive to biotic and 
abiotic stresses, farmers have reduced their cultivating due to low yield potentials. 
Hence, keeping these facts in view, it is required to pay more attention for sustain-
able production of pulses in arid and semi-arid regions.

India will face intense pressure on its land and water resources in agriculture 
because of diversion of resources to domestic, industrial and other sectors of 
economy and the likely degradation of these resources, having to feed 1.6 billion 
people by 2050. Ever increasing demand for good quality land and water resources 
in the domestic and industrial sectors has already generated enhanced interest in 
the utilization of salt affected soils. While salt affected soils currently constitute 
6.74 M ha in different agro-ecological regions, the area is likely to increase to 16.2 M 
ha by 2050. Thus, salt affected soils represent an opportunity that can be exploited 
to increase agricultural production and productivity to ensure national food and 
nutritional security. The distribution of salt affected soils occurs mostly in arid and 
semi-arid regions although such soils may exist in every climatic region including 
a good area of irrigated lands. In addition, the coastal salinity is another big chal-
lenge. Hence, the diversity of soil properties in different agro-climatic conditions 
requires different approaches to reclaim and maintain the soil properties.

The dynamics in the global pulses sector are ever changing and keeping pace with 
them is much like running on a treadmill. For the past few decades, India has been 
trying its best to make pulses more and more accessible to its citizens given the rapid 
drop over the previous few decades. On the other side, there is increased interest in 
vegetarianism, healthier diets, apart from falling real incomes following slowing 
economies and the relative lower cost of protein through pulses, all of which increase 
demand in countries like US and China. There is an increased “return to traditional 
foods” in African countries like Egypt and Morocco that are adding to the demand 
mainly import demand. From 2005 when Spain was the second largest importer, fol-
lowed by Italy and Mexico, in 2012, the profile of importing countries had moved to 
China, Pakistan, Bangladesh, Egypt and then Spain. The cheaper access to proteins 
that pulses provide is clearly important in this age of tough economies.

Pulses import basket now has mainly dry peas resembling palm oil in edible oils. 
Yet the record domestic chana production and 40% correction in chana price have 
not been able to compete with peas. Similar is with Pigeon Peas. India traditionally 
imported dry peas mainly from Canada, but now cheaper imports from Russia, 
Ukraine and France are also keeping the prices under pressure making it difficult to 
keep Chana and Pigeon peas competitive. None of the steps taken in the recent years 
seem to have paid off in terms of better farmer remuneration, or better availability 
and better prices for consumers. The only real solution to this problem is increasing 
domestic production to the extent that over 90–95% of the demand is met internally 
and the imports are supplemental to ensure prices are not volatile. It requires poli-
cies that encourage better technologies, better quality, better post-harvest manage-
ment and better distribution of the pulses.
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In the current season chana, moong, tur and urad have all seen production 
increase with increases in acreages and excellent weather. This may be a good oppor-
tunity to also open exports and see if farmer incomes and long term acreages increase 
with these measures as against the known vicious cycle of acreages decreasing after 
a season of good production following the crash in prices led precisely by the high 
production. It may take a few years for the prices to settle and farmers to become 
globally integrated, but the time has indeed come to take this leap of faith [12].

2. Mode of formation of saline soils

A big monetary loss created due to soil salinity in India. About 175 M ha (53%) 
land is degraded by various means from a total of 329 M ha of land in the country. 
Ministry of Agriculture, GOI stated that 7.61 M ha of land is salt affected in India 
which ranges from 8.56 M ha to 10.9 M ha. Majorily saline—alkali and water-
logging problems occur in Gujarat, Andhra Pradesh, parts of Punjab, Haryana, 
Rajasthan, Maharashtra, Karnataka, Uttar Pradesh, Madhya Pradesh, and Tamil 
Nadu (Table 1). Total salt affected soils in India are 1,710,673 ha with maximum in 
Gujarat followed by Rajasthan (Figure 2) while Coastal saline soils are 1,246,136 ha 
with maximum in Gujarat followed by West Bengal and Orissa.

Thus briefly following reasons can be assigned for salinization of the soils:

• Non-systematic irrigation with more than required irrigation cycles

• Evapotranspiration in arid conditions leads to accumulation of salts in the top 
layer

Sr. no. State Saline soil 
(ha)

Alkali soil 
(ha)

Coastal saline soil 
(ha)

Total  
(ha)

1 Andhra Pradesh 0 196,609 77,598 274,207

2 A & N islands 0 0 77,000 77,000

3 Bihar 47,301 105,852 0 153,153

4 Gujarat 1,218,255 541,430 462,315 2,222,000

5 Haryana 49,157 183,399 0 232,556

6 J & K 0 17,500 0 17,500

7 Karnataka 1307 148,136 586 150,029

8 Kerala 0 0 20,000 20,000

9 Maharashtra 177,093 422,670 6996 606,759

10 Madhya 
Pradesh

0 139,720 0 139,720

11 Orissa 0 0 147,138 147,138

12 Punjab 0 151,717 0 151,717

13 Rajasthan 19,557 179,371 0 374,942

14 Tamil Nadu 0 354,784 13,231 368,015

15 Uttar Pradesh 21,989 1,346,971 0 1,368,960

16 West Bengal 0 0 441,272 441,227

Total 1,710,673 3,788,159 1,246,136 6,744,968

Table 1. 
Extent and distribution of salt affected soils in India.
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• Seepage in perennial river basins/irrigation sources causes water logging 
conditions

• Heavy use of chemical fertilizers containing chlorides, sulfates etc.

• Poor drainage conditions.

i. Use of saline groundwater: the areas where no other source of water is avail-
able, irrigation with highly saline groundwater leads to accumulation of salts 
in plant root surrounding environment. This problem is more prone in soils 
with poor drainage.

ii. Saline seeps is a major problem in areas with change in land use pattern, 
when natural forests are being used for cropping system or following a 

Figure 2. 
Distribution of salt affected soils in India.
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fallow season in green lands or some change in farming system. This prob-
lem mainly found in Australia, North America and some other countries. 
The impermeable horizontal layers intercept the percolating water passing 
through saline sediments and then transport laterally to landscape depres-
sions which brings about soil salinization [13].

iii. Other important sources for creating salinity are sea tidal waves, transport 
of salt sprays through wind or underground aquifers. Another procedure of 
salinization includes exchange of soluble salts between sea and land through 
marine sediments uplifting on earth’s surface. In arid or semi-arid regions, 
the lowest level of rainfall equal to evapotranspiration also brings saliniza-
tion by accumulation of salts in the root zone of plants.

iv. Generally soluble salts move from higher levels to lower levels and this local-
ized movement of salts also builds a significant level of salinity. Salts from 
moist to dry and watered fields to adjacent dry fields create salinity. The 
industrial/commercial developmental activities like laying of roads or rail 
tracks also create salinization specifically in areas where natural drainage is 
restricted due to these activities.

In rainfed areas, management of unirrigated lands is a major problem specifi-
cally when cropping is done in such fields. Dryland salinity is a worldwide threat 
to available cultivable land and water resources in countries including. Great Plains 
region of North America, Iran, Afghanistan, India, western Australia, Thailand and 
Canada and South Africa and probably some other countries. Such dryland saline 
spots are most commonly known as saline seeps, occurring frequently from mar-
ginal saline to extreme saline lands without any cultivation.

3. Management of saline soils

There are two major approaches to improving and sustaining productivity in a 
saline environment-either modifying the environment to suit the plant or modify-
ing the plant to suit the environment [14]. The farmers very well know the adverse 
effects of soil salinity in terms of reduced plant growth and yields. Since the saline 
area is increasing day by day, the farmers are shifting to various other alternates like 
change of cropping pattern, green manuring, dairying etc. along with use of open 
drainages and mulching. Although it is difficult to manage saline soils through any 
chemical amendment, the only precautionary method is to use good quality water 
and grow salt tolerant varieties of crops.

The consideration of various studies on soil salinity have led to only a single 
observation for timely implementation of corrective measures to stop further 
salinization and conversion of fertile soils to waste lands. This approach cannot 
be achieved by a single adaptation, it needs to be a cumulative effort to spread the 
awareness about soil sustainability and enhanced crop production. In the coming 
time the concept of soil management and sustainability should be the one of the 
important issue to be taken care of or we have to bear the low crop productivity 
(www.nabard.org).

4. Crops and saline soils

Most crops do not grow well on soils that contain salts. Homeostasis of ions is 
disturbed in the cell due to high salt concentration in the rhizosphere, thereby, 
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creating water deficit under salt stress conditions. This leads to abbreviations in 
structure and function of various proteins. Under such circumstances, a signaling 
pathway is activated in the cell to synthesize the metabolites, proteins or enzymes 
involved directly in scavenging free radicals and maintaining the ionic flux through 
osmoregulation. Detoxification of free radicals is an important defense mechanism 
under salt stress. Pulses in general are the most salt sensitive crops. One reason 
is that salt causes a reduction in the rate and amount of water that the plant roots 
can take up from the soil. In legumes, salt stress imposes a significant limitation of 
productivity related to the adverse effects on the growth of the host plant, the root-
nodule bacteria, symbiotic development and finally the nitrogen fixation capacity. 
Also, some salts are toxic to plants when present in high concentration. Some 
legumes plants are more tolerant to a high salt concentration than others e.g., lentils 
are more tolerant than soybean and chickpea. Recently, few salt tolerant chickpea 
lines have been identified for survival at early seedling stage in saline soils with EC 
of irrigation water from 3 to 12 dS/m [15]. Earlier, pea genotypes have been catego-
rized as sensitive, moderately tolerant or tolerant to salinity based on physiological 
and biochemical expressions of salt tolerance [16].

5. Pulses and sustainability

The most potential technologies in pulse production include improved crop 
establishment and management practices, integrated soil fertility and pest manage-
ment practices, etc., which enhance not only the productivity and profitability but 
also warrant environmental and social sustainability besides nutritional security 
[17]. Role of pulses in maintaining sustainability is very wide since pulses are an 
important component of crop rotations, requiring very less fertilizers than other 
crops. Legumes are beneficial part of the rotational crops to maintain soil fertility.

Good soil management practices for crop rotation also includes pulses with 
different crops like wheat, barley, oats, oilseeds such as canola, flax, sunflowers, 
etc. The nitrogen fixing ability of pulses enriches the soil quality and fertility and 
hence leading to enhanced productivity in subsequent crop rotations. Soil health 
in also improved through pulses as they feed soil microbes. Even the crop residue 
of pulses contains different amino acids and bio-chemicals than non-legumes. This 
diversity in soil composition provides better protection against disease-causing 
microbes and thus helps crops to thrive under adverse conditions. The number and 
diversity of soil microbes is markedly increased with intercropping of pulses [17, 
18]. An environment of ‘live’ soil with diversity of soil micro-organisms is consid-
ered best for crops because these micro-organisms enhance the nutrient uptake rate 
and efficiency in different soils. Additionally, the abundance of diverse soil micro-
organisms ‘crowd out’ the disease-causing bacteria and fungi, and thus protects 
the plants.

Pulses are considered as low carbon footprint crops since they use half energy 
inputs than other crops. Soil bacteria are utilized for nitrogen fixation from air 
which replaces additional requirement of nitrogen fertilizers in pulse crops. 
Nitrogen enriches the soil in different forms like fertilizer, manure or crop residue, 
then most part of it is converted into a powerful greenhouse gas, nitrous oxide. 
Globally, nitrous oxide represents around 46% of the greenhouse gas emissions 
from agriculture and is almost 300 times more potent than carbon dioxide (CO2) 
[19]. As nitrogen fertilizers are related directly with greenhouse gas emissions 
therefore, pulses have lower carbon footprint than other crops due to their nitrogen-
fixing ability. Nitrogen is manufactured from natural gas and is the most needed 
fertilizer in crop production. The unique feature of pulses is that they take nitrogen 
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organisms ‘crowd out’ the disease-causing bacteria and fungi, and thus protects 
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from the air directly and fix at their own, hence, application of nitrogen as fertilizer 
in pulses is minimal in comparison to other crops.

The nitrogen fixation property of pulses reduces the footprint of other crops 
in the soil adding to the food production cycle. In a study on durum wheat, it was 
found that carbon footprint was reduced by 17% in durum wheat when preceded 
by chickpeas or lentils, nitrogen-fixing crops, than preceded by a cereal crops. The 
impact of pulse-pulse intercropping with wheat system was much stronger than 
traditional cereal-cereal-durum rotation by reducing the carbon footprint of durum 
wheat up to 34%.

The water requirement of pulses is also very less i.e., 1/2 to 1/10 of water in 
comparison to other protein rich crops [20]. Few pulses are well adapted to dry 
climates and hence can be produced better under dry/drought conditions, e.g., peas 
and lentils roots absorb less water from a lower depth. The water available in deep 
soil is, in this way, used by next crop, thereby increasing the water use efficiency of 
the entire cropping system.

6. Role of legumes in improving soil quality

Legumes have long been recognized and valued as “soil building” crops. 
Growing legumes improves soil quality through their beneficial effects on soil bio-
logical, chemical and physical conditions. When properly managed, legumes will:

• Enrich the soil N power with increased reserved organic matter

• Enhance soil biological activity with improved soil structure

• Increase soil aeration with reduced soil erosion

• Improve water-holding capacity of soil

These improvement factors depend on legume type, remaining plant residue left 
over in soil along with environmental conditions.

The legumes crops that are capable of fixing large amounts of nitrogen under 
good moisture conditions, can significantly improve the nitrogen supply for suc-
ceeding crops when grown annually. Annual grain legumes are normally grown 
for grain production along with green manure crops. The selection of legume type 
and variety mainly depends on minimum support price of the crop, including the 
climatic adaptability to that particular area (e.g., few varieties of chickpea and 
lentil are more drought-tolerant than faba bean and pea), adaphic factors, disease 
tolerance, etc. The effect of perennial forage legumes on soil quality is generally to 
greater extent and for longer duration than of annual pulse crops. The root struc-
ture and growth habit generally determines the amounts of nitrogen fixed by grain 
legumes and the shallow roots of pulses with short growth cycle become a limitation 
for their influence on soil physical conditions. However, during the growth of grain 
legumes, considerable amounts of nitrogen are leaked from roots into the soil. Also, 
the residues from these crops have a higher nitrogen content than cereal straw and 
they break down more readily, releasing nitrogen into the soil. Thus, cereal crops 
that follow grain legumes require less N fertilizer.

Biennial forage legumes e.g., sweet clover, yellow-flowered type is preferred by 
farmers. It is more drought-tolerant, shorter, and finer stemmed and leaved. These 
characteristics make it a more palatable livestock feed and easier to incorporate 
as green manure. Sweet clover is one of the most suitable crops for use as a green 
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manure. This helps in recovery of soil moisture reserves and residue decomposition 
during the partial fallow period. Sweet clover is very well suitable on moderately 
saline soils or soils that have poor structure due to very low levels of organic matter. 
An experiment on wheat with sweet clover green manure in rotation for 3 years 
at Indian thin black soils yielded significantly more than with crop rotations with 
fertilized crops or fellow lands [21, 22]. Although unfertilized green manure-wheat-
wheat rotation also yielded highest during the initial years of this study.

Perennial forage legumes also add humus and soil nutrients in addition to fixing 
nitrogen. Again, the selection of perennial legume depends mostly on the useful-
ness of crop and soil type.

Alfalfa is a well-known legume tolerant to drought, moderate salinity, winter 
hardy along with high yields which is widely grown over diverse range of adaphic 
conditions. Neutral to slightly alkaline soils favor the production and persistence of 
alfalfa but acidic soils (pH less than 6.0) limit the production severely. The drought 
tolerance of alfalfa is due to deep root system and hence it grows best on well-
drained soils. It cannot grow well on soils with poor drainage and hence is flooding 
intolerant.

Red clover, a perennial legume, has growth cycle shorter than alfalfa and there-
fore included in short duration intercropping system. Since, it is well adapted to 
diverse soil types, it is grown mostly for seed and feed in the moist areas. Red clover 
is sensitive towards salinity or drought but tolerance level to acidic soils is more than 
alfalfa.

Forage legumes have deep root system and longer growth period thus have 
greater capacity for nitrogen fixation and hence improve soil quality more effec-
tively. Biennial and perennial forage legumes add more nitrogen and organic 
matter in second year after under seeding in cereals in wet areas. Regular green 
manuring with forage legumes on degraded soils with typically low organic 
matter contents, adds more nitrogen and organic matter to the soil. It was found 
that yield of 12 successive wheat crops increased significantly than a non-legume 
system on a Gray soil in Northern Alberta. The reason may be addition of nutri-
ents and nitrogen to soil from the deep-rooted legume improved soil quality. The 
benefit of using forage legumes as green manure enriched soil organic matter with 
nitrogen and readily decomposable plant residue. This also enhances the produc-
tion of soil microbes and thus, fastens the nutrients availability. It was found [23] 
that deep-rooted perennial legumes take up phosphorus from the subsoil although 
available phosphorus is mostly found in the 0–6 inch depth and not below than 
2-foot depth. Thus, green manuring with these legumes increases availability of 
soil nutrients.

In an experiment at Saskatchewan, it was observed that tillage was easier with 
lower power requirements on soils following a perennial legume crop than after 
cereal grains. The reason may be improved soil structure with more porosity due to 
readily decomposable soil organic matter leftover by legumes. As a result, the water 
holding capacity of soil is increased and it becomes more friable and less erosive 
and easier to till.

Forage legumes also have the tendency to reduce salinity problems. Alfalfa uses 
excessive water through its deep roots and thus deep penetration of roots improves 
the internal soil drainage. A study at Outlook with irrigated alfalfa plowed-down 
in late fall or early spring indicated that the following cereal crop required little 
nitrogen fertilizer, while the second cereal required two-thirds of its usual amount 
(Henry, University of Saskatchewan, Saskatoon).

In view of above facts, key insights and findings from the literature and case 
studies across the three pillars of sustainability, environmental, social and economic 
impacts of pulses are summarized below.
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Alfalfa is a well-known legume tolerant to drought, moderate salinity, winter 
hardy along with high yields which is widely grown over diverse range of adaphic 
conditions. Neutral to slightly alkaline soils favor the production and persistence of 
alfalfa but acidic soils (pH less than 6.0) limit the production severely. The drought 
tolerance of alfalfa is due to deep root system and hence it grows best on well-
drained soils. It cannot grow well on soils with poor drainage and hence is flooding 
intolerant.

Red clover, a perennial legume, has growth cycle shorter than alfalfa and there-
fore included in short duration intercropping system. Since, it is well adapted to 
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greater capacity for nitrogen fixation and hence improve soil quality more effec-
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available phosphorus is mostly found in the 0–6 inch depth and not below than 
2-foot depth. Thus, green manuring with these legumes increases availability of 
soil nutrients.

In an experiment at Saskatchewan, it was observed that tillage was easier with 
lower power requirements on soils following a perennial legume crop than after 
cereal grains. The reason may be improved soil structure with more porosity due to 
readily decomposable soil organic matter leftover by legumes. As a result, the water 
holding capacity of soil is increased and it becomes more friable and less erosive 
and easier to till.

Forage legumes also have the tendency to reduce salinity problems. Alfalfa uses 
excessive water through its deep roots and thus deep penetration of roots improves 
the internal soil drainage. A study at Outlook with irrigated alfalfa plowed-down 
in late fall or early spring indicated that the following cereal crop required little 
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7. Environmental impacts

Nitrogen fixation: the unique role of pulses in the global nitrogen cycle is due 
to their property of fixing atmospheric nitrogen in soils. The intercropping of 
pulses with traditional crops reduces fertilizer requirements of soil in subsequent 
crop cycles by actively fixing nitrogen in the soil. The leftover nitrogen in the soil 
also increases the productivity in subsequent crops. Hence, the benefit of pulses 
observed in different cropping systems to enhance the soil properties and crop 
productivity is a matter of an ever-evolving science.

The changing patterns in traditional planting methods of maize and bean affect 
the nitrogen balance in cropping systems in Sub-Saharan Africa. It was found that, 
intercropping of cowpea with maize and groundnut enhanced the nitrogen ben-
efits. Also, modified strip-cropping of cowpea and sorghum altered to traditional 
farming practices prevented the nutrient losses in the dry savannahs of Nigeria and 
Niger. The environmental benefits of pulses are prominent in terms of their nitro-
gen fixation abilities, reduction in fertilizer nitrogen requirements and nutritional 
enrichment (protein content) of succeeding cereal crop strong. Related benefits of 
the reduced synthetic nitrogen fertilizers requirements in cropping systems, when 
pulses are added in rotations, include the reduced emissions and energy use associ-
ated with the production, use and disposal of fertilizers.

In the twentieth century, the negative effects of human impacts on the global 
nitrogen cycle are mainly due to increased and imbalanced fertilizer use and fossil 
fuel combustion causing severe water pollution and high emissions of N2O. It has 
been observed that nitrogen fertilizer use has increased by roughly 800% from 1960 
to 2000, which is almost half of that being used for wheat, rice, and maize produc-
tion [24]. Synthetic fertilizers provided close to half of all the nutrients received by 
crops globally during the mid-1990s, demonstrating both a large dependency on 
synthetic fertilizers, but also inefficient management of nitrogen in global agricul-
ture [25]. Cereal crops such as wheat, rice and maize typically only utilize 40% of 
fertilizer applied, leading to significant waste and environmental impacts such as 
eutrophication of coastal waters and creation of hypoxic zones [24].

It was observed that field pea, lupin or faba bean fulfilled about 70% of nitrogen 
requirements from atmospheric nitrogen with an average of 19 kg of nitrogen fixed 
per ton of pulse shoot dry matter during 2001–2013. The study was conducted 
across the geographic range of southern and central New South Wales, Mallee and 
Wimmera in Victoria, and the high rainfall zone of south-eastern South Australia 
[26]. The two most important interventions to decrease nitrogen requirement are 
systematic crop rotation including pulses/legumes into maize-based systems and 
optimizing the timing of application with balanced amounts of fertilizer [24]. 
Biological nitrogen fixation is a crucial alternative source of nitrogen, and can be 
enhanced along with other integrated nutrient management strategies such as 
animal manure and other biosolids, and recycling the nutrients contained in crop 
residues [27].

Conservation tillage: changes in tillage practices have had a significant effect 
on shifting conventional cereal-based cropping systems to more diversified crop 
rotations that utilize pulses or oilseeds and that result in less soil disturbance. 
Long-standing patterns of monoculture cereal cropping resulted in pest and disease 
outbreaks and erosion, and fallowing led to increased soil salinity and loss of soil 
nitrogen and water. The nitrogen fixation capability of pulses is the greatest envi-
ronmental benefit into cereal-fallow rotations thereby reducing fertilizer nitrogen 
requirements in the current and succeeding crop along with improved soil capacity 
to supply nitrogen. Farmers in Saskatchewan changed the tillage requirements by 
managing herbicide practices leading to reduced rates of applications.
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Changes in tillage practices have been an important part of shifts from conven-
tional cropping systems, based on grain production, to more diversified crop rota-
tions utilizing pulses or oilseeds. Importantly, implementing conservation tillage 
practices has often involved introduction of pulses and oilseeds into grain-based 
crop rotations. Many studies have demonstrated the nitrogen fixation benefits of 
conservation- or no-tillage, with pulse and oilseed bean nodulation improving 
after multiple years of no-till and nitrogen fixation rates increasing (moderated by 
changes in rainfall patterns) [28].

Productivity vs. area expansions: Addition of pulses into different crop rotations 
increases the efficiency of any production system and hence increases the overall 
crop yields by reducing the need of expanded production area.

In Sub-Saharan Africa to improve the production rate for accomplishment of 
the food and feed demands is very crucial as maximum pulse production, although 
relatively low, occurs in rainfed areas with minimal inputs. It is estimated that the 
requirement of pulses (mainly cowpeas and beans) is expected to increase up to 
155% till 2050. However, there are some examples which indicate enhanced pro-
duction rates i.e., the yield of cowpea is increased at a greater proportion than the 
hectares planted in Ghana. This reflects the efficiency of production system due to 
supply of better quality seeds and improved varieties, cost-effectiveness for farm-
ers, increased demands for better markets.

Climate change mitigation and adaptation: In crop rotation system, due to lower 
fertilizer requirement, pulses can aid in lowering GHG emissions. In Western 
Canadian cropping systems, about 70% of non-renewable energy used is due to 
nitrogen fertilizers specifically. SK, research at Swift Current, evaluated net GHG 
emission in four cropping systems (fallow-wheat-wheat, fallow-flax-wheat, lentil-
wheat and continuous wheat). They observed the lentil-wheat system as the most 
efficient in GHG emissions due to the lower requirement of nitrogen fertilizer by 
wheat. In addition, increased nitrogen availability results into enhanced biomass 
production.

8. Social impacts

Nutrition and disease: the food consumption per capita may decline in devel-
oped countries by 2024, but in developing countries the demand will increase pri-
marily based on increase in protein consumption. Globally, the contents of human 
diet shifted to more energy-dense foods containing highly saturated fats which are 
very risky for developing obesity, diet-related diseases like diabetes, coronary heart 
disease and cancer, etc. Along with the fruits and vegetables, pulses and legumes 
are important diet rich in micronutrients for healthy choices. Pulses help to control 
cardiovascular disease, increasing gut health and healthy nutrition. The global 
consumption level of pulses is declining, specifically in developing countries e.g., 
in 1963 pulse consumption in China was 30 g per capita per day which declined 
significantly to only 3 g per capita by 2003 [29].

The total caloric consumption is expected to increase at global level. The rate of 
food consumption in developed countries is in stagnant growth whereas it is signifi-
cantly increasing in developing countries, as indicted by OECD/FAO Agricultural 
Outlook to 2024, reflecting increase in protein consumption. The rate of consump-
tion of cereals is expected to increase about 390 Mt by 2024, which suggest that 
cereals will remain most consumed agricultural product [30]. India provides a 
counterpoint to China, as pulses there provide an increasing source of protein, now 
accounting for almost 13% of overall protein intake [31]. India is the largest pulse 
producer and consumer, and the country grows the largest varieties of pulses in 
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the world, accounting for about 32% of the area and 26% of world production. The 
increased pulse crop yield from 0.63 t/ha in 2007–2008 to 0.79 t/ha in 2012–2013 is 
a measure of efficient production system. Along-with this, the annual yield growth 
is likely to overtake in production area. However, the production of pulses in India 
is still below the global average as the Indian needs for the pulses are increasing, 
causing more import, which is expected to grow about 5.1 Mt by 2023 [31].

Nutrition and food security: food security may be best defined as: “a situation 
comprising of all people always having access to safe, sufficient and nutritious food 
fulfilling their all food preferences and dietary needs to run a normal, active and 
healthy life in all good physical, social and economic environment [32]. Pulses add 
minerals, vitamin B, proteins as well as essential amino acid like lysine to cereals 
making it protein-rich. A number of new methods, in manufacturing food products, 
are being used now days to increase production and use of pulse protein fractions.

Gender: gender aspect of pulse production relates primarily to women’s involve-
ment in pulse production commercially, to feed families, and to benefit from 
income derived from pulse sales.

9. Economic impacts

Reduced reliance on fossil fuels and lower fuel costs: Pulses and oilseeds are 
commonly used in crop rotations where conservation of tillage practices has been 
adopted. By adopting no-till practices, the farmers are expected to see the long-
standing economic benefits in terms of lesser degradation of soil, air and water with 
reduced consumption of fossil fuels.

10. Economic challenges for pulses in India

India is the largest consumer of pulses, but government subsidies and price 
controls in the agricultural sector created distortions that affected domestic produc-
tion. In 1990s, government removed the import restrictions and lowered the tariffs 
on agricultural products which resulted into reversal of protectionist policies of 1970s 
and 1980s. The external trade in all major crops was regulated except basmati rice 
and durum wheat, and government agencies were authorized for all the imports. 
However, the import tariffs on pulses were considered differently which were gradu-
ally reduced and ultimately eliminated by 1996. The hope of augmented imports 
due to liberalization of domestic pulse market also could not be materialized rather; 
total pulse imports share in merchandise trade fell down after liberalization [33]. 
Minimum support prices are an important part of the policy decision to stabilize com-
modity prices, improve the economic viability of farming in India, this also enhance 
food security by diversification into oilseeds, pulses, livestock and fish. However, the 
MSP for pulses did not give the same trend as that of rice. During 2008–2009, prices 
for pulses were increased at a rate higher than for food grains, but the area covered 
under pulses not increased proportionally and this resulted into pulse cultivation 
risks. If we compare this case with paddy crop cultivation such risks are not associ-
ated, and the farmers are also assured for procurement by government agencies [31].

11. Pulses and livestock feed diversification

Pulses not only increase nitrogen supply [34] but also increase the meat pro-
duction if used in livestock production systems. By 2050, demand for meat may 
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increase to 200 MT per annum, with corresponding demand for livestock feed [35]. 
Field pea is being promoted as enriched source of protein and energy in cattle feed 
in the northern Great Plains of the US and Canada since it is easily digestible by 
cattle, but the starch fermentation and ruminal protein degradation rates are slower 
than for other common feeds. Dry matter intake by cows is also increased using 
field pea in livestock feed ration acting as a binding agent for pelleting formula 
feeds [36].

Significant economic benefits have been recorded in investment policies in 
pulse crop research. Across four CGIAR centers, the CGIAR Research Program on 
Grain Legumes, a global alliance coordinating efforts estimated that the net present 
value of gross benefits of its legume research and extension was US$ 4.5 billion in 
2012, nearly to US$ 535 million per year. During 2014–2020, proposed activities 
by CGIAR program included legume research to address food security through 
increased availability of food (over 8 MT), nutrition security from more avail-
ability of protein, and environmental benefits through biological nitrogen fixation 
(a fertilizer cost saving of US$ 418 million). In South and South-East Asia and 
Sub-Saharan Africa, where most of the world’s poorest communities are located, 
the CGIAR estimated more than 50% of the projected economic benefits through 
legume research and extension [37, 38].

12. Suitability of some pulses for marginal areas

Drought prone areas having lowest rainfall 300–450 mm/year are best suited for 
cultivation of drought-tolerant pulses including lentils, Bambara beans and pigeon 
peas. Normal crops cannot survive and produce under such adverse conditions. 
The benefit of these drought-tolerant legumes is their adaptability towards such 
harsh environments by deep-root systems surviving in water scare regions and thus 
improves the crop productivity in marginal environments. Using locally adapted 
pulses, farmers in dry environments, can intensify their production systems in a 
sustainable manner where food security represents a huge challenge. Additionally 
appropriate policies and programs, marketing trade systems to support the mar-
ginal farmers need to be encouraged for pulses to increase the availability and 
consumption of drought-resistant pulses.

Malnutrition is a major issue in many countries and pulses can be grown in these 
regions to overcome the hunger threat. The food and nutritional security can be 
achieved to some extent with the production of pulses in these regions [39].

Farmers are forced to use saline water for crop irrigation in arid and semi-arid 
regions due to water shortage or by poor quality water. Every crop has a threshold 
level of salinity tolerance above which yields decrease with increasing salinity. 
Soluble salts accumulate in saline soils affecting plant growth at various stages and 
creating yield differences of crops at maturity. This requires immediate controlling 
measures for soil salinization and preponderance of saline water sources along with 
cultivation of salt resistant crops.

In India, nearly 6.73 M ha area is affected with salinity and sodicity stresses 
covering various states of the country. Nearly 20% of the irrigated agricultural land 
is transforming into saline area with 1–3% per year either due to natural salinity 
or due to human interference. Global effects of increased salinity at agronomically 
important land will be visible by the middle of the twenty-first century [40–42]. 
Further, the arid and semiarid areas in different states are associated with saline 
underground water, which have to be used for irrigation purpose. The development 
and use of plant species that can tolerate high salt level is important for sustainable 
crop production on such soils and water conditions and is cost effective. This may 
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be achieved by making use of variations in tolerance both, between and within 
cultivars. Low yield potential coupled with biotic and abiotic stresses has further 
reduced cultivation of grain legumes (chickpea and mung bean) by the farmers. 
Recently, realizing the significance of grain legumes in improving nutrition and the 
livelihood of poor farmers, more research is now being carried out for their genetic 
amelioration by various institutes. Though CSSRI have released a salinity tolerant 
desi chickpea variety (CSG 8962) in 1997, yet further improvements are required to 
recombine salt tolerance and high yield, which is the need of hour.

Omic approaches for crop improvement: the networks of genetic and envi-
ronmental factors controlling various abiotic stresses are complex and hamper 
breeding strategies. There is a limit for traditional approaches for crop improve-
ment; novel approaches in agriculture need to be adopted to meet the demands 
of an ever-growing world population. Various technological advances have led 
to the emergence of high throughput tools to explore and exploit plant genomes 
for crop improvement to counteract the aforementioned agricultural challenges. 
These approaches aim to explore the entire genomics to gain insights into plant 
molecular responses ultimately to provide specific strategies for crop improvement. 
Functional genomics techniques have long been adopted to unravel gene functions 
and the interactions between genes in regulatory networks, which can be exploited 
to generate improved varieties.

In these contexts, exploring management strategies to use low inorganic N with 
suitable grain legumes would help to sustain crop productivity.

Future strategies for increasing pulses productivity and production: to 
increase area and production of pulse crops we need crop specific and region 
specific approaches, which should be adopted in the overall framework of systems 
approach. The major thrust areas to be addressed are as follows.

• Input responsive and non-lodging varieties

• Biotic and abiotic stress tolerance

• Super-early varieties for green grains

• Machine harvestable and herbicide tolerant varieties

• Nutritionally enhanced varieties

• Integrated pest and disease management

• Public-private partnership for sustaining chain and to minimizing post-harvest 
losses

• Linking MSP to market prices can bridge the gap between demand and supply

• Climate smart varieties

13. Next steps in the pulse contribution

While the global pulse industry, and the pulse industry in India, success-
fully celebrated International Year of Pulses in 2016, let us also think about what 
will be done to ensure that pulses lead by example to help end hunger. The Zero 
Hunger Challenge and 2016 International Year of Pulses are opportunities to make 
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a significant difference in the global fight against hunger, and to demonstrate to 
the world how pulses support healthy people and a healthy planet [38]. The aim 
of National Food Security Mission of India is to improve production of pulses and 
for this approximately Rs 1100 crore were distributed for during 2016–2017. The 
positivity of this program was executed by organizing quality seed production-
cum-awareness field days highlighting the importance of quality seeds through 
allocation of Rs. 20.39 crore to ICAR/Agriculture Universities for increasing the 
availability of new pulse-variety breeder seeds. Inter cropping of pulses with 
other crops is being encouraged. A number of schemes have been launched for 
the development of agriculture and farmers’ welfare. In view of good monsoon in 
India, in spite of two consecutive drought years, pulse production reached 25.23 
MT (2017–2018) which is still lower than the domestic demand (27.91 MT) (Source: 
Directorate of Economics and Statistics, Department of Agriculture & Cooperation 
and Department of Commerce, Govt of India). Therefore, the BRICS nations have 
been approached and it was commented that India would like to seek cooperation 
from member countries (BRICS) in helping to meet our production shortfall in 
crops like pulses and oilseeds.

Let us show the same creativity and leadership that has built a strong global 
community within the pulse industry and also become the leaders of a basic human 
right—the Right to Adequate Food. It is time to get to work. It is time for the global 
pulse industry to step up to the challenge!

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

In the upcoming years, legume crops will be subjected to multiple, diverse, 
and overlapping environmental stressors (raise in global temperatures and CO2, 
drought, salinity, and soil pollution). These factors will menace legume pro-
ductivity and food quality and security. In this context, tolerant plant growth 
promoting rhizobacteria (PGPR) are useful biotechnological tools to assist legume 
establishment and growth. In this chapter, tolerant PGPR able to promote legume 
growth will be revised. Besides, in the era of -omics, the mechanisms underlying 
this interaction are being deciphered, particularly transcriptomic, proteomic, 
and metabolomic changes modulated by PGPR, as well as the molecular dialog 
legume-rhizobacteria.

Keywords: PGPR, legumes, abiotic stress, mechanisms, bacteria

1. Introduction

Plants are colonized by several microorganisms, mainly bacteria, and the num-
ber of them sometimes is higher than the number of plant cells [1]. These micro-
organisms can live inside (endophytes) and outside (epiphytes) the plant tissues, 
and they do not cause diseases in the host plant [2]; rather, these microorganisms 
contribute to improve the health and the productivity of the plants [3].

Soils also have many microorganisms with potential to improve plant growth, 
and overall the rhizosphere. The rhizosphere is an area of interaction between 
microorganisms and plant roots, and it is inhabited by bacteria, fungi, protozoa, 
actinomycetes, and algae, with bacteria and mycorrhizal fungi being the main 
populations [4]. The size of the microbial population in the rhizosphere of plants is 
influenced by root exudates. The chemicals found in the soil along with the exu-
dates from the plants cause changes in the pH and in the redox potentials that will 
be determined by the microbial community around the roots [5].

Among the bacteria that colonize the rhizosphere, those promoting plant 
growth, also known as PGPB (Plant Growth Promoting Bacteria), rhizobacteria or 
PGPR (Plant Growth Promoting Rhizobacteria), and nitrogen-fixing rhizobia, are 
the most remarkable because they provide beneficial effects in the development 
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of the plants being able to do it by direct or indirect mechanisms. Regarding 
legumes, they also interact with rhizobacteria, and the main interaction is the 
symbiosis between legumes and nitrogen-fixing rhizobia [4]. Rhizobia are bac-
teria that belong to the family Rhizobiaceae, and the most important genera are 
Bradyrhizobium, Ensifer, Mesorhizobium, Rhizobium, and Sinorhizobium [6]. During 
this interaction, rhizobia invade the root and group into a specialized organ called 
nodule. Inside the nodules, rhizobia become bacteroids, which transform N2 to 
NH4

+, molecule that can be assimilated by plants [7]. Inoculation of legumes with 
rhizobacteria produces a bioaugmentation of the microbial population in soils, 
thus contributing to plants growing bigger and faster [8–10], and this can solve the 
problem of the rapid growth of the world population that causes a great pressure 
in the area of land destined for food [11]. Moreover, the arable lands are decreasing 
because of the climate change and some human activities.

Climate change is one of the most important problems in the planet nowadays. 
Because of that, temperature and drought are increasing, involving an increase in 
arid and semi-arid zones and generating a loss of arable soils [12–14]. Drought is an 
abiotic stress that causes the highest losses in agriculture, so it is a very important 
factor in crop productivity [15]. Drought and heat involve the appearance of saline 
soils [16], although some human activities, like the increase of irrigation with 
bad water quality, are also responsible [17]. Salinity affects around 800 million 
of hectares in the world, and it is considered a global problem [18] being another 
stress that limits plant growth, productivity, nitrogen fixation in legumes, and 
the seed germination [19, 20] due to the uptake excess of NaCl by the plants [21]. 
Furthermore, the salt excess decreases the organic matter in soils and modifies the 
microbial population in the rhizosphere [22], so salinity also affects the nodulation 
negatively [23]. Finally, an additional abiotic stress is heavy metals. The increase 
of heavy metal concentrations becomes a pollution problem, being humans the 
main responsible of it [24]. Heavy metals affect plants and soils as the rest of abiotic 
stress does, and in legumes, they dramatically reduce nodule number and nitrogen 
fixation [25, 26].

To try to recover these affected soils, phytoremediation is being used, and sev-
eral studies confirm that it is a very efficient tool, particularly in combination with 
bacterial inoculation since PGPB improve the potential of plants to phytoremedi-
ate soils [27–31]. Legumes belong to the plants used in phytoremediation because 
this family is one of the most diverse among other plant families in the world, and 
some of them are able to grow in degraded soils and can be used as pioneer plants 
in order to repopulate these degraded areas [25, 32]. In fact, legumes are usually 
used in intercropping with other crops to decrease the amount of pesticides and 
improve the quality of soils making legumes one of the most promising components 
of the Climate Smart Agriculture concept [33]. As described above, the symbiosis 
of legumes with rhizobia improves the growth of legumes and allows them to grow 
better in the degraded soils, but all the named abiotic stresses interfere with this 
interaction. For that, authors look for rhizobia resistant to these stresses that able 
to grow and form nodules even in degraded soils [34–37]. Furthermore, several 
studies demonstrate that coinoculation of legumes with rhizobia and another PGPR 
increases nodulation, plant growth, and the potential to phytoremediate soils of 
plants in the presence of abiotic stresses [38–41]. This improvement in legumes 
occurs for the interaction between plants and bacteria through different direct and 
indirect mechanisms that help the plant to grow in the presence of stress.

In this chapter, the different bacterial mechanisms used to improve the plant 
growth in the presence of the most important abiotic stresses nowadays are been 
reviewed, in order to help legumes to grow under stress situations and recover the 
degraded soils using the interaction between legumes and bacteria. Furthermore, 
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the molecular mechanisms involved in these interactions are being described with 
the transcriptomic, proteomic, and metabolomic studies so far.

2.  Effects and mechanisms of plant growth promotion  
by microorganisms

As mentioned above, some bacteria are capable of promoting plant growth 
(PGPB and PGPR) through direct (biofertilization) and indirect (biocontrol) 
mechanisms. The direct mechanisms are based on the direct promotion of plant 
development, among which are nitrogen fixation, phosphate solubilization, pro-
duction of phytohormones (auxins, cytokinins, and gibberellins), the enzymatic 
activity of the aminocyclopropane carboxylic acid (ACC) deaminase, and iron 
complexation by bacterial siderophores. On the other hand, indirect methods are 
responsible for inhibiting pathogenic organisms for plants. Among these methods 
are the synthesis of antibiotics, enzymes that degrade the cell wall, or the induced 
systemic resistance (ISR) process [42]. The mechanisms carried out by PGPB and 
PGPR will depend on the host plant and will be influenced in turn by biotic (such as 
plant defense mechanisms and genotype) and abiotic (such as weather conditions 
and soil composition) factors [43].

However, bacteria are not the only microorganisms that are able to promote 
plant growth. Mycorrhizal fungi also can carry out this function, there being a 
symbiotic association between them and most terrestrial plants [44] favoring 
micronutrient absorption, resistance to diseases caused by pathogens, or reduction 
of plant stress caused by environmental factors [45].

2.1 Direct mechanisms

2.1.1 Fixation of nitrogen

Nitrogen is one of the essential elements for life that is present in biochemical 
structures as important as nucleotides and proteins, but atmospheric nitrogen is 
mostly nonassimilable for plants since about 78% is in a gaseous state, so it must 
become ammonia, thanks to the nitrogenase enzyme to be assimilable. This reac-
tion is carried out by rhizobia under symbiosis with legumes, thanks to which the 
rhizobia obtain carbon provided by the legumes from photosynthesis, and they 
provide the plant with nitrogen [46].

Atmospheric nitrogen fixation occurs mainly in leguminous plants where 
rhizobia/plant interactions are highly specific [42]. However, certain free-living 
bacteria (such as Frankia spp. or Actinobacteria) are also able to fix atmospheric 
nitrogen to a much wider range of plants than rhizobia [47]. For example, coinocu-
lation of Bradyrhizobium sp. UFLA 03-84 with Actinomadura sp. 183-EL, Bacillus sp. 
IPACC11, or Streptomyces sp. 212 in cowpea plants improves the nitrogen fixation 
even in the presence of salinity conditions [48]. Another example of the improve-
ment of nitrogen fixation in the presence of a different abiotic stress is reported 
by Saia et al. [49] in which plants of Trifolium alexandrinum were inoculated with 
arbuscular mycorrhizal (AM) fungi leading to an improvement of nitrogen fixation 
and the plant growth in water stress.

2.1.2 Solubilization of phosphate

Phosphorus is also an essential element for life that is involved in such impor-
tant processes as energy transfer, respiration, or photosynthesis [50]. After 



Legume Crops - Prospects, Production and Uses

116

of the plants being able to do it by direct or indirect mechanisms. Regarding 
legumes, they also interact with rhizobacteria, and the main interaction is the 
symbiosis between legumes and nitrogen-fixing rhizobia [4]. Rhizobia are bac-
teria that belong to the family Rhizobiaceae, and the most important genera are 
Bradyrhizobium, Ensifer, Mesorhizobium, Rhizobium, and Sinorhizobium [6]. During 
this interaction, rhizobia invade the root and group into a specialized organ called 
nodule. Inside the nodules, rhizobia become bacteroids, which transform N2 to 
NH4

+, molecule that can be assimilated by plants [7]. Inoculation of legumes with 
rhizobacteria produces a bioaugmentation of the microbial population in soils, 
thus contributing to plants growing bigger and faster [8–10], and this can solve the 
problem of the rapid growth of the world population that causes a great pressure 
in the area of land destined for food [11]. Moreover, the arable lands are decreasing 
because of the climate change and some human activities.

Climate change is one of the most important problems in the planet nowadays. 
Because of that, temperature and drought are increasing, involving an increase in 
arid and semi-arid zones and generating a loss of arable soils [12–14]. Drought is an 
abiotic stress that causes the highest losses in agriculture, so it is a very important 
factor in crop productivity [15]. Drought and heat involve the appearance of saline 
soils [16], although some human activities, like the increase of irrigation with 
bad water quality, are also responsible [17]. Salinity affects around 800 million 
of hectares in the world, and it is considered a global problem [18] being another 
stress that limits plant growth, productivity, nitrogen fixation in legumes, and 
the seed germination [19, 20] due to the uptake excess of NaCl by the plants [21]. 
Furthermore, the salt excess decreases the organic matter in soils and modifies the 
microbial population in the rhizosphere [22], so salinity also affects the nodulation 
negatively [23]. Finally, an additional abiotic stress is heavy metals. The increase 
of heavy metal concentrations becomes a pollution problem, being humans the 
main responsible of it [24]. Heavy metals affect plants and soils as the rest of abiotic 
stress does, and in legumes, they dramatically reduce nodule number and nitrogen 
fixation [25, 26].

To try to recover these affected soils, phytoremediation is being used, and sev-
eral studies confirm that it is a very efficient tool, particularly in combination with 
bacterial inoculation since PGPB improve the potential of plants to phytoremedi-
ate soils [27–31]. Legumes belong to the plants used in phytoremediation because 
this family is one of the most diverse among other plant families in the world, and 
some of them are able to grow in degraded soils and can be used as pioneer plants 
in order to repopulate these degraded areas [25, 32]. In fact, legumes are usually 
used in intercropping with other crops to decrease the amount of pesticides and 
improve the quality of soils making legumes one of the most promising components 
of the Climate Smart Agriculture concept [33]. As described above, the symbiosis 
of legumes with rhizobia improves the growth of legumes and allows them to grow 
better in the degraded soils, but all the named abiotic stresses interfere with this 
interaction. For that, authors look for rhizobia resistant to these stresses that able 
to grow and form nodules even in degraded soils [34–37]. Furthermore, several 
studies demonstrate that coinoculation of legumes with rhizobia and another PGPR 
increases nodulation, plant growth, and the potential to phytoremediate soils of 
plants in the presence of abiotic stresses [38–41]. This improvement in legumes 
occurs for the interaction between plants and bacteria through different direct and 
indirect mechanisms that help the plant to grow in the presence of stress.

In this chapter, the different bacterial mechanisms used to improve the plant 
growth in the presence of the most important abiotic stresses nowadays are been 
reviewed, in order to help legumes to grow under stress situations and recover the 
degraded soils using the interaction between legumes and bacteria. Furthermore, 

117

Helping Legumes under Stress Situations: Inoculation with Beneficial Microorganisms
DOI: http://dx.doi.org/10.5772/intechopen.91857

the molecular mechanisms involved in these interactions are being described with 
the transcriptomic, proteomic, and metabolomic studies so far.

2.  Effects and mechanisms of plant growth promotion  
by microorganisms

As mentioned above, some bacteria are capable of promoting plant growth 
(PGPB and PGPR) through direct (biofertilization) and indirect (biocontrol) 
mechanisms. The direct mechanisms are based on the direct promotion of plant 
development, among which are nitrogen fixation, phosphate solubilization, pro-
duction of phytohormones (auxins, cytokinins, and gibberellins), the enzymatic 
activity of the aminocyclopropane carboxylic acid (ACC) deaminase, and iron 
complexation by bacterial siderophores. On the other hand, indirect methods are 
responsible for inhibiting pathogenic organisms for plants. Among these methods 
are the synthesis of antibiotics, enzymes that degrade the cell wall, or the induced 
systemic resistance (ISR) process [42]. The mechanisms carried out by PGPB and 
PGPR will depend on the host plant and will be influenced in turn by biotic (such as 
plant defense mechanisms and genotype) and abiotic (such as weather conditions 
and soil composition) factors [43].

However, bacteria are not the only microorganisms that are able to promote 
plant growth. Mycorrhizal fungi also can carry out this function, there being a 
symbiotic association between them and most terrestrial plants [44] favoring 
micronutrient absorption, resistance to diseases caused by pathogens, or reduction 
of plant stress caused by environmental factors [45].

2.1 Direct mechanisms

2.1.1 Fixation of nitrogen

Nitrogen is one of the essential elements for life that is present in biochemical 
structures as important as nucleotides and proteins, but atmospheric nitrogen is 
mostly nonassimilable for plants since about 78% is in a gaseous state, so it must 
become ammonia, thanks to the nitrogenase enzyme to be assimilable. This reac-
tion is carried out by rhizobia under symbiosis with legumes, thanks to which the 
rhizobia obtain carbon provided by the legumes from photosynthesis, and they 
provide the plant with nitrogen [46].

Atmospheric nitrogen fixation occurs mainly in leguminous plants where 
rhizobia/plant interactions are highly specific [42]. However, certain free-living 
bacteria (such as Frankia spp. or Actinobacteria) are also able to fix atmospheric 
nitrogen to a much wider range of plants than rhizobia [47]. For example, coinocu-
lation of Bradyrhizobium sp. UFLA 03-84 with Actinomadura sp. 183-EL, Bacillus sp. 
IPACC11, or Streptomyces sp. 212 in cowpea plants improves the nitrogen fixation 
even in the presence of salinity conditions [48]. Another example of the improve-
ment of nitrogen fixation in the presence of a different abiotic stress is reported 
by Saia et al. [49] in which plants of Trifolium alexandrinum were inoculated with 
arbuscular mycorrhizal (AM) fungi leading to an improvement of nitrogen fixation 
and the plant growth in water stress.

2.1.2 Solubilization of phosphate

Phosphorus is also an essential element for life that is involved in such impor-
tant processes as energy transfer, respiration, or photosynthesis [50]. After 



Legume Crops - Prospects, Production and Uses

118

nitrogen, phosphorus is the second most limiting element for plant growth [51]. 
The content of this element in the soil is 0.05% (w/w) of which only 0.1% can be 
used by plants, a problem to which the use of phosphorus-based chemical fertil-
izers that are fixed within the soil must be added and limited the bioavailability of 
the element [52].

There are a wide variety of microorganisms that can solubilize phosphate to 
make it assimilable to plants by releasing phosphorus from soil insoluble phos-
phates. An example of this is the endophytic bacterium Gluconacetobacter diazotro-
phicus that is capable of solubilizing phosphate by acidification [53]. Bacteria also 
can solubilize phosphates in the presence of different stresses such as Serratia sp. 
J260, Pantoea sp. J49, Acinetobacter sp., L176, and Planomicrobium sp. MSSA-10 that 
kept this property in the presence of salinity conditions or Bacillus sp. L55 in the 
presence of high temperatures [54, 55]. Besides, other bacteria are able to solubilize 
organic phosphorous because they produce phytase and phosphatases enzymes 
that act by dephosphorylating phytates and organic phosphorus [51]. This kind of 
bacteria can help to legume crops to improve their growth and productivity in these 
abiotic stress conditions.

2.1.3 Phytohormones production

There are certain microorganisms capable of producing phytohormones, which 
can promote or modify the development of plants at low concentrations [43]. 
Among the most common phytohormones are gibberellins, cytokinins, auxins, 
ethylene, and abscisic acid [53], and their effects can be stimulants or inhibitors of 
plant growth. The most widely studied are auxins, particularly the indole-3-acetic 
acid (IAA), being the one that is produced in a greater proportion by plants and 
PGPR where up to 80% of rhizobacteria synthesize it as a secondary metabolite 
[56]. This auxin is present in different cellular responses such as cell division, gene 
expression, or root development and lengthening and affects photosynthesis, pig-
ment formation, and resistance to stress conditions [53].

When the concentration of IAA in plants is adequate, the application of bacterial 
IAA can have positive, negative, or neutral effects [46], so that this bacterial syn-
thesis will determine the stimulation or inhibition of plant growth and may change 
the hormone level from optimal to supraoptimal. In this way, the PGPR will stimu-
late growth when the IAA concentration is below the optimum levels for the plant 
[42]. It is important that IAA producing bacteria must keep the property even in 
the presence of any abiotic stress to help plants to grow in these conditions. Table 1 
shows some examples of IAA producing microorganisms that cause improvements 
in legume crops under stress conditions.

2.1.4 ACC deaminase activity

Ethylene, also known as the stress hormone, is a phytohormone present in 
all higher plants, making it a key element in a wide range of biological activities, 
intervening in processes that affect the growth and development of plants where 
almost all plant tissues and their stages of development are affected by it. It is 
produced from 1-aminocyclopropane-1-carboxylic acid (ACC) and is catalyzed 
by the enzyme ACC oxidase [59, 60]. Most abiotic stresses cause a large increase in 
ethylene concentration causing wilting of the flowers or initiating senescence in 
the leaves among other consequences, so its increase translates into harmful effects 
on the growth and health of plants and therefore to a reduction in crop production. 
However, when its concentration is adequate, it decreases the wilting, stimulates 
the germination of seeds, and influences the fruit ripening [61]. More recently, 
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evidence is being presented showing that ACC deaminase producing microorgan-
isms can facilitate nodulation of legumes under stress conditions, called as nodulat-
ing helper bacteria [62, 63].

The great importance of this hormone is the reason for it having being exten-
sively studied, so a wide range of microorganisms capable of secreting the enzyme 
ACC deaminase is known. ACC deaminase hydrolyses ACC in ammonia and 
2-oxobutanoate, thus causing a reduction in the concentration of ethylene in plants 
[64]. Among ACC deaminase producing microorganisms are the following genera: 
Bacillus, Pseudomonas, Klebsiella, Serratia, Arthrobacter, Azospirillum, Streptomyces, 
Microbacterium, Achromobacter, Acinetobacter, Acidovorax, Agrobacterium, 
Alcaligenes, Enterobacter, Agrobacterium, and Rhizobium [59, 60]. The interaction of 
these microorganisms with legumes enhances plant growth and crop productivity 
under stress conditions (Table 2).

2.1.5 Production of siderophores

Iron is another essential micronutrient for plants that, in the oxygen-rich 
conditions of the rhizosphere, is in the form of Fe+3 that is insoluble for plants 
and microorganisms [53]. Siderophores, involved in both direct and indirect 
mechanisms of plant growth promotion, are small molecules of a peptide nature 
formed by side chains and functional groups that act as ligands with high affinity 
for the Fe+3 ions [65]. A wide range of bacteria and fungi are capable of secreting 
siderophores that occur in rhizospheric soils in neutral-alkaline pH conditions, 
where there is a deficiency of this element due to its low solubility in these condi-
tions [66]. These microorganisms can subsequently absorb the siderophore-Fe+3 
complex by means of a specific receptor and release the Fe in its bioavailable form 
(Fe+2) to support bacterial growth [61]. The creation of this complex also assumes 
an important role in the adsorption of Fe by plants, in the presence of other metals 
such as nickel or cadmium [43]. Another very important function of siderophores is 
to prevent the proliferation of pathogens by competing for the available iron. In this 
way, rhizobacteria help plant growth by releasing these biocontrol agents against 
phytopathogens (antagonism of PGPR against pathogens) [61].

Microorganism Plant host Plant improvement Abiotic 
stress

References

Ochrobactrum cytisi 
Azn6.2

Medicago sativa Larger root size Heavy 
metals

[37]

Pseudomonas 
extremorientalis TSAU20 
and P. trivialis 3Re27

Galega 
officinalis

Improved the growth and 
increased the nodulation

Salinity [57]

Bradyrhizobium sp. RM8 Vigna radiata Reduced the uptake of Ni 
and Zn and increased the 
nodulation

Heavy 
metals

[58]

Ensifer meliloti RD64 M. sativa Accumulation of 
osmoprotectants, greater 
Rubisco availability

Drought [8]

Bradyrhizobium sp. 
RJS9–2

Stylosanthes 
guianensis

Higher salt tolerance and 
osmoprotectants

Salinity [9]

Aspergillus japonicus 
EuR-26

Glycine max Improved the plant biomass 
and other growth features

Heat [10]

Table 1. 
Beneficial interactions between IAA producing bacteria and legumes under stress conditions.
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nitrogen, phosphorus is the second most limiting element for plant growth [51]. 
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that act by dephosphorylating phytates and organic phosphorus [51]. This kind of 
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all higher plants, making it a key element in a wide range of biological activities, 
intervening in processes that affect the growth and development of plants where 
almost all plant tissues and their stages of development are affected by it. It is 
produced from 1-aminocyclopropane-1-carboxylic acid (ACC) and is catalyzed 
by the enzyme ACC oxidase [59, 60]. Most abiotic stresses cause a large increase in 
ethylene concentration causing wilting of the flowers or initiating senescence in 
the leaves among other consequences, so its increase translates into harmful effects 
on the growth and health of plants and therefore to a reduction in crop production. 
However, when its concentration is adequate, it decreases the wilting, stimulates 
the germination of seeds, and influences the fruit ripening [61]. More recently, 
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evidence is being presented showing that ACC deaminase producing microorgan-
isms can facilitate nodulation of legumes under stress conditions, called as nodulat-
ing helper bacteria [62, 63].

The great importance of this hormone is the reason for it having being exten-
sively studied, so a wide range of microorganisms capable of secreting the enzyme 
ACC deaminase is known. ACC deaminase hydrolyses ACC in ammonia and 
2-oxobutanoate, thus causing a reduction in the concentration of ethylene in plants 
[64]. Among ACC deaminase producing microorganisms are the following genera: 
Bacillus, Pseudomonas, Klebsiella, Serratia, Arthrobacter, Azospirillum, Streptomyces, 
Microbacterium, Achromobacter, Acinetobacter, Acidovorax, Agrobacterium, 
Alcaligenes, Enterobacter, Agrobacterium, and Rhizobium [59, 60]. The interaction of 
these microorganisms with legumes enhances plant growth and crop productivity 
under stress conditions (Table 2).

2.1.5 Production of siderophores

Iron is another essential micronutrient for plants that, in the oxygen-rich 
conditions of the rhizosphere, is in the form of Fe+3 that is insoluble for plants 
and microorganisms [53]. Siderophores, involved in both direct and indirect 
mechanisms of plant growth promotion, are small molecules of a peptide nature 
formed by side chains and functional groups that act as ligands with high affinity 
for the Fe+3 ions [65]. A wide range of bacteria and fungi are capable of secreting 
siderophores that occur in rhizospheric soils in neutral-alkaline pH conditions, 
where there is a deficiency of this element due to its low solubility in these condi-
tions [66]. These microorganisms can subsequently absorb the siderophore-Fe+3 
complex by means of a specific receptor and release the Fe in its bioavailable form 
(Fe+2) to support bacterial growth [61]. The creation of this complex also assumes 
an important role in the adsorption of Fe by plants, in the presence of other metals 
such as nickel or cadmium [43]. Another very important function of siderophores is 
to prevent the proliferation of pathogens by competing for the available iron. In this 
way, rhizobacteria help plant growth by releasing these biocontrol agents against 
phytopathogens (antagonism of PGPR against pathogens) [61].
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In general, plants can benefit in many ways, thanks to the production of sid-
erophores since they are also involved in the improvement of nitrogen fixation or 
in the prevention of toxicity by heavy metals [75]. Thus, PGPR able to produce 
siderophores have a certain competitive advantage over other microorganisms in the 
rhizosphere [64]. Some of these microorganisms are shown in Table 3 showing the 
repercussions caused by the synthesis of iron chelating compounds depending on 
the crop and the conditions of the plant-microbe interaction.

2.2 Indirect mechanisms

Indirect mechanisms are those processes where PGPR prevent or neutralize 
the harmful action of phytopathogens by the production of substances that confer 

Microorganism Plant host Plant improvement Abiotic 
stress

References

Bradyrhizobium sp. 
RM8

V. radiata Reduction of Ni and Zn 
concentrations in plant tissues

Heavy 
metals

[58]

Bradyrhizobium sp. 
YL6

G. max Positive effects in photosynthesis 
and mineral nutrients

Heavy 
metals

[72]

P. aeruginosa GS-33 G. max Improve plant biomass, 
chlorophyll content, and 
reduction of fungal infections

Salinity [73]

Pseudomonas putida 
NBRIRA and Bacillus 
amyloliquefaciens 
NBRISN13

Cicer 
arietinum

Higher growth and yield Drought [74]

Table 3. 
Beneficial interactions between bacteria that produce siderophores and legumes and plant improvements under 
stress conditions.

Microorganism Plant host Abiotic 
stress

Benefits for plants References

Pseudomonas fluorescens 
TDK1

Arachis 
hypogea

Salinity Improved plant growth 
parameters and alleviated saline 
stress

[67]

Pseudomonas 
aeruginosa GGRJ21

V. radiata Drought Increased plant biomass, the 
relative water content, and 
osmolytes

[68]

Bacillus subtilis LDR2 Trigonella 
foenum-
graecum

Drought Alleviated ethylene-induced 
damage and improved 
nodulation and mycorrhizal 
fungi colonization

[69]

Arthrobacter 
protophormiae SA3

Pisum 
sativum

Salinity Alleviated ethylene-induced 
damage and improved 
nodulation and mycorrhizal 
fungi colonization

[70]

Ochrobactrum 
pseudogrignonense RJ12, 
Pseudomonas sp. RJ15 
and B. subtilis RJ46

Vigna 
mungo and 
P. sativum

Drought Increased seed germination, 
plant biomass, chlorophyll, and 
relative water content.

[71]

Table 2. 
Beneficial interactions between ACC deaminase producing bacteria and legumes under stress conditions.
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greater natural resistance to the host plant, protecting it against infections (biotic 
stress), although they also help plants to grow actively under conditions of environ-
mental stress (abiotic stress) [43].

2.2.1 Production of antibiotics

Antibiotic production is the main mechanism by which a large and heteroge-
neous group of bacteria fight the harmful effects of plant pathogens (usually fungi). 
The antibiotics produced by PGPR are low molecular weight compounds that 
negatively interfere with the metabolic processes of other microorganisms, thus 
delaying their growth [64] or inhibiting it [56]. There are some examples of PGPR 
that produce antibiotics against phytopathogens reflected in Table 4.

The effectiveness with which these molecules interfere with pathogen sup-
pression will depend on the metabolite secreted by the PGPR and environmental 
conditions (mineral content of the soil, osmotic conditions, carbon sources, etc.) 
[76]. Moreover, some phytopathogens may develop resistance to specific antibiot-
ics by repeated use of the same strain that produces a particular antibiotic, so it 
is preferable to inoculate plants with PGPR that produce several antibiotics [59]. 
There are some PGPR that have antagonistic activities against some phytopathogens 
in addition to improve plant growth in the presence of some stress as it is the case 
of Cellulosimicrobium funkei AR6 that improves the root elongation in crops of P. 
vulgare, V. radiata, and V. mungo in the presence of Cr(VI) and also has a strong 
antagonistic activity against Aspergillus niger [77]. Another example is B. thuringien-
sis UFGS2 that improves plant growth, physiologic parameters, and the resistance of 
the soybean against S. sclerotiorum under drought stress [78].

2.2.2 Lytic enzymes of the cell wall

Some PGPR produce enzymes that are involved in the lysis of cell walls and 
neutralization of pathogens by interrupting a particular stage of development or 
the cell cycle [79], playing an important role in promoting plant growth by protect-
ing them of biotic and abiotic stresses due to the suppression of these pathogens. 
Among the produced enzymes for this purpose are chitinases, dehydrogenases, 
β-glucanases, lipases, phosphatases, or proteases [59]. The cell wall of most fungi is 
formed by residues of β-1,4-N-acetyl-glucoseamine and chitin, so that the bacteria 
that produce β-1,3-glucanase and chitinase can control the growth of phyto-
pathogen [43]. Furthermore, some PGPR are able to produce this kind of enzymes 
and protect the crops under abiotic stress like Bacillus licheniformis A2 that produces 

Microorganism Plant host Phytopathogen Reference

Rhizobium sp. RS12 C. arietinum Fusarium solani and 
Macrophomina phaseolina

[80]

Pseudomonas sp. YL23 G. max Erwinia amylovora and Dickeya 
chrysanthemi

[81]

Pantoea ananatis RM2 P. sativum Trichoderma longibrachiatum and 
Fusarium oxysporum

[82]

Bacillus sp. B19, Bacillus sp. P12, 
and B. amyloliquefaciens B14

Phaseolus 
vulgaris

Sclerotinia sclerotiorum [83]

Table 4. 
PGPR that produce antibiotics and their effects as biocontrol agents.
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In general, plants can benefit in many ways, thanks to the production of sid-
erophores since they are also involved in the improvement of nitrogen fixation or 
in the prevention of toxicity by heavy metals [75]. Thus, PGPR able to produce 
siderophores have a certain competitive advantage over other microorganisms in the 
rhizosphere [64]. Some of these microorganisms are shown in Table 3 showing the 
repercussions caused by the synthesis of iron chelating compounds depending on 
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greater natural resistance to the host plant, protecting it against infections (biotic 
stress), although they also help plants to grow actively under conditions of environ-
mental stress (abiotic stress) [43].

2.2.1 Production of antibiotics

Antibiotic production is the main mechanism by which a large and heteroge-
neous group of bacteria fight the harmful effects of plant pathogens (usually fungi). 
The antibiotics produced by PGPR are low molecular weight compounds that 
negatively interfere with the metabolic processes of other microorganisms, thus 
delaying their growth [64] or inhibiting it [56]. There are some examples of PGPR 
that produce antibiotics against phytopathogens reflected in Table 4.

The effectiveness with which these molecules interfere with pathogen sup-
pression will depend on the metabolite secreted by the PGPR and environmental 
conditions (mineral content of the soil, osmotic conditions, carbon sources, etc.) 
[76]. Moreover, some phytopathogens may develop resistance to specific antibiot-
ics by repeated use of the same strain that produces a particular antibiotic, so it 
is preferable to inoculate plants with PGPR that produce several antibiotics [59]. 
There are some PGPR that have antagonistic activities against some phytopathogens 
in addition to improve plant growth in the presence of some stress as it is the case 
of Cellulosimicrobium funkei AR6 that improves the root elongation in crops of P. 
vulgare, V. radiata, and V. mungo in the presence of Cr(VI) and also has a strong 
antagonistic activity against Aspergillus niger [77]. Another example is B. thuringien-
sis UFGS2 that improves plant growth, physiologic parameters, and the resistance of 
the soybean against S. sclerotiorum under drought stress [78].

2.2.2 Lytic enzymes of the cell wall

Some PGPR produce enzymes that are involved in the lysis of cell walls and 
neutralization of pathogens by interrupting a particular stage of development or 
the cell cycle [79], playing an important role in promoting plant growth by protect-
ing them of biotic and abiotic stresses due to the suppression of these pathogens. 
Among the produced enzymes for this purpose are chitinases, dehydrogenases, 
β-glucanases, lipases, phosphatases, or proteases [59]. The cell wall of most fungi is 
formed by residues of β-1,4-N-acetyl-glucoseamine and chitin, so that the bacteria 
that produce β-1,3-glucanase and chitinase can control the growth of phyto-
pathogen [43]. Furthermore, some PGPR are able to produce this kind of enzymes 
and protect the crops under abiotic stress like Bacillus licheniformis A2 that produces 
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PGPR that produce antibiotics and their effects as biocontrol agents.
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chitinase and protects A. hypogea against Fusarium oxysporum f. sp. cubense under 
salinity conditions [84]. Table 5 shows some examples of bacteria capable of 
producing these types of degrading enzymes.

2.2.3 Induced systemic resistance

There is an important feature of biocontrol that helps plant growth based on two 
defensive response mechanisms against various external agents known as mecha-
nisms of induced systemic resistance (ISR) and mechanism of acquired systemic 
resistance (ASR) [56]. ISR is a physiological state of defensive capacity that plants 
present in response to an environmental stimulus [43] in which nonpathogenic 
microorganisms, including various PGPB, reduce the negative effects of pathogens 
of plants by activating a resistance mechanism without the need to target a specific 
pathogen and can develop this resistance in response to infection by pathogens, to 
attack by insects, or to a chemical treatment [42].

To stimulate this defensive response mechanism, the ISR uses phytohormones as 
jasmonic acid (JA) and ethylene (ET) that act as signaling molecules [64], although 
it has been shown that some organelles (such as flagella) and bacterial molecules 
(such as lipopolysaccharides of the outer membrane or antibiotics produced by 
bacteria) can also act as inducing agents activating ISR and generating a rapid 
accumulation of pathogenesis-related enzymes such as chitinase, β-1,3-glucanase, 
peroxidase, or liases, among others [85]. It is important to note that the ISR pre-
pares plant to fight the pathogen with an improved defense [56]. A clear example of 
the ISR elicitor is the effect of Bradyrhizobium japonicum in soybean crops, where 
systemic redox changes are induced in plants [86]. The induction of ISR by Bacillus 
sp. CHEP5 and Bradyrhizobium sp. SEMIA 6144 in peanut plants against S. rolfsii 
also has been demonstrated [87]. However, this microbial induction could be lim-
ited by abiotic stress like the ISR induction of B. amyloliquefaciens S499 in different 
crops under heat and drought conditions where the response against Botrytis cinerea 
infection was prejudiced [88].

2.2.4 Quorum sensing

Quorum sensing (QS) is a mechanism of genetic regulation in response to cell 
density mediated by small self-inducing molecules, which are usually secreted out 
of bacterial cells and act as chemical signals produced by an increase in the cell 
population. These molecules cause an alteration in bacterial metabolism by activat-
ing different sets of genes [89], so that similar bacteria that live in communities 
and are close to each other will begin to act in a coordinated way. The level of the 
autoinductors increases proportionally to the population of bacterial cells until it 

Microorganism Host plant Enzyme Phytopathogen References

B. licheniformis A2 A. hypogea Chitinase F. oxysporum f. sp. 
cubense

[84]

Bacillus altitudinis 
BRHS/S-73

V. radiata Chitinase and 
protease

Thanatephorus 
cucumeris

[90]

B. subtilis DSM1088, 
P. fluorescens ATCC13525 
and Glommus spp.

P. vulgaris Chitinase, 
peroxidase and 
polyphenol oxidase

Sclerotium rolfsii [91]

Table 5. 
Lytic enzymes produced by PGPR and their effect on biocontrol of legume phytopathogens.
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exceeds a defined threshold level (quorum) where it binds to bacterial cell receptors 
and triggers a signal transduction cascade leading to changes in the expression of 
bacterial genes by the action of a group of cells [42].

There are numerous bacterial signaling molecules among which the acyl-homo-
serine lactone (AHL) produced by Gram-negative bacteria consisting of a common 
lactone homo resin residue and an acyl chain that can vary between 4 and 18 carbon 
atoms. There are more than 100 species of proteobacteria that produce AHL, and 
three types of enzymes are known (LuxI, LuxM, and HdtS) capable of synthesizing 
AHL in vivo. Degradation of AHL can be carried out by various enzymes as is the 
case of the AHL lactonase that breaks the ester linkage of the lactose ring of the 
AHL to form N-acyl homoserine reversibly [92]. Most of these signal molecules 
are of the bacterial origin: Bacillus spp., Klebsiella pneumoniae KTCTC2241, or 
Rhizobium sp. NGR23 [93]. The detection of this bacterial communication system 
is interrupted by PGPB, thus preventing pathogen infection through immune 
responses and preventing plant growth inhibition [94].

3.  Molecular mechanisms in the bacteria-plant interactions under 
abiotic stress

In spite of the abundant literature available on the improvement of plant growth 
and crop productivity using bacteria under abiotic stress conditions, the molecular 
mechanisms involved in these interactions remain elusive so far. This area has been 
studied by some authors to try to understand what changes bacteria elicit on plant 
gene expression finally leading to enhance the plant resilience to environmental 
stress. There are not many studies about genes involved in the plant-bacteria inter-
actions, particularly in legumes, but in this section, some examples of these studies 
are exposed.

Plants have several mechanisms to adapt in the presence of any stress, whose 
genes are involved in the regulation of transporters, phytochelatins, glutathione 
reductase, phytohormones, oxidative stress reduction, phenolic compound, osmo-
lytes, and low molecular weight organic acids, among others, and the bacteria role 
either expressing or repressing these genes has been investigated using real-time 
quantitative PCR, RNA Seq, and metabolomic and/or transcriptomic analyses. 
OsGRAM family genes are some of the most important in the plant growth and 
development under stress conditions, and it was demonstrated in rice under an 
array of stress situations, including salt. The plants inoculated with B. amyloliquefa-
ciens SN13 showed overexpression of these genes [95].

Regarding heavy metal stress, one of the main genes expressed or repressed in 
plants is genes of transporters [96]. In the case of cadmium, Tatm20 gene codifies 
a transmembrane transport that is expressed in the presence of Cd in wheat. When 
wheat plants were inoculated with Azospirillum brasilense, this gene was expressed 
much less than in the absence of the inoculation suggesting that A. brasilense helps 
plants to decrease Cd uptake and accumulation [97]. In this study, we also studied 
the expression of TasSOS1 gene involving in keeping the plant cell homeostasis 
in the presence of high salt concentrations. In contrast to Tatm20 gene, TasSOS1 
is overexpressed in inoculated plants under salinity stress. This overexpression 
maintains the homeostasis in plants and makes plant more tolerant to salt excess 
[97]. In M. sativa plants grown under heavy metal conditions, the genes involved in 
the phytochelatins synthesis were overexpressed in inoculated plants helping plant 
to detoxify and to grow in the presence of this stress. Moreover, the expression of 
glutathione reductase was improved by bacteria, so inoculated plants keep the redox 
status under heavy metal conditions [41]. Other examples are Bacillus altitudinis 
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chitinase and protects A. hypogea against Fusarium oxysporum f. sp. cubense under 
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resistance (ASR) [56]. ISR is a physiological state of defensive capacity that plants 
present in response to an environmental stimulus [43] in which nonpathogenic 
microorganisms, including various PGPB, reduce the negative effects of pathogens 
of plants by activating a resistance mechanism without the need to target a specific 
pathogen and can develop this resistance in response to infection by pathogens, to 
attack by insects, or to a chemical treatment [42].

To stimulate this defensive response mechanism, the ISR uses phytohormones as 
jasmonic acid (JA) and ethylene (ET) that act as signaling molecules [64], although 
it has been shown that some organelles (such as flagella) and bacterial molecules 
(such as lipopolysaccharides of the outer membrane or antibiotics produced by 
bacteria) can also act as inducing agents activating ISR and generating a rapid 
accumulation of pathogenesis-related enzymes such as chitinase, β-1,3-glucanase, 
peroxidase, or liases, among others [85]. It is important to note that the ISR pre-
pares plant to fight the pathogen with an improved defense [56]. A clear example of 
the ISR elicitor is the effect of Bradyrhizobium japonicum in soybean crops, where 
systemic redox changes are induced in plants [86]. The induction of ISR by Bacillus 
sp. CHEP5 and Bradyrhizobium sp. SEMIA 6144 in peanut plants against S. rolfsii 
also has been demonstrated [87]. However, this microbial induction could be lim-
ited by abiotic stress like the ISR induction of B. amyloliquefaciens S499 in different 
crops under heat and drought conditions where the response against Botrytis cinerea 
infection was prejudiced [88].

2.2.4 Quorum sensing

Quorum sensing (QS) is a mechanism of genetic regulation in response to cell 
density mediated by small self-inducing molecules, which are usually secreted out 
of bacterial cells and act as chemical signals produced by an increase in the cell 
population. These molecules cause an alteration in bacterial metabolism by activat-
ing different sets of genes [89], so that similar bacteria that live in communities 
and are close to each other will begin to act in a coordinated way. The level of the 
autoinductors increases proportionally to the population of bacterial cells until it 

Microorganism Host plant Enzyme Phytopathogen References

B. licheniformis A2 A. hypogea Chitinase F. oxysporum f. sp. 
cubense

[84]

Bacillus altitudinis 
BRHS/S-73

V. radiata Chitinase and 
protease

Thanatephorus 
cucumeris

[90]

B. subtilis DSM1088, 
P. fluorescens ATCC13525 
and Glommus spp.

P. vulgaris Chitinase, 
peroxidase and 
polyphenol oxidase

Sclerotium rolfsii [91]

Table 5. 
Lytic enzymes produced by PGPR and their effect on biocontrol of legume phytopathogens.
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exceeds a defined threshold level (quorum) where it binds to bacterial cell receptors 
and triggers a signal transduction cascade leading to changes in the expression of 
bacterial genes by the action of a group of cells [42].

There are numerous bacterial signaling molecules among which the acyl-homo-
serine lactone (AHL) produced by Gram-negative bacteria consisting of a common 
lactone homo resin residue and an acyl chain that can vary between 4 and 18 carbon 
atoms. There are more than 100 species of proteobacteria that produce AHL, and 
three types of enzymes are known (LuxI, LuxM, and HdtS) capable of synthesizing 
AHL in vivo. Degradation of AHL can be carried out by various enzymes as is the 
case of the AHL lactonase that breaks the ester linkage of the lactose ring of the 
AHL to form N-acyl homoserine reversibly [92]. Most of these signal molecules 
are of the bacterial origin: Bacillus spp., Klebsiella pneumoniae KTCTC2241, or 
Rhizobium sp. NGR23 [93]. The detection of this bacterial communication system 
is interrupted by PGPB, thus preventing pathogen infection through immune 
responses and preventing plant growth inhibition [94].

3.  Molecular mechanisms in the bacteria-plant interactions under 
abiotic stress

In spite of the abundant literature available on the improvement of plant growth 
and crop productivity using bacteria under abiotic stress conditions, the molecular 
mechanisms involved in these interactions remain elusive so far. This area has been 
studied by some authors to try to understand what changes bacteria elicit on plant 
gene expression finally leading to enhance the plant resilience to environmental 
stress. There are not many studies about genes involved in the plant-bacteria inter-
actions, particularly in legumes, but in this section, some examples of these studies 
are exposed.

Plants have several mechanisms to adapt in the presence of any stress, whose 
genes are involved in the regulation of transporters, phytochelatins, glutathione 
reductase, phytohormones, oxidative stress reduction, phenolic compound, osmo-
lytes, and low molecular weight organic acids, among others, and the bacteria role 
either expressing or repressing these genes has been investigated using real-time 
quantitative PCR, RNA Seq, and metabolomic and/or transcriptomic analyses. 
OsGRAM family genes are some of the most important in the plant growth and 
development under stress conditions, and it was demonstrated in rice under an 
array of stress situations, including salt. The plants inoculated with B. amyloliquefa-
ciens SN13 showed overexpression of these genes [95].

Regarding heavy metal stress, one of the main genes expressed or repressed in 
plants is genes of transporters [96]. In the case of cadmium, Tatm20 gene codifies 
a transmembrane transport that is expressed in the presence of Cd in wheat. When 
wheat plants were inoculated with Azospirillum brasilense, this gene was expressed 
much less than in the absence of the inoculation suggesting that A. brasilense helps 
plants to decrease Cd uptake and accumulation [97]. In this study, we also studied 
the expression of TasSOS1 gene involving in keeping the plant cell homeostasis 
in the presence of high salt concentrations. In contrast to Tatm20 gene, TasSOS1 
is overexpressed in inoculated plants under salinity stress. This overexpression 
maintains the homeostasis in plants and makes plant more tolerant to salt excess 
[97]. In M. sativa plants grown under heavy metal conditions, the genes involved in 
the phytochelatins synthesis were overexpressed in inoculated plants helping plant 
to detoxify and to grow in the presence of this stress. Moreover, the expression of 
glutathione reductase was improved by bacteria, so inoculated plants keep the redox 
status under heavy metal conditions [41]. Other examples are Bacillus altitudinis 
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FD48 that modules the expression of some genes involved in the synthesis of auxins 
improving root elongation in rice [98] and Pseudomonas aeruginosa and Burkholderia 
gladioli that reduced the expression of CAT, GR, GPOX, APOX, and GST genes in 
the presence of Cd stress in Lycopersicon esculentum plants modulating their antioxi-
dative response [98]. P. aeruginosa and Bacillus gladioli also elevated the expression 
of phenolic compound, osmolytes, and molecular weight organic acid (citric acid, 
malic acid, fumaric acid, and succinic acid) genes, decreasing the physiological 
damage of Solanum lycopersicum plants under Cd toxicity [98].

A global transcriptomic analysis was carried in inoculated Medicago truncatula 
plants grown in the presence of arsenic and inoculated with an arsenic-resistant 
rhizobial strain. The results showed the overexpression of some defense genes in 
the inoculated plants (sulfur metabolism, several enzymes of the phytochelatins 
synthesis pathway, proline, heat shock proteins, and several transcription factors). 
Besides, secondary metabolism, isoflavonoids and phenylpropanoids, were acti-
vated. In contrast, the genes of nodulation were downregulated, particularly those 
involved in the early stages of the interaction [99, 100].

Under drought environments, P. putida MTCC5279 modulates the stress in 
plants of Cicer arietinum by the overexpression of ACO and ACS (involved in the 
synthesis of ethylene); PR1 (synthesis of salicylic acid); MYC2 (synthesis of jasmo-
nate); SOD, CAT, APX, and GST (genes that codify the antioxidative enzymes in 
plants); DREB1A (response element to dehydration); LEA and DHN (dehydrins); 
and NAC1 (transcription factors expressed under abiotic stress) genes [101]. In 
plants of sorghum inoculated with rhizobacterial endophytes, proline (a crucial 
molecule of maintaining the cellular functions under drought) accumulation was 
higher than in the noninoculated plants because bacteria induce the overexpression 
of sbP5CS2 (pyrroline-5-carboxylate synthase 2) and sbP5CS1 (pyrroline-5-carbox-
ylate synthase 1) genes under drought stress [102]. This fact also was demonstrated 
in inoculated chickpea plants, where proline was accumulated by plants under 
drought conditions besides histidine, citrulline, and threonine [103].

Finally, the molecular mechanisms for plant alleviation in salt stress by bacteria 
are also reported by some authors. A transcriptome of rice plants inoculated with 
Bacillus amyloliquefaciens SN13 showed that the bacterial inoculation alters gene 
expression under salt stress. For example, genes of phytohormones, flavonoids, 
or photosynthesis are found in higher number in inoculated plants [104]. Other 
example is the inoculation of wheat with Dietzia natrolimnaea that causes an over-
expression of genes involved in the ABA signaling cascade and in the salt sensitive 
pathway among others [105].

Recently, some authors have studied the miRNAs induced by PGPR as a 
 possibility to regulate the stress in plants [106, 107]. miRNAs are RNA molecules of 
20–24 nucleotides that do not codify proteins, and they get bound to mRNA or any 
transcriptional factor, regulating the expression of the target gene. However, the 
only study about miRNAs was performed in chickpea plants under drought stress, 
where plants were inoculated with Pseudomonas putida RA, and this  inoculation 
improves plants adaptation to drought conditions through the regulations of 
miRNA expression [108].

4. Conclusions and future perspectives

One of the main problems of the rapid increase in the world’s population lies in 
the challenge of having the necessary food for global supply, but the climate change 
and the pollution decrease the number of the agricultural soil, so a possible solution 
would be to encourage more widespread use of PGPB. The evidence that PGPR 
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promote the plant growth under stress environments is becoming increasingly 
true, being even more focused on the study of individual mechanisms than their 
combined mechanisms, which is why new paths are being opened toward the use 
of mixed inoculants that act jointly acquiring faster and improving results. There 
are also investigations in the area of genetics and molecular biology, where studies 
are being carried out based on the discovery of specific genes capable of motivat-
ing greater plant development as well as in the field of nanotechnology where 
nanoencapsulation and microencapsulation offer an alternative to produce effective 
formulations against pest control. However, this area needs more investigations 
and funding to solve the lack of development of new and better storage, shipping, 
formulation and application techniques of these PGPR, and the development of 
effective and consistent regulations regarding their use. In this way, the agricultural 
practice in degraded soils could become an effective and sustainable practice for the 
benefit of all.
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Abstract

The plant Mucuna is an annual climbing shrub with long vines that can reach 
over fifteen meters in length. About 100–150 Mucuna species are found in the 
tropic and subtropic regions of both hemispheres of the earth. The genus Mucuna 
belongs to the family Leguminosae. It is commonly known as Kewanch, velvet 
bean, cowhage and kappikachhu and is found widely in India as a hardy, herba-
ceous, vigorous, twining annual plant. The size and dimension of the Mucuna 
seeds, pods, platelets and leaves change from species to species. The hair present 
on pods is anthelmintic, which causes itching. People are seeking great attention 
towards Mucuna due to its several medicinal properties, including L-DOPA (L-3, 
4-dihydroxyphenylalanine) along with supplementary antioxidants that are used 
for treating Parkinson’s disease and many neurodegenerative diseases. Thus it is 
being used in about 200 medicinal formulations. The current chapter outlines the 
work that determines the influence of different nutritional, anti-nutritional and 
medicinal values and bioactive agents from different parts of the Mucuna species 
present in India and its importance in medicine.

Keywords: Legumes, Mucuna, Parkinson's disease, l-dopa, antioxidants

1. Introduction

Mucuna is a valuable genus of Leguminosae family; it has tremendous value 
in food and medicine. The genus Mucuna originated in Eastern India and China 
and then was transferred throughout tropical and subtropical regions of the world 
creating new populations [1]. Traditionally, Mucuna is known by different names 
including beans, buffalo beans, dopa bean, cowitch, kappikachhu and atmagupta. 
Out of 100 Mucuna species found worldwide, 8 species and 3 varieties of Mucuna 
are predominantly found in different localities of India [1–4]. The Mucuna plant 
is an annual perennial climbing shrub with long vines having a length of 15–25 m 
with trifoliate leaves and yielding long inflorescences with purple or pale yellow 
flowers. They produce green or brown pods covered with rigid hair, which causes 
intense itching [5]. Pods contain four to six ellipsoidal-shaped seeds that are rich 
dark brown or blotched [6] varying from species to species. Mucuna seeds are a 
rich source of nutritional, antinutritional and phytochemical compounds con-
taining l-dopa as a prime constituent [7]. The content of l-dopa varies between 
from species to species and locality to locality. Among them, M. pruriens is the 
most exploited species as a remedy against Parkinson’s disease [8]. Due to huge 
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Mucuna is a valuable genus of Leguminosae family; it has tremendous value 
in food and medicine. The genus Mucuna originated in Eastern India and China 
and then was transferred throughout tropical and subtropical regions of the world 
creating new populations [1]. Traditionally, Mucuna is known by different names 
including beans, buffalo beans, dopa bean, cowitch, kappikachhu and atmagupta. 
Out of 100 Mucuna species found worldwide, 8 species and 3 varieties of Mucuna 
are predominantly found in different localities of India [1–4]. The Mucuna plant 
is an annual perennial climbing shrub with long vines having a length of 15–25 m 
with trifoliate leaves and yielding long inflorescences with purple or pale yellow 
flowers. They produce green or brown pods covered with rigid hair, which causes 
intense itching [5]. Pods contain four to six ellipsoidal-shaped seeds that are rich 
dark brown or blotched [6] varying from species to species. Mucuna seeds are a 
rich source of nutritional, antinutritional and phytochemical compounds con-
taining l-dopa as a prime constituent [7]. The content of l-dopa varies between 
from species to species and locality to locality. Among them, M. pruriens is the 
most exploited species as a remedy against Parkinson’s disease [8]. Due to huge 
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international and national trade price and scarcity of M. pruriens, other Mucuna 
species are reported to be adulterants for M. pruriens.

Ancient reports of Ayurveda suggest that Mucuna seed powder contributes 
in reducing the risks of certain cardiovascular diseases and neurodegenerative 
disease and also as a remedy for snake bite. The seeds of Mucuna have gained 
increasing attention among food scientists, nutrition specialists and pharma-
ceutical expertise due to their rich source of antioxidant, phenolic, flavonoids, 
l-dopa, proteins, starch, micronutrients, dietary fiber and bioactive compounds 
that play a pronounced role in the traditional as well as modern medicine all over 
the world [9, 10]. The existing scenario shows ten reported Mucuna species that 
were studied recently by Pulikkalpura et al., from the Indian subcontinent [11], 
whereas Patil et al., also collected fourteen different species of Mucuna from 
various localities and further studied for their l-dopa content (anti-Parkinson’s 
activity) [6, 12].

Mucuna grows best under moist, warm conditions and in areas with plenteous 
rainfall. It can propagate in any type of soil but sandy lome soil is mostly favor-
able with pH of 5.5–7.5. Several researchers have investigated different species 
having typical characteristics like size and shape of bracts, leaflets and pods, 
color, thickness, density as well as number of seeds in pod and flower, respec-
tively [6]. The evaluation of genetic-level studies of Mucuna species from India 
was also carried out using inter-simple sequence repeat markers and randomly 
amplified polymorphic DNA [13]. The seeds show tolerance against different 
abiotic stress including low soil fertility and acidic pH and also grow in wet soils 
(Duke, 1981). Similar to different species, Mucuna also has 2n = 2x = 22 number 
of chromosomes with genome size ranging between 1281 and 1361 Mbp/C [14]. 
Due to wild fluctuating climatic and geographical distribution, these species 
show gigantic diversity in phenotype in the Indian subcontinent. Corresponding 
to the family Leguminosae, it also has the ability of atmospheric nitrogen fixation. 
It is also grown for the potential utility in animal feed and human food due to its 
rich source of nutritional content [15, 16]. Thus, it was consumed universally for 
the treatment of Parkinson’s disease. Traditionally, in Ayurvedic science, Mucuna 
(velvet bean) plant is widely used to treat numerous diseases including parkin-
sonism [17–21] due to its l-dopa content as one of the principal constituents 
[9]. All parts of Mucuna have a great medicinal value in the ancient traditional 
medicinal system, and hence, it has a prodigious demand in the international and 
the Indian market [7, 22].

Mucuna is a superb source of protein and bioactive compounds that have 
increased consumption per capita after being considered as a functional food 
by the US [23]. The previous literature survey shows that the declining occur-
rence of numerous long-lasting disorders, namely neurological disorder, 
cardiovascular diseases, diabetes, obesity and cancer, has a positive correlation 
with the consumption of legume seeds [24]. Considering all the evident health 
profits, studying its bioactive compounds is of great importance. Among all the 
under-utilized Mucuna species, normally available and commonly used Mucuna 
pruriens seeds were studied enormously and have been reported in numerous of 
articles published till date. To avoid the burden on commonly available and used 
Mucuna Purience, various researchers are studying bioactive components and 
the use of other Mucuna species like M. imbracata, M. bracteata, M. monosperma, 
M. macrocarpa, M. sanjappae, M. atropurpurea, M. nigricans, M. gigantea, M. 
pruriens var hirsuta, M. laticifera, M. yadaviana, etc. in the treatment of various 
diseases [5–7, 9, 11–14, 17, 20, 22, 25–34]. Phytochemistry, toxilogicalogycal and 
food potential on the Mucuna species under study in the world were described by 
Lorenzetti et al. [35].
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2. Bioactive compounds from various parts of Mucuna species

2.1 Bioactive compounds from seeds of Mucuna

Seeds of Mucuna are commonly used part of the plant, which are a rich source of 
nutritional and anti-nutritional compounds like l-dopa (anti-Parkinson’s activity), 
antioxidants, phenolic, flavonoids, tannin, carbohydrates, starch, protein, micronu-
trients Sopanines and many more [9, 12, 26]. Antioxidant activities in this plant are 
mainly due to phenolic and various bioactive compounds present in the seed material 
[36, 37]. There are various extraction techniques, different solvents and processing 
methods that were used to extract the biologically active compounds from the seed 
of Mucuna [26, 31]. The prior study reports that M. macrocarpa, M. sanjappae and 
M. atropurpurea disclosed a higher level of l-dopa content, which also concludes 
that l-dopa content has a positive correlation to the protein content of seeds [12]. 
These high-yielding varieties of Mucuna can be commercially cultivated, which 
can thus serve to be a good option to lower the burden exerted on commonly used 
M. prurience variety [28]. LCMS analysis of four different species demonstrates the 
presence of diverse group of phenolics, alkaloids, flavonoids, different derivatives of 
gallic acid, l-dopa, catechin, alkaloids, quercetin, tannic acid, glycosides, saponins, 
tubastatin and a variety of amino acids in the seed extract [38]. Apart from that, it 
is also concluded that few anticancer compounds like Spergualin, sanggenon G, 
isopentenyl adenosine and spisulosine are also present in the seed extract [28, 38].

2.2 Bioactive compounds from leaves and roots of Mucuna

The root extract of Mucuna has various activities like stimulant, thermogenic, 
purgative, emollient, diuretic anthelmintic, emmenagogue and tonic; hence, they 
are used in the vitiated circumstances in Veda and Ayurveda [39]. l-Dopa content 
of leaves and roots is as much as 1% and 4–7% in Mucuna plant [40]. Mucuna plants 
release secondary chemical compounds called allelochemical in the form of l-3,4-di-
hydroxyphenylalanine (l-dopa) in the surrounding environment which show an 
impact on growth of nearby plants, either negatively or positively. These substances 
are produced through its roots, seeds or leaves [41]. These secondary chemical agents 
play a role in damaging root growth, terminating seedling growth, inhibiting plant-
let growth or suppressing seed germination of other plants [42]. Plant-box bioassay 
explains that the secondary chemical compound produced from the root of Mucuna 
is l-dopa [40], which affects the cell and root of various plant seedlings [41]. Leaf 
extracts are used to treat various complications like Anticataleptic, antiepileptic, 
aphrodisiac, antimicrobial, tonic and ulcers are some applications in which Mucuna 
leaves were reported being used previously [8, 20, 43, 44].

2.3 Bioactive compounds from callus of Mucuna

Production of callus from Mucuna plant material is a new era in the advancement 
of biochemical engineering and industrial biotechnology, which has the potential 
to produce different biologically active agents from the explant [45, 46]. Their 
application in cost-effective industrially important product formation is helpful for 
humankind, which upshots effective drug formulations and upsurges the nutritional 
level of food [47, 48]. l-Dopa is a major component in different parts of Mucuna 
species [9]. This also helps in storing germplasm of endangered species, which in 
turn leads to regenerate new plantlets at any time. Production of callus from Mucuna 
species was done previously by the researcher at the lab scale [49]. An earlier study 
by Chattopadhyay et al. depicted the formation of callus culture of commonly used 
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hydroxyphenylalanine (l-dopa) in the surrounding environment which show an 
impact on growth of nearby plants, either negatively or positively. These substances 
are produced through its roots, seeds or leaves [41]. These secondary chemical agents 
play a role in damaging root growth, terminating seedling growth, inhibiting plant-
let growth or suppressing seed germination of other plants [42]. Plant-box bioassay 
explains that the secondary chemical compound produced from the root of Mucuna 
is l-dopa [40], which affects the cell and root of various plant seedlings [41]. Leaf 
extracts are used to treat various complications like Anticataleptic, antiepileptic, 
aphrodisiac, antimicrobial, tonic and ulcers are some applications in which Mucuna 
leaves were reported being used previously [8, 20, 43, 44].

2.3 Bioactive compounds from callus of Mucuna

Production of callus from Mucuna plant material is a new era in the advancement 
of biochemical engineering and industrial biotechnology, which has the potential 
to produce different biologically active agents from the explant [45, 46]. Their 
application in cost-effective industrially important product formation is helpful for 
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Legume Crops - Prospects, Production and Uses

138

Mucuna pruriens [50]. Media containing various concentrations of media compo-
nents affects biologically active chemicals and growth of the callus [51, 52]. The use 
of different elicitors and precursors are studied by Nandeo and Patel et al. [53, 54]. 
Implementation of precursor in the media of callus enhances the phenolic content as 
reported in prior studies. The percentage of phenolic is greater in callus culture than 
in seeds, which is very helpful for industrial production [55, 56].

2.4 Bioactive compounds from cell suspension of Mucuna

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are stress-pro-
ducing free radicals, but at usual level perform an important part in the physiology of 
the body [57] to accommodate the massive demands for l-dopa and other secondary 
metabolites. In vitro production of biologically active compounds from suspension 
culture is predominantly studied before in Mucuna plant by Chattopadhyay et al. 
[50]. The use of mevalonic acid and its precursor gibberellic acid affect the growth. 
l-Dopa in callus exhibits a declining trend in fresh weight with a rise in concentra-
tion of l-dopa as shown by Desai et al. [52]. The comparative study of production of 
l-dopa from cell suspension culture and effect of elicitor on two different species like 
Mucuna pruriens L. and Mucuna prurita H were also done previously [58]. Large-
scale production of phytochemicals and l-dopa was done from Mucuna pruriens L. 
Commercial production of the drugs (l-dopa), phenolic flavonoids and antioxidants 
using cell suspension cultures is in extensive practice nowadays.

3.  Use of different bioactive compounds from Mucuna in various 
application

3.1 Antioxidant activity of Mucuna species

Numerous studies on antioxidant activity and phytoconstituents content of 
Mucuna seeds, leaves and roots were performed previously [4, 7, 19, 30, 31, 59–62]. 
Optimization of different solvents for the extraction of antioxidants was done by 
Aware and Patil et al. [9, 10, 26]. They concluded that depending on solubility of 
antioxidant compounds present in different species of Mucuna, concentration of 
antioxidants differs. Most commonly, ethanolic extract of Mucuna shows good 
antioxidant activity due to high phenolic content [43]. Some reports also conclude 
that water is a universal solvent, which shows significant quantity of phenolic, 
flavonoids and strong antioxidants that can scavenge free radicals using different 
assays. Diseases like neurodegenerative diseases, cardiovascular diseases, aging, 
cancer, rheumatoid arthritis and inflammation are caused by oxidative stresses, 
which are protected by ROS and RNS [60]. LCMS report of four different species 
of Mucuna determines the presence of various components like phenolic, flavo-
noids and bioactive compounds, which are responsible for production of reactive 
species [38].

3.2 Antimicrobial activity of Mucuna species

There are several compounds in Mucuna that contribute for the antimicrobial 
activity as reported in a previous study [38, 43]. These compounds are responsible 
for the treatment of various infectious diseases and ulcers [63]. The study on 
various plant pathogens suggests that methanolic extract of Mucuna pruriens seeds 
showed highest antimicrobial activity [64] from all used solvents. A similar type 
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of study was done by Pujari et al., who concluded that methanol extract of seeds of 
Mucuna pruriens was found to impart the best inhibiting activity among all scruti-
nized pathogens as compared to ethanol and acetone solvents. But alcoholic extract 
of Mucuna pruriens (L.) leaves has significant antioxidant and antibacterial activity, 
which has strongly recommended the use of Mucuna leaves and seed extract in 
traditional as well as modern medicine [65].

3.3 Protective effect against snake venom

Snakebite kills countless people annually since ancient days [66]. Various reports 
show the cross-reactivity between the enzyme of snake venom and protein from 
Mucuna, which determines the activity of Mucuna against snake venom [32, 67–69]. 
Betancur et al. in their review on therapeutics of antisnake venom explain the effec-
tiveness of herbal plants, which act as coadjuvants and thus help to nullify the venom 
toxic action [68]. In recent literature, Kasturiratne et al. studied the global scenario 
of snakebite and deaths. They also elucidate that various traditional medicines were 
sometimes preferred with western drugs [70]. The protective effect of Mucuna in a 
study on mice or rat models proves that it has a good activity for curing snake bite, 
than few reported antivenom [71, 72].

3.4 Anti-Parkinson’s activity of Mucuna species

Parkinson’s disease (PD) was initially discovered by Dr. James Parkinson in 1817. 
It is a chronic neurological disorder triggered by a progressive loss of dopaminergic 
neurons present in the nigrostriatal part of the brain and found to be common in 
the US [73]. The major signs of the disease are complications in body movements, 
speaking, walking and many more complications arise as the disease progresses. 
Anti-Parkinson’s potential of Mucuna is well known from ancient times due to its 
l-dopa content [7, 74]. l-Dopa is a precursor of dopamine used in the treatment of 
neurodegenerative disorders. Various scientists studied the potential of Mucuna 
to produce l-dopa as a source of anti-Parkinson’s drug [8, 19, 75]. l-Dopa with 
other phytochemical compounds has a cumulative effect on the management of 
Parkinson’s disease. Patil et al. describe that there is a correlation among the l-dopa, 
protein and carbohydrate content [12]. Mucuna is a rich source of antioxidant 
compounds, which performs a very important role in the physiology of the body 
mainly functioning in the inhibition of damage occurred because of free radicals 
[76]. There are hundreds of compounds that function as antioxidants in the plant 
system mainly vitamins, polyphenols, enzymes, flavonoids and metals like zinc, 
selenium, etc. [77]. The efficiency of the use of l-dopa and another dopaminergic 
agent in the treatment of Parkinson’s disease is reviewed previously by Koller and 
Rueda [78]. The use of plants for the treatment is more beneficial than chemically 
manufactured medicines due to their infinitesimal occurrence of secondary compli-
cations by routine use and economical feasibility.

3.5 Use of Mucuna species in soil fertility

Cover crops have a role in the nitrogen-fixing bacteria and improvement of soil 
fertility by restoration of soil nutrients. Enormous use of chemical fertilizer and 
water in soil makes soil infertile, to overcome this problem, farmers are implement-
ing traditional methods to enhance soil fertility. Mucuna is one of the best examples 
of a cover crop that has a rich source of biological natural products, which will 
increase the enhance soil fertility and fix atmospheric nitrogen [35].
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4. Conclusion

Mucuna is a medicinally and biochemically valuable plant used from ancient 
days, having a large market value due to the presence of a large number of bioactive 
compounds. The content of phytochemical compounds and other bioactive agents 
present in Mucuna fluctuates from species to species. l-Dopa is a chiefly present 
amino acid found abundantly in Mucuna plant, which is used for the treatment 
of Parkinson’s disease. It also contains a great amount of phenolics, flavonoids 
and antioxidants, which play a role in releasing oxidative stress. It also acts as a 
protein-rich diet. Due to all these properties, Mucuna has several applications in the 
pharmaceutical and food industries thereby uplifting the demand of Mucuna in day 
to day life.
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Chapter 9

Hedysarum Species from Caucasus
Serebryanaya Fatima and Imachueva Djavgarat

Abstract

In the complex pharmacognostic studies of three species of the genus
Hedysarum L., we have developed a method for quantitative determination by UV
spectrophotometry, HPLC, and capillary electrophoresis of the sum of xanthones in
terms of mangiferin. The technique takes into account the basic physicochemical
properties of xanthones; is characterized by reproducibility, high accuracy, and
simplicity; and allows conducting both a screening assessment of various raw
materials containing mangiferin derivatives and standardization of the prepared
vegetable raw materials. The developed methods are tested on the aboveground
organs of Hedysarum species, which are collected and dried by taking into account
the rules and requirements for the preparation of medicinal raw materials. As a
result, it was found that the greatest quantitative content of the sum of xanthones in
terms of mangiferin is distinguished by the grass H. caucasicum M. Bieb.
(0.62 � 0.021%). For the first time, morphological-anatomical diagnostic signs of
the species Hedysarum caucasicum M. Bieb., Hedysarum daghestanicum Rupr. ex
Boiss., Hedysarum grandiflorum Pall. are necessary for standardization of medicinal
vegetal raw materials. The results show the prospect of further investigation of
Hedysarum as an additional source of mangiferin.

Keywords: Hedysarum, xanthones, mangiferine, antiviral therapy

1. Introduction

To improve modern pharmacy, the study of biologically active substances
exhibiting specific pharmacological activity from the natural raw materials of plant
origin is of obvious interest. In our time, the problem of obtaining antiviral and
antibacterial agents of plant origin is especially acute. At the moment, the problem
of chronic recurrent viral diseases is very relevant. According to WHO data, about
67% of the world’s population suffer from diseases of various organs and systems
caused by the Herpes simplex virus.

Mangiferin (2-C-β-D-glucopyranosyl-1,3,6,7-tetraoxyxanthone) belongs to the
group of xanthones proper, is the most widespread representative of C-glycosides,
and has antiviral and antibacterial properties (Figure 1).

In species of the genus Hedysarum, Fabaceae, xanthones, namely mangiferin, are
the main group of biologically active substances. Russian scientists have developed
an antiviral drug Alpizarin, from H. alpinum L. and H. flavescens Regel & Schmalh,
the active substance of which is mangiferin, which has an antiviral activity against
DNA-containing viruses (Herpes simplex, Varicella zoster, Cytomegalovirus),
immunostimulating properties, and a bacteriostatic effect on Gram-positive and
Gram-negative bacteria. VILAR (Russia) produces this in two forms of production
“Alpizarin ointment” and “Alpizarin tablets.” In addition to domestic drugs, the
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Gram-negative bacteria. VILAR (Russia) produces this in two forms of production
“Alpizarin ointment” and “Alpizarin tablets.” In addition to domestic drugs, the
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foreign antiviral drug Mangogerpin (BV Pharma, Vietnam) is known, which also
has two forms of release: tablets and ointment, the active substance of which is
mangiferin.

There is a need to expand the raw material base for the production of broad-
spectrum antiviral drugs. In this regard, a comprehensive analysis, taking into
account the features of growth, biological characteristics, chemical composition,
and known pharmacological properties, will make it possible to substantiate the
directions of their rational use as well as the creation of additional domestic raw
materials of mangiferin as a known antiviral drug based on medicinal plant raw
materials. Thus, the study of species of the following genus is promising: Hedysarum
L., Hedysarum caucasicum M. Bieb., Hedysarum grandiflorum Pall., and Hedysarum
daghestanicum Rupr. ex Boiss., which are growing in the North Caucasus as addi-
tional raw materials for mangiferin.

The purpose of our work is to study plants of species of the genus Hedysarum L.,
including Hedysarum caucasicum M. Bieb., Hedysarum daghestanicum Rupr. ex
Boiss., and Hedysarum grandiflorum Pall., as additional raw materials for
mangiferin.

To achieve this goal, it is advisable to achieve the following objectives:

• Conduct a comparative morphological-anatomical study of these species of the
genus Hedysarum L. (Hedysarum caucasicum M. Bieb., Hedysarum
daghestanicum Rupr. ex Boiss., and Hedysarum grandiflorum Pall.) and identify
the main morphological-anatomical diagnostic features.

• Develop an effective procedure for quantifying the sum of xanthones in terms
of mangiferin from these species of the genus Hedysarum L., by methods of UV
spectrophotometry, capillary electrophoresis, and high-performance liquid
chromatography.

The family Fabaceae Lindl. (legumes) has about 650 genera and over 18,000
species, whose range of growth covers all continents of the globe. Within its range,
species of the legume family are characterized by a variety of habitats. Life-form of
members of the family Fabaceae Lindl.—perennial herbaceous plants, semiplants,
and rarely trees—there are tree or herbaceous lians [1]. The leaves are complex with
sills. The leaflet is next. Flowers are in finite or sinus brushes. The flowers are
zygomorphic, quite large, and bright. The near-wind is double, the cup is most
often actinomorphic, consists of five converged cups, and the crown consists of five
petals, two of which grow into a “boat,” one large—a “sail” and two small petals
—“vests” remain free. The android consists of 10 stamens, nine of which usually
grow together and one stamen remains free. Gynecium monocarpic tie the upper
one. The fruit of legumes is monocarpium, one-, two-, or multifamily legumes, very

Figure 1.
Mangiferin (2-C-β-D-glucopyranosyl-1,3,6,7-tetraoxyxanthone).
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diverse in morphological and anatomical features. Seeds are without endosperm or
with scant endosperm. Spare nutrients are deposited directly in the seed.

The genus Hedysarum L. combines about 285 species, which are predominantly
common in Eurasia. The genus Hedysarum is distributed mainly in the European
part, but some species are also found in Asia. H. caucasicum Bieb. grows in all
highland areas of the North Caucasus, including the Rocky Ridge, in the alpine belt,
up to 3500 m [2]. This species is endemic, growing on the highland meadows of the
Caucasus: in the pre-Caucasus, Western and Eastern Transcaucasia, in Daghestan. It
is described from the Caucasus type in Leningrad [1]. C. Linnaeus (1753) and B. A.
Fedchenko (1902) were engaged in cystematics of the species of Hedysarum L. The
species Hedysarum caucasicum Bieb we are investigating first was described in 1808
[3]. In the flora of Caucasus in 1873, the species was classified as H. obscurum var.
caucasicum Trautv. The origin of the name of this plant is related to the shape of the
fruit. Beans in appearance resemble coin meetings, and the Latin name Hedysarum
comes from the Greek words “hedys” aroma, which literally means pleasantly
smelling. Members of this genus are perennial herbs, shrubs, or semiplants of
seamless or stem-shortened plants. They grow both in forests and on raw meadows,
on riverbanks, and on alpine and subalpine meadows, on rocky sprouts, and in
steppes.

Stems are often highly branched, branching, and sometimes completely
undeveloped and the flower arrow comes out of shortened shoots developing at the
neck of the rhizome; leaves are unparalleled, common: 5–9-paired, less common:
1–3-paired or even consisting of just one unparalleled leaf (Figure 2). The genus is
characterized by simple botrioid flowers—brushes; the cup is bell-shaped, its teeth
are search-and-take longer than the tube; the crown exceeds the cup; and wings are
slightly or two times shorter than a boat, less often longer than it. The beans are
artenic, and sometimes part of the seed does not develop and the bob consists of 1–3
artens; sprouts are flat-compressed or slightly convex, smooth, bare, or more often
dried, mesh or with transverse ribs, often shrunk with short or longer bristles.

According to Flora of the USSR, in the Hedysarum caucasicum Bieb.—a plant 30–
60 cm high, the stems are straight or ascending, not shortened, olfactory; and the
leaves are 7- are 12-pairs, elliptical or egg-like long-lasting-watt, with sharpness at
the top, 12–16 mm long, 7–9 mm wide. Flowers (without brush) are longer than
leaves; brushes are not very thick, of 25–35 flowers; the lower tooth of the cup is
equal to the tube, the rest are shorter; and the crown is dark-magenta, 16–18 mm

Figure 2.
Species of Hedysarum from Caucasus (Russia).
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long. The fruit is a bob of 3–6 arthropods, naked or desiccated; the mushroom of the
bean is oblong-elliptical, and its edge is not wide.

The microstructure of the above-ground parts of some members of the
Hedysarum was studied by Ladygina et al. [4]. The features of the anatomical
structure of leaves of five species of Hedysarum from the section Gamotion Basin
were studied. These species containing mangiferin have been found to have bright
golden yellow fluorescence of epidermis cells, which can be used to detect
mangiferin directly in plant material [5].

We did not meet the information on the study of anatomical features of the
structure of the organs in the accessible literature. The onthogenesis of species
Hedysarum usually includes four periods and 10 age states. In the example of
H. austrosibiricum, age spectra can be divided into four types, which probably
reflect ecological-phytocenotic growth conditions [6].

During 3 years of life, alpine individuals undergo the following age conditions: in
the first year—seedlings, juvenile, immature, and more than 60% of individuals are
adult vegetative; in the second year, more than 90% of individuals enter a young
reproductive state; and in the third year, all individuals transition to a reproductive
state. Seeds of tested plants need pre-sowing treatment. Mechanical scarification
and treatment with concentrated sulfuric acid are the best ways to disrupt the rest
of both species [6–8].

The flowering phase of the Hedysarum caucasicum—the beginning and the mid-
dle of July, and the fruiting phase—the end of July—and the beginning of August
[1]. For the genus Hedysarum, the following set of chromosomes is characteristic:
14, 16, and 48. For Hedysarum caucasicum, the chromosome number is 14 [9].

2. Material and methods

The object of the study was the grass of Hedysarum caucasicum Bieb. family
legumes (Fabaceae), which were collected in the flowering phase on the southeast
slope of Mount Alibek at an altitude of 2200 m (Dombay District, Russia).

Freshly harvested and dried samples of raw materials of the species of the genus
Hedysarum L., including H. caucasicum M. Bieb., H. daghestanicum Rupr. ex Boiss.,
and H. grandiflorum Pall. were obtained (Table 1). The collected test raw materials
were dried without direct sunlight in the air.

Research methods: comparative morphological, ecological-geographical,
molecular-genetic, morphological-anatomical and histochemical, and phytochemi-
cal (UV-spectrophotometry, HPLC, chromato-mass spectrometry, capillary
electrophoresis).

Species № Geographical
coordinates

Altitude
above sea
level

Ecological and biological features
of growth

Hedysarum caucasicum
M. Bieb.

1. N—43°43046″,
E—42°53065”

2100 m Open moistened areas among large
boulders

2. N—40°30017″,
E—44°4000”

2200 m Southeastern slope of Alibek, gorge
of Mount Alibek

3. N—42°19032,21″,
E—47°09049,1”

1250 m Deep location of river valleys
between mountain spurs

Hedysarum
grandiflorum Pall.

4. N—49°45056″,
E—44°16016”

200 m Deep location of river valleys
between mountain spurs
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3. Methods for quantitative analysis of mangiferin

High-performance liquid chromatography, photocolorimetry, complexonometry,
and chromato spectrophotometry are most commonly used to quantify mangiferin
content in plant raw materials as well as biological fluids [10–15]. The
photocolorimetric definition of mangiferin in both the raw material and crystalline
powder has a number of advantages, such as shortening the analysis steps and
replacing the deficient vegetable, tetrahydrofuran, with dioxane. The method is
based on mangiferin’s ability to produce a complex compound with chlorine iron.
Mangiferin was determined from a calibration plot of the solution optical density
versus mangiferin concentration. When comparing spectrophotometric and
photocolorimetric methods, almost the same results were obtained [5, 10, 12, 16, 17].

As for the current method of high-performance liquid chromatography,
according to literature, separation of xanthone glycosides by HPLC method could
not be achieved on sorbents containing amino and cyano groups [7, 18–23]. The
best results were obtained on reverse phase С18 sorbents, and methanol-water,
ethanol-water, and acetonitrile-acetic acid were used as the mobile phase. In aque-
ous systems, the shape of the mangiferin peak deteriorated. To quantify mangiferin
in biological fluids, a sensitive reverse phase HPLC technique is proposed
[17, 24, 25].

The mobile phase was acetonitrile and a 3% CH3COOH solution at a ratio of
16:84 was chromatographed at a wavelength of 254 nm using an external standard
method [11, 26].

Furthermore, in the quantitative determination of mangiferin by HPLC, a sys-
tem consisting of acetonitrile, water, and phosphoric acid was used as the mobile
phase. The selected conditions allowed to achieve a clear separation of mangiferin
and isomangiferin peaks on chromatogram. In addition to the previous systems,
methanol, tetrahydrofuran, or acetonitrile, an aqueous solution of phosphoric acid
in various ratios are used as the mobile phase in HPLC gradient elution. Of the latest
techniques for the quantitative determination of mangiferin, liquid chromatogra-
phy followed by mass spectrometric determination was used, and the method is
characterized by speed and quality [27–30].

The chromate-spectrophotometric examination is based on sequential chroma-
tography and spectrophotometry. The raw material is treated with the following

Species № Geographical
coordinates

Altitude
above sea
level

Ecological and biological features
of growth

5. N—42°19032,21″,
E—47°09049,1”

1250 m Deep location of river valleys
between mountain spurs

Hedysarum
daghestanicum Rupr.
ex. Boiss.

6. N—42°38015,7″,
E—46°09045,8”

850 m Rocky-fine-brimmed steep slope of
northeastern exposition

7. N—42°41038,2″,
E—46°14027,2”

1100 m The slope of the southeast
exposition, steepness 30°

8. N—42°59032,9″,
E—46°54046,9”

460 m Steepened rocky-fine-crushed steep
section at the top of the slope

9. N—42°19032,21″,
E—47°09049,1”

1250 m Deep location of river valleys
between mountain spurs

Table 1.
List of objects of study with indication of ecological and biological features of growth.
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long. The fruit is a bob of 3–6 arthropods, naked or desiccated; the mushroom of the
bean is oblong-elliptical, and its edge is not wide.

The microstructure of the above-ground parts of some members of the
Hedysarum was studied by Ladygina et al. [4]. The features of the anatomical
structure of leaves of five species of Hedysarum from the section Gamotion Basin
were studied. These species containing mangiferin have been found to have bright
golden yellow fluorescence of epidermis cells, which can be used to detect
mangiferin directly in plant material [5].

We did not meet the information on the study of anatomical features of the
structure of the organs in the accessible literature. The onthogenesis of species
Hedysarum usually includes four periods and 10 age states. In the example of
H. austrosibiricum, age spectra can be divided into four types, which probably
reflect ecological-phytocenotic growth conditions [6].

During 3 years of life, alpine individuals undergo the following age conditions: in
the first year—seedlings, juvenile, immature, and more than 60% of individuals are
adult vegetative; in the second year, more than 90% of individuals enter a young
reproductive state; and in the third year, all individuals transition to a reproductive
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and treatment with concentrated sulfuric acid are the best ways to disrupt the rest
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The flowering phase of the Hedysarum caucasicum—the beginning and the mid-
dle of July, and the fruiting phase—the end of July—and the beginning of August
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2. Material and methods

The object of the study was the grass of Hedysarum caucasicum Bieb. family
legumes (Fabaceae), which were collected in the flowering phase on the southeast
slope of Mount Alibek at an altitude of 2200 m (Dombay District, Russia).

Freshly harvested and dried samples of raw materials of the species of the genus
Hedysarum L., including H. caucasicum M. Bieb., H. daghestanicum Rupr. ex Boiss.,
and H. grandiflorum Pall. were obtained (Table 1). The collected test raw materials
were dried without direct sunlight in the air.

Research methods: comparative morphological, ecological-geographical,
molecular-genetic, morphological-anatomical and histochemical, and phytochemi-
cal (UV-spectrophotometry, HPLC, chromato-mass spectrometry, capillary
electrophoresis).
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and chromato spectrophotometry are most commonly used to quantify mangiferin
content in plant raw materials as well as biological fluids [10–15]. The
photocolorimetric definition of mangiferin in both the raw material and crystalline
powder has a number of advantages, such as shortening the analysis steps and
replacing the deficient vegetable, tetrahydrofuran, with dioxane. The method is
based on mangiferin’s ability to produce a complex compound with chlorine iron.
Mangiferin was determined from a calibration plot of the solution optical density
versus mangiferin concentration. When comparing spectrophotometric and
photocolorimetric methods, almost the same results were obtained [5, 10, 12, 16, 17].

As for the current method of high-performance liquid chromatography,
according to literature, separation of xanthone glycosides by HPLC method could
not be achieved on sorbents containing amino and cyano groups [7, 18–23]. The
best results were obtained on reverse phase С18 sorbents, and methanol-water,
ethanol-water, and acetonitrile-acetic acid were used as the mobile phase. In aque-
ous systems, the shape of the mangiferin peak deteriorated. To quantify mangiferin
in biological fluids, a sensitive reverse phase HPLC technique is proposed
[17, 24, 25].

The mobile phase was acetonitrile and a 3% CH3COOH solution at a ratio of
16:84 was chromatographed at a wavelength of 254 nm using an external standard
method [11, 26].

Furthermore, in the quantitative determination of mangiferin by HPLC, a sys-
tem consisting of acetonitrile, water, and phosphoric acid was used as the mobile
phase. The selected conditions allowed to achieve a clear separation of mangiferin
and isomangiferin peaks on chromatogram. In addition to the previous systems,
methanol, tetrahydrofuran, or acetonitrile, an aqueous solution of phosphoric acid
in various ratios are used as the mobile phase in HPLC gradient elution. Of the latest
techniques for the quantitative determination of mangiferin, liquid chromatogra-
phy followed by mass spectrometric determination was used, and the method is
characterized by speed and quality [27–30].

The chromate-spectrophotometric examination is based on sequential chroma-
tography and spectrophotometry. The raw material is treated with the following
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extractant system—acetone:water in ratio 1:1 with acidification with 5%
hydrochloric acid followed by chromatography in the system with 15% acetic acid.
The eluation of the zones with mangiferin is preparing after viewing the chromato-
gram in UV light. The optical density of the solutions was measured at 372 nm. The
mangiferin content was calculated from the specific absorption index.

There are a number of intense absorption bands in the UV spectrum of
mangiferin. The most convenient to quantify a substance is a band with a maximum
at 369 nm and a specific absorption coefficient of 295 � 0.92. In the field of working
concentrations, the absorption of mangiferin solutions is subject to Lambert-Beer
law [23].

Analysis of literary sources has shown that the genus Hedysarum L. combines
about 285 species, which are predominantly common in Eurasia. H. caucasicum
Bieb. is endemic, growing in the highland meadows of the Caucasus. In a literary
search, it has been found that chemical study information relates mainly to H.
alpinum and H. flavescens. Information on the chemical study of H. caucasicum is
fragmented and insufficient. Plants of the genus Hedysarum are widely used in folk
and waitinal medicine, as an antibacterial, antiviral, immunomodulatory, and anti-
inflammatory agent [6, 8, 17, 26, 31–39]. The following methods of analysis are used
to identify and quantify the main active substances of xanthones: spectrophotome-
try, photocolorimetry, and chromatographic methods of analysis (TLC, HPLC, and
mass spectrometry) [40–42]. The study of theoretical bases of extraction of medic-
inal raw materials allows to find the optimal conditions of technology for creation of
medicinal forms on the basis of herbal of Caucasus.

4. Results

Morphological study: Life-form—a perennial herbaceous plant 40–50 cm high,
and underground organs reach 30 cm length. The escape is elongated, branched,
straight-standing, or raised. The number of leaflets located on rachis varies from 11
to 15. The leaves have an egg shape, a rounded base, a whole edge, and a spiky top.
Decaying of leaflets is insignificant. The flower is simple botriode, brush. The
flower is zygomorphic. The cup consists of five cups, a moth-type crown, and the
color of the petals is pink-purple. The android consists of nine converged tangles
and one free. Ginecey is monocarpal. Tie the top one. Fruit: according to morpho-
genetic classification of fruits, it refers to monocarp; according to morphological—
bob, flat, oblong in shape, and consists of rounded arthropods. Number of squads
range from 3 to 5.

The leaf is amphistomatic. The upper epidermal has weak and almost straight
anticline cell walls. The mouth is abnormal, surrounded usually by 3–5 near-oral
cells. Trichomes were not detected on the abaxial side of the leaf. The lower epi-
dermal has strong anticline cell walls. An anomocytic type oyster is surrounded by
usually 3–5 parotid cells. The embossing is formed by simple single-cell hairs located
either in the region of the veins or on the edge of the leaf plate. When considering
the sheet microreparation from the surface, rhombic calcium oxalate crystals
located in large veins are found. They form a characteristic crystalline lining of the
veins. On the cross section, the leaves have a characteristic dorsoventrale structure
(Figure 3).

The palisade mesophyll localizes only under the upper epidermis in one layer, its
cells are stretched, tightly pressed to each other. The mechanical fabric is a
collenchym which is located both under the upper and lower epidermis in the
region of the core. In the central part of the main core, there is a large collateral
conducting bundle, and from the dorsal side to the conducting bundle there is a
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sclerenchym of pericyclic origin. The leaflets are arranged on small cherries, which
have cylindrical shape on the cross section. The covering tissue of the cherry is
represented by an epidermal, under it there is a collenchym in 1–2 layers, and the
main volume occupies chlorenchyma. The collateral conducting bundle surrounded
by sclerenchym is located in central part of cut. The rachis at the bottom has a
grooved shape with a deep horseshoe spoon on the abaxial side. Collateral
conducting bundles of 6–8 are arranged in an arc-like manner. It is interesting that
idioblasts with yellow content are found in the phloem, in the pericyclic zone, and
in the parenchyma of the core adjacent to the xylem portion of the conductive
beam.

The stem has a polyhedral shape on the cross section. A cavity may form in the
central part of the stem. Under the epidermal continuous ring in 1–2 layers of cells,
there is a plate-type collenchym. In the projection regions, the number of layers of
collenchym cells increases to 5–7. Chlorenchym is located following collenchym in
discontinuous regions in 2–3 layers of cells. The pericyclic zone is represented by
sclerenchymal fibers arranged in discontinuous areas above the conducting beams.
Conducting system is of bundle type. Conducting beams are of open collateral type
in an amount of 14–16 (Figure 3).

The cambium forms secondary conductive beams and thick-walled parenchyma,
which is subsequently strongly ligated. Idioblasts are found, as in the cherry, in the
phloem part of the conducting beam, in the pericyclic zone, as well as in the
parenchyma of the core. The abovementioned micromorphological characteristics
of the above-ground organs of the Hedysarum caucasicum can be used in drawing up
regulatory documentation for the Hedysarum caucasicum grass as an additional raw
material source of xanthone glycoside mangiferin.

Figure 3.
Microscopic signs of the above-ground organs of Hedysarum caucasicum M. Bieb. (А) Hedysarum
daghestanicum Rupr. ex Boiss. (B) Hedysarum grandiflorum Pall. (C) 1. Transversal section of the stem in
the lower part; 2. transversal section of the leaf petiole in the lower part; 3. transverse slice of leaf plate; 4. the
adaxial epidermis of the leaf blade; and 5. the abaxial epidermis of the leaf blade.
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extractant system—acetone:water in ratio 1:1 with acidification with 5%
hydrochloric acid followed by chromatography in the system with 15% acetic acid.
The eluation of the zones with mangiferin is preparing after viewing the chromato-
gram in UV light. The optical density of the solutions was measured at 372 nm. The
mangiferin content was calculated from the specific absorption index.

There are a number of intense absorption bands in the UV spectrum of
mangiferin. The most convenient to quantify a substance is a band with a maximum
at 369 nm and a specific absorption coefficient of 295 � 0.92. In the field of working
concentrations, the absorption of mangiferin solutions is subject to Lambert-Beer
law [23].

Analysis of literary sources has shown that the genus Hedysarum L. combines
about 285 species, which are predominantly common in Eurasia. H. caucasicum
Bieb. is endemic, growing in the highland meadows of the Caucasus. In a literary
search, it has been found that chemical study information relates mainly to H.
alpinum and H. flavescens. Information on the chemical study of H. caucasicum is
fragmented and insufficient. Plants of the genus Hedysarum are widely used in folk
and waitinal medicine, as an antibacterial, antiviral, immunomodulatory, and anti-
inflammatory agent [6, 8, 17, 26, 31–39]. The following methods of analysis are used
to identify and quantify the main active substances of xanthones: spectrophotome-
try, photocolorimetry, and chromatographic methods of analysis (TLC, HPLC, and
mass spectrometry) [40–42]. The study of theoretical bases of extraction of medic-
inal raw materials allows to find the optimal conditions of technology for creation of
medicinal forms on the basis of herbal of Caucasus.

4. Results

Morphological study: Life-form—a perennial herbaceous plant 40–50 cm high,
and underground organs reach 30 cm length. The escape is elongated, branched,
straight-standing, or raised. The number of leaflets located on rachis varies from 11
to 15. The leaves have an egg shape, a rounded base, a whole edge, and a spiky top.
Decaying of leaflets is insignificant. The flower is simple botriode, brush. The
flower is zygomorphic. The cup consists of five cups, a moth-type crown, and the
color of the petals is pink-purple. The android consists of nine converged tangles
and one free. Ginecey is monocarpal. Tie the top one. Fruit: according to morpho-
genetic classification of fruits, it refers to monocarp; according to morphological—
bob, flat, oblong in shape, and consists of rounded arthropods. Number of squads
range from 3 to 5.

The leaf is amphistomatic. The upper epidermal has weak and almost straight
anticline cell walls. The mouth is abnormal, surrounded usually by 3–5 near-oral
cells. Trichomes were not detected on the abaxial side of the leaf. The lower epi-
dermal has strong anticline cell walls. An anomocytic type oyster is surrounded by
usually 3–5 parotid cells. The embossing is formed by simple single-cell hairs located
either in the region of the veins or on the edge of the leaf plate. When considering
the sheet microreparation from the surface, rhombic calcium oxalate crystals
located in large veins are found. They form a characteristic crystalline lining of the
veins. On the cross section, the leaves have a characteristic dorsoventrale structure
(Figure 3).

The palisade mesophyll localizes only under the upper epidermis in one layer, its
cells are stretched, tightly pressed to each other. The mechanical fabric is a
collenchym which is located both under the upper and lower epidermis in the
region of the core. In the central part of the main core, there is a large collateral
conducting bundle, and from the dorsal side to the conducting bundle there is a
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sclerenchym of pericyclic origin. The leaflets are arranged on small cherries, which
have cylindrical shape on the cross section. The covering tissue of the cherry is
represented by an epidermal, under it there is a collenchym in 1–2 layers, and the
main volume occupies chlorenchyma. The collateral conducting bundle surrounded
by sclerenchym is located in central part of cut. The rachis at the bottom has a
grooved shape with a deep horseshoe spoon on the abaxial side. Collateral
conducting bundles of 6–8 are arranged in an arc-like manner. It is interesting that
idioblasts with yellow content are found in the phloem, in the pericyclic zone, and
in the parenchyma of the core adjacent to the xylem portion of the conductive
beam.

The stem has a polyhedral shape on the cross section. A cavity may form in the
central part of the stem. Under the epidermal continuous ring in 1–2 layers of cells,
there is a plate-type collenchym. In the projection regions, the number of layers of
collenchym cells increases to 5–7. Chlorenchym is located following collenchym in
discontinuous regions in 2–3 layers of cells. The pericyclic zone is represented by
sclerenchymal fibers arranged in discontinuous areas above the conducting beams.
Conducting system is of bundle type. Conducting beams are of open collateral type
in an amount of 14–16 (Figure 3).

The cambium forms secondary conductive beams and thick-walled parenchyma,
which is subsequently strongly ligated. Idioblasts are found, as in the cherry, in the
phloem part of the conducting beam, in the pericyclic zone, as well as in the
parenchyma of the core. The abovementioned micromorphological characteristics
of the above-ground organs of the Hedysarum caucasicum can be used in drawing up
regulatory documentation for the Hedysarum caucasicum grass as an additional raw
material source of xanthone glycoside mangiferin.

Figure 3.
Microscopic signs of the above-ground organs of Hedysarum caucasicum M. Bieb. (А) Hedysarum
daghestanicum Rupr. ex Boiss. (B) Hedysarum grandiflorum Pall. (C) 1. Transversal section of the stem in
the lower part; 2. transversal section of the leaf petiole in the lower part; 3. transverse slice of leaf plate; 4. the
adaxial epidermis of the leaf blade; and 5. the abaxial epidermis of the leaf blade.
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A comparative morphological-anatomical study of three species of the genus
Hedysarum L., growing in the North Caucasus, was carried out. The most significant
diagnostic morphological features have been established, which provide to establish
the species belonging of the medicinal raw materials specified in Table 2.

A comparative analysis of the anatomical structure of the stem revealed common
features, which include the multifaceted shape of the stem on the cross section, and
the pubescence is represented by simple bicellular hairs, which have a narrowed
base and an expanded structure, a characteristic feature of the hairs is the wariness
of the cuticle (Figure 3).

In a comparative study of the anatomical structure of the caulifoliar system, the
main attention was drawn to the anatomical structure of the petiole and rachis of a
complex leaf. The following differences were revealed—the shape on the cross
section of the petiole of a complex sheet changes from a clearly saddle-shaped to a
rounded-triangular shape, the number of ribs on the abaxial side changes.

Differences were identified regarding the structure and location of collenchyma,
sclerenchyma, and the conducting system. The conductive system of the petiole and

Species Life-form Leaves Flowers Fruits

Hedysarum
caucasicum M.
Bieb.

High plant, 30–
50 cm tall.
The lower
internodes are not
shortened

The leaves are
scattered
throughout the
stem, from 7 to 12
pairs of elliptical or
ovate oblong
leaflets with a
pointed tip at the
apex. Pubescence is
not developed

The brushes on long
legs, 11/2–2 times
longer than the
leaves, are not very
thick. The lower
tooth of the calyx is
equal to the tube,
the rest are shorter.
Dark-purple petals

The segments are
not large, smooth,
or slightly toothed

Hedysarum
grandiflorum
Pall.

Perennial 20–40 cm
tall. Stemless or
almost stemless.
Stipules are large,
membranous,
fused, brown, and
scattered-hairy

The leaves are
petiole, short
pressed-hairy and,
long spaced
pubescent. Leaflets
1–4-paired, ovate,
or broadly
elliptical, and large,
slightly hairy
above, less often
glabrous, densely
silvery-silky below

The brushes are
multi-flowered,
with deflected
flowers. Bracts are
lanceolate, light
brown, hairy, bell-
shaped calyx, its
teeth are linear-
awl-shaped,
densely thawed-
hairy, Corolla
yellow

Beans 2–5-
segmented,
segments rounded,
densely white-
haired, mesh-
ribbed, along the
edges with spines
bent inside

Hedysarum
daghestanicum
Rupr. ex
Boiss.

Stem-free rod-root
perennial.
Peduncles with
brushes 10–25 cm
long. All parts of
the plant have a
grayish plaque

Ten leaves with 3–4
pairs of leaflets,
leaflets oblong, up
to 18 mm long and
up to 8 mm wide.
The apical leaf is
larger. Accrete
stipules

The brushes are
small-flowered,
thick. The flowers
are large, creamy
white or purple.
The calyx is four
times shorter than
the corolla. The
boat is shorter than
the flag and two
times longer than
the wings. The
flowers are large,
cream-white

Beans from 2 to 4
segments. Lentil-
shaped, warty
segments

Table 2.
Comparative morphological characterization of Hedysarum L. species growing in the North Caucasus.
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rachis of the complex sheet is represented by three large and 2–7 small conducting
bundles (Figure 3).

All conducting bundles have a pronounced collateral structure, while one large,
dorsal conducting bundle is located on the adaxial side, and it has a characteristic
rounded or semilunar shape and is reinforced with sclerenchymal fibers on the
phloem side. Two ventral conducting bundles are smaller and are usually located in
the rib zone, also reinforced by sclerenchyma on the phloem side.

Thus, the rachis zone is usually characterized by 2–4 additional conductive
beams, or they are completely absent. The number and arrangement of conducting
beams seem to us most interesting and more informative from the point of view
of diagnostics of this species, growing under various environmental conditions
(Figure 1). When conducting a comprehensive morphological-anatomical study of
three species of the genus Hedysarum L., the morphological-anatomical diagnostic
features were revealed, which are presented in this chapter.

5. Determination of humidity

By the moisture content of the raw material, it is meant a loss in mass due to
hygroscopic moisture and volatile substances, which is determined by drying to a
constant mass. Medicinal plant raw materials should not contain moisture above
permissible standards. Moisture content of the analyzed raw material was
determined by the method of drying by Pharmacopea XIV [14]. The weight loss on
drying was 8.60% (average of two parallel determinations).

6. Determination of total ash

The ash of plant raw materials refers to the residue of inorganic substances
obtained after burning the raw materials and then calcining the residue to a con-
stant weight. Plant ash (total ash) consists of a mixture of various inorganic sub-
stances in the plant itself and mineral impurities (earth, sand, dust, and stones) that
can enter the raw materials when collected and dried. The common ash most
commonly contains the following elements: Na, K, Ca, Mg, Fe, Si, F, P, and C,
which are in the form of oxides or salts of carbonic, phosphoric, sulfuric, and other
acids. Ash determination of total (x) was carried out by Pharmacopea of Russia. The
total ash content was 4.04% (average of two parallel determinations).

7. Microbiological purity test

For research, the grass of the Hedysarum caucasicum Bieb. family legumes
(Fabaceae) were collected in the flowering phase on the southeast slope of Mount
Alibek (Dombay Gorge District, CHR) and used. According to amendment No. 3 to
the article of Pharmacopea of the publication “Methods of microbiological control
of medicines,” introduced on June 19, 2003, the studied plant raw materials belong
to the category 4Б—medicinal plant preparations and medicinal plant raw materials
“angro,” prepared without the use of boiling water. The requirements for this
category are as follows:

• Total number of aerobic bacteria—no more than 105 in 1 g or 1 ml.

• Total number of fungi—not more than 104 in 1 g or in 1 ml.
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A comparative morphological-anatomical study of three species of the genus
Hedysarum L., growing in the North Caucasus, was carried out. The most significant
diagnostic morphological features have been established, which provide to establish
the species belonging of the medicinal raw materials specified in Table 2.

A comparative analysis of the anatomical structure of the stem revealed common
features, which include the multifaceted shape of the stem on the cross section, and
the pubescence is represented by simple bicellular hairs, which have a narrowed
base and an expanded structure, a characteristic feature of the hairs is the wariness
of the cuticle (Figure 3).

In a comparative study of the anatomical structure of the caulifoliar system, the
main attention was drawn to the anatomical structure of the petiole and rachis of a
complex leaf. The following differences were revealed—the shape on the cross
section of the petiole of a complex sheet changes from a clearly saddle-shaped to a
rounded-triangular shape, the number of ribs on the abaxial side changes.

Differences were identified regarding the structure and location of collenchyma,
sclerenchyma, and the conducting system. The conductive system of the petiole and
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thick. The lower
tooth of the calyx is
equal to the tube,
the rest are shorter.
Dark-purple petals

The segments are
not large, smooth,
or slightly toothed

Hedysarum
grandiflorum
Pall.

Perennial 20–40 cm
tall. Stemless or
almost stemless.
Stipules are large,
membranous,
fused, brown, and
scattered-hairy

The leaves are
petiole, short
pressed-hairy and,
long spaced
pubescent. Leaflets
1–4-paired, ovate,
or broadly
elliptical, and large,
slightly hairy
above, less often
glabrous, densely
silvery-silky below

The brushes are
multi-flowered,
with deflected
flowers. Bracts are
lanceolate, light
brown, hairy, bell-
shaped calyx, its
teeth are linear-
awl-shaped,
densely thawed-
hairy, Corolla
yellow

Beans 2–5-
segmented,
segments rounded,
densely white-
haired, mesh-
ribbed, along the
edges with spines
bent inside

Hedysarum
daghestanicum
Rupr. ex
Boiss.

Stem-free rod-root
perennial.
Peduncles with
brushes 10–25 cm
long. All parts of
the plant have a
grayish plaque

Ten leaves with 3–4
pairs of leaflets,
leaflets oblong, up
to 18 mm long and
up to 8 mm wide.
The apical leaf is
larger. Accrete
stipules

The brushes are
small-flowered,
thick. The flowers
are large, creamy
white or purple.
The calyx is four
times shorter than
the corolla. The
boat is shorter than
the flag and two
times longer than
the wings. The
flowers are large,
cream-white

Beans from 2 to 4
segments. Lentil-
shaped, warty
segments

Table 2.
Comparative morphological characterization of Hedysarum L. species growing in the North Caucasus.
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rachis of the complex sheet is represented by three large and 2–7 small conducting
bundles (Figure 3).

All conducting bundles have a pronounced collateral structure, while one large,
dorsal conducting bundle is located on the adaxial side, and it has a characteristic
rounded or semilunar shape and is reinforced with sclerenchymal fibers on the
phloem side. Two ventral conducting bundles are smaller and are usually located in
the rib zone, also reinforced by sclerenchyma on the phloem side.

Thus, the rachis zone is usually characterized by 2–4 additional conductive
beams, or they are completely absent. The number and arrangement of conducting
beams seem to us most interesting and more informative from the point of view
of diagnostics of this species, growing under various environmental conditions
(Figure 1). When conducting a comprehensive morphological-anatomical study of
three species of the genus Hedysarum L., the morphological-anatomical diagnostic
features were revealed, which are presented in this chapter.

5. Determination of humidity

By the moisture content of the raw material, it is meant a loss in mass due to
hygroscopic moisture and volatile substances, which is determined by drying to a
constant mass. Medicinal plant raw materials should not contain moisture above
permissible standards. Moisture content of the analyzed raw material was
determined by the method of drying by Pharmacopea XIV [14]. The weight loss on
drying was 8.60% (average of two parallel determinations).

6. Determination of total ash

The ash of plant raw materials refers to the residue of inorganic substances
obtained after burning the raw materials and then calcining the residue to a con-
stant weight. Plant ash (total ash) consists of a mixture of various inorganic sub-
stances in the plant itself and mineral impurities (earth, sand, dust, and stones) that
can enter the raw materials when collected and dried. The common ash most
commonly contains the following elements: Na, K, Ca, Mg, Fe, Si, F, P, and C,
which are in the form of oxides or salts of carbonic, phosphoric, sulfuric, and other
acids. Ash determination of total (x) was carried out by Pharmacopea of Russia. The
total ash content was 4.04% (average of two parallel determinations).

7. Microbiological purity test

For research, the grass of the Hedysarum caucasicum Bieb. family legumes
(Fabaceae) were collected in the flowering phase on the southeast slope of Mount
Alibek (Dombay Gorge District, CHR) and used. According to amendment No. 3 to
the article of Pharmacopea of the publication “Methods of microbiological control
of medicines,” introduced on June 19, 2003, the studied plant raw materials belong
to the category 4Б—medicinal plant preparations and medicinal plant raw materials
“angro,” prepared without the use of boiling water. The requirements for this
category are as follows:

• Total number of aerobic bacteria—no more than 105 in 1 g or 1 ml.

• Total number of fungi—not more than 104 in 1 g or in 1 ml.
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• Enterobacteria and other gram-negative bacteria—not more 103 1 g or 1 ml.

• Absence of Escherichia coli—in 1 g or 1 ml.

• Absence of Salmonella in 10 g or 10 ml.

Before preparing the dosage form, the studied vegetable raw material of the
Hedysarum caucasicum Bieb. was tested for microbiological purity. The presented
results make it possible to conclude that according to the indicator “microbiological
purity,” the sample of vegetable raw materials of the Hedysarum caucasicum Bieb.,
presented for analysis, meets the requirements for medicinal vegetable raw
materials “angro,” used without thermal treatment.

8. High-quality phytochemical analysis

Determination of tanning substances: About 1.0 g of raw material was poured with
100.0 g of water, heated for 20–30 min in a water bath and filtered. The following
reactions were carried out with the resulting solution [15]: Several drops of iron
ammonium alum were added to 2 ml of the solution, and black and green staining
appeared, indicating the presence of condensed tanning agents; a few drops of a 1%
solution of quinine hydrochloric acid were added to 2 ml of the solution, and
opalescence appeared.

Determination of polysaccharides: For qualitative detection of polysaccharides,
water extraction was prepared from 2.0 g of alpine penny roots in a water bath for
30 min. Then it was filtered off and the filter was washed with hot water. The
recovery was evaporated to 1/5 volume and three times the volume of 96% ethanol
was added thereto. As a result, a loose curd precipitate of the polysaccharide com-
plex was formed. The precipitate was separated, dissolved in water, reprecipitated,
washed with alcohol, and dried. The obtained polysaccharide complex is an amor-
phous mass soluble in water. In the composition of water-soluble polysaccharides of
the penny, mucous substances predominate [43].

Definition of the restoring sugars: About 1.0 of the milled raw material was placed
in a 25 ml flask, poured with 10 ml of water, and refluxed for 0.5 h. The solution was
filtered through gauze and washed with water. 5 ml of the resulting solution was
transferred to a tube and 15 ml of 95% ethyl alcohol was added. Precipitation of the
bulk precipitate was observed. The solution was filtered, the precipitate was trans-
ferred to a test tube, 5 ml of diluted hydrochloric acid was added, boiled for several
minutes, 5 ml of Feling reagent was added and boiled again, and orange-red staining
was observed [14].

Determination of free organic acids: A 1:10 decoction was prepared from Caucasus
penny grass while heating in a water bath for 1 h. Broth was filtered. Five drops of
digestion were placed in the tube and adjusted to 1 ml with purified water. One drop
of the methyl red indicator was added, and red staining was observed, indicating
the presence of organic acids [15].

Definition of amino acids: For qualitative detection of amino acids, reaction with
0.1% solution of ninhydrin in n-butanol on filter paper was used, and characteristic
blue-violet staining appeared in formation of Rueman complex [15].

Determination of flavonoids and xanthones: In order to determine flavonoids, it
was necessary to obtain an alcohol extract from the raw material. Extraction was
carried out with 80% ethyl alcohol. About 1 g of the feed was placed in a 25 ml flask,
10 ml of 80% ethyl alcohol was added and heated in a water bath for 10–15 min
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under reflux. The resulting solution was filtered through a paper filter after cooling.
Reactions were carried out with the resulting solution.

Cyanidine sample: 0.1 g of magnesium dust, 2 ml of concentrated hydrochloric
acid were added to 1 ml of extraction, heated in a water bath for 2–3 min, and after
some time red-orange staining was observed; 2 drops of 2% basic lead acetate
solution were added to 1 ml of the recovery, and yellow-lemon staining appeared;
1 ml of a 10% ammonia solution was added to 1 ml of the recovery, and yellow
staining turned orange on heating appeared. 1 ml of a 2% solution of aluminum
chloride in 96% ethyl alcohol was added to 1 ml of the recovery, and lemon-yellow
staining was observed [31].

Qualitative reactions with these reagents showed the presence of flavonoid sub-
stances in the grass of the Caucasus penny, which allowed us to use the chromatog-
raphy method for further analysis, which is widely used for their detection and
identification. Chromatographic separation of the sum of flavonoids and xanthones
was carried out in the preparation of the extracts, and ethyl alcohol of 96, 80, 60,
and 40% concentration was used as the extractant. 0.05 ml of the Hedysarum
caucasicum Bieb. extracts were applied to a 40 � 40 cmWhatman chromatographic
paper and subjected to ascending chromatography in a solvent system: butanol-
glacial acetic acid-water in a ratio of 4:1:5 compared to witness substances. When
viewing the chromatogram in UV light, three main spots were found in extracts of
the following concentrations of ethanol 96:80:60%. First spot corresponds to
mangiferin, second to hyperoside, and third to campferol. Further, chromatograms
were sprayed with alcohol solution AlCl3, and a change in stain color was observed.

9. Qualitative detection and quantification of xanthones

Thin layer chromatography was used for qualitative detection of mangiferin.
Chromatography was carried out in systems: n-butanol-acetic acid-water (4:1:5);
chloroform-methanol-water (13:7:2); and 15% acetic acid, on “Sorbfil PTCC-AF-A”
plates 10 � 10 cm and 10 � 15 cm.

The development of the plates was carried out by spraying with the following
reagents: a solution of iron(III) chloride of 2%, an alcoholic solution of aluminum
chloride of 1%, and ammonia vapors and UV radiation (fluorescent lamp UV-A).
As a result of the TLC study of the extraction of raw materials there are seventy
percent ethyl alcohol compared to standard samples indicated that xanthone
glycoside-mangiferin was present in these samples (Table 3).

10. Quantification of the sum of xanthones mangiferin by UV
spectrophotometry

The content of the sum of xanthones in the test subjects in terms of mangiferin
was calculated in two ways, using the optical density of the solution of the standard
sample of mangiferin and the value of the specific absorption index of mangiferin
under similar conditions. Determination of specific value of mangiferin uptake: A
precise suspension of a standard mangiferin sample (about 0.01 g) was placed in a
measuring flask with a capacity of 25 ml, 20 ml of 70% ethyl alcohol was added,
stirred until the standard sample was completely dissolved, and the volume of
solution was adjusted to a mark in the flask. Aliquots from the resulting solution
were placed in measuring flasks with a capacity of 25 ml and labeled with the same
solvent. The optical density was measured on a spectrophotometer at a wavelength
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• Enterobacteria and other gram-negative bacteria—not more 103 1 g or 1 ml.

• Absence of Escherichia coli—in 1 g or 1 ml.

• Absence of Salmonella in 10 g or 10 ml.

Before preparing the dosage form, the studied vegetable raw material of the
Hedysarum caucasicum Bieb. was tested for microbiological purity. The presented
results make it possible to conclude that according to the indicator “microbiological
purity,” the sample of vegetable raw materials of the Hedysarum caucasicum Bieb.,
presented for analysis, meets the requirements for medicinal vegetable raw
materials “angro,” used without thermal treatment.

8. High-quality phytochemical analysis

Determination of tanning substances: About 1.0 g of raw material was poured with
100.0 g of water, heated for 20–30 min in a water bath and filtered. The following
reactions were carried out with the resulting solution [15]: Several drops of iron
ammonium alum were added to 2 ml of the solution, and black and green staining
appeared, indicating the presence of condensed tanning agents; a few drops of a 1%
solution of quinine hydrochloric acid were added to 2 ml of the solution, and
opalescence appeared.

Determination of polysaccharides: For qualitative detection of polysaccharides,
water extraction was prepared from 2.0 g of alpine penny roots in a water bath for
30 min. Then it was filtered off and the filter was washed with hot water. The
recovery was evaporated to 1/5 volume and three times the volume of 96% ethanol
was added thereto. As a result, a loose curd precipitate of the polysaccharide com-
plex was formed. The precipitate was separated, dissolved in water, reprecipitated,
washed with alcohol, and dried. The obtained polysaccharide complex is an amor-
phous mass soluble in water. In the composition of water-soluble polysaccharides of
the penny, mucous substances predominate [43].

Definition of the restoring sugars: About 1.0 of the milled raw material was placed
in a 25 ml flask, poured with 10 ml of water, and refluxed for 0.5 h. The solution was
filtered through gauze and washed with water. 5 ml of the resulting solution was
transferred to a tube and 15 ml of 95% ethyl alcohol was added. Precipitation of the
bulk precipitate was observed. The solution was filtered, the precipitate was trans-
ferred to a test tube, 5 ml of diluted hydrochloric acid was added, boiled for several
minutes, 5 ml of Feling reagent was added and boiled again, and orange-red staining
was observed [14].

Determination of free organic acids: A 1:10 decoction was prepared from Caucasus
penny grass while heating in a water bath for 1 h. Broth was filtered. Five drops of
digestion were placed in the tube and adjusted to 1 ml with purified water. One drop
of the methyl red indicator was added, and red staining was observed, indicating
the presence of organic acids [15].

Definition of amino acids: For qualitative detection of amino acids, reaction with
0.1% solution of ninhydrin in n-butanol on filter paper was used, and characteristic
blue-violet staining appeared in formation of Rueman complex [15].

Determination of flavonoids and xanthones: In order to determine flavonoids, it
was necessary to obtain an alcohol extract from the raw material. Extraction was
carried out with 80% ethyl alcohol. About 1 g of the feed was placed in a 25 ml flask,
10 ml of 80% ethyl alcohol was added and heated in a water bath for 10–15 min
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under reflux. The resulting solution was filtered through a paper filter after cooling.
Reactions were carried out with the resulting solution.

Cyanidine sample: 0.1 g of magnesium dust, 2 ml of concentrated hydrochloric
acid were added to 1 ml of extraction, heated in a water bath for 2–3 min, and after
some time red-orange staining was observed; 2 drops of 2% basic lead acetate
solution were added to 1 ml of the recovery, and yellow-lemon staining appeared;
1 ml of a 10% ammonia solution was added to 1 ml of the recovery, and yellow
staining turned orange on heating appeared. 1 ml of a 2% solution of aluminum
chloride in 96% ethyl alcohol was added to 1 ml of the recovery, and lemon-yellow
staining was observed [31].

Qualitative reactions with these reagents showed the presence of flavonoid sub-
stances in the grass of the Caucasus penny, which allowed us to use the chromatog-
raphy method for further analysis, which is widely used for their detection and
identification. Chromatographic separation of the sum of flavonoids and xanthones
was carried out in the preparation of the extracts, and ethyl alcohol of 96, 80, 60,
and 40% concentration was used as the extractant. 0.05 ml of the Hedysarum
caucasicum Bieb. extracts were applied to a 40 � 40 cmWhatman chromatographic
paper and subjected to ascending chromatography in a solvent system: butanol-
glacial acetic acid-water in a ratio of 4:1:5 compared to witness substances. When
viewing the chromatogram in UV light, three main spots were found in extracts of
the following concentrations of ethanol 96:80:60%. First spot corresponds to
mangiferin, second to hyperoside, and third to campferol. Further, chromatograms
were sprayed with alcohol solution AlCl3, and a change in stain color was observed.

9. Qualitative detection and quantification of xanthones

Thin layer chromatography was used for qualitative detection of mangiferin.
Chromatography was carried out in systems: n-butanol-acetic acid-water (4:1:5);
chloroform-methanol-water (13:7:2); and 15% acetic acid, on “Sorbfil PTCC-AF-A”
plates 10 � 10 cm and 10 � 15 cm.

The development of the plates was carried out by spraying with the following
reagents: a solution of iron(III) chloride of 2%, an alcoholic solution of aluminum
chloride of 1%, and ammonia vapors and UV radiation (fluorescent lamp UV-A).
As a result of the TLC study of the extraction of raw materials there are seventy
percent ethyl alcohol compared to standard samples indicated that xanthone
glycoside-mangiferin was present in these samples (Table 3).

10. Quantification of the sum of xanthones mangiferin by UV
spectrophotometry

The content of the sum of xanthones in the test subjects in terms of mangiferin
was calculated in two ways, using the optical density of the solution of the standard
sample of mangiferin and the value of the specific absorption index of mangiferin
under similar conditions. Determination of specific value of mangiferin uptake: A
precise suspension of a standard mangiferin sample (about 0.01 g) was placed in a
measuring flask with a capacity of 25 ml, 20 ml of 70% ethyl alcohol was added,
stirred until the standard sample was completely dissolved, and the volume of
solution was adjusted to a mark in the flask. Aliquots from the resulting solution
were placed in measuring flasks with a capacity of 25 ml and labeled with the same
solvent. The optical density was measured on a spectrophotometer at a wavelength
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of 365 nm in the resulting solutions. Ethyl alcohol 70% was used as a comparison
solution. Tables 4 and 5 shows the results of the experiment.

The obtained results were statistically processed; the relative error of determi-
nation was 1.4%, which makes it possible to conclude the reliability of the obtained
results. The optical density of solution B was measured on a spectrophotometer at a
wavelength of 365 � 2 nm in a cuvette with a layer thickness of 10 mm. As the
comparison solution, 70% ethyl alcohol was used. The quantitative content of the
sum of xanthones in terms of mangiferin was calculated using the optical density
value of the standard sample of mangiferin(I) and the value of the specific absorp-
tion index of mangiferin(II) established by us experimentally. Table 5 shows the
results of quantification of the sum of xanthones in terms of mangiferin in the raw
material (Table 5).

As a result of complex chromatographic studies of three species of the genus
Hedysarum, it was revealed that the maximum content of the sum of xanthones in
terms of mangiferin is 0.62 � 0.021%, and this is observed in the grass of
Hedysarum (Table 6). The obtained results indicate the prospect of further study of
the above-ground part, which allows us to consider this species as an additional raw
material source of mangiferin.

Aliquot,
ml

Concentration of
mangiferin, % �10�4

Optical
density, А

Calculated value of specific key
figure absorption, А1%

1см

Metrological
characteristics

0.25 4 0.1278 319.5 S�x=18,433
ΔX ¼ 4:52
t0,95 ¼ 2:45
325:1� 4:52
ε ¼ 1:4%

0.50 8 0.2603 325.4

0.75 12 0.3945 328.8

1.00 16 0.5178 325.7

1.25 20 0.6427 321.4

1.50 24 0.7718 321.5

1.75 28 0.9338 333.5

�А1%
1см=325.1

Table 4.
Results of determination of specific value of mangiferin absorption (exact weight 0.0101 g).

Mass, g Value of optical
density, Ах

(λ = 364 nm)

Maintenance of
the sum of

xanthones, % (А0)

Maintenance of
the sum of

xanthones, % (А1%
1cm)

Metrological characteristics

I II I II

10.015 0.4621 0.640 0.637 X́ ¼0.629 X́ ¼ 0.624

10.018 0.4672 0.647 0.644 Sx́ ¼0.0830 Sx́ ¼0.0830

10.100 0.4671 0.642 0.639 Δx ¼0.021 Δx ¼0.021

0.9989 0.4329 0.601 0.599 x́� Δx ¼ x́� Δx ¼
0.9996 0.4358 0.605 0.602 0.629 � 0.021 0.624 � 0.021

0.9898 0.4504 0.632 0.629 ε ¼3.39% ε ¼3.42%

Table 5.
Content of the sum of xanthones in terms of mangiferin (а0 = 0.0101 г; A0 = 0.5178; А1%

1см ¼325.1;
w = 7.23%).
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of 365 nm in the resulting solutions. Ethyl alcohol 70% was used as a comparison
solution. Tables 4 and 5 shows the results of the experiment.

The obtained results were statistically processed; the relative error of determi-
nation was 1.4%, which makes it possible to conclude the reliability of the obtained
results. The optical density of solution B was measured on a spectrophotometer at a
wavelength of 365 � 2 nm in a cuvette with a layer thickness of 10 mm. As the
comparison solution, 70% ethyl alcohol was used. The quantitative content of the
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Aliquot,
ml

Concentration of
mangiferin, % �10�4

Optical
density, А

Calculated value of specific key
figure absorption, А1%

1см

Metrological
characteristics

0.25 4 0.1278 319.5 S�x=18,433
ΔX ¼ 4:52
t0,95 ¼ 2:45
325:1� 4:52
ε ¼ 1:4%

0.50 8 0.2603 325.4

0.75 12 0.3945 328.8

1.00 16 0.5178 325.7

1.25 20 0.6427 321.4

1.50 24 0.7718 321.5

1.75 28 0.9338 333.5

�А1%
1см=325.1

Table 4.
Results of determination of specific value of mangiferin absorption (exact weight 0.0101 g).

Mass, g Value of optical
density, Ах

(λ = 364 nm)

Maintenance of
the sum of

xanthones, % (А0)

Maintenance of
the sum of

xanthones, % (А1%
1cm)

Metrological characteristics

I II I II
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0.9989 0.4329 0.601 0.599 x́� Δx ¼ x́� Δx ¼
0.9996 0.4358 0.605 0.602 0.629 � 0.021 0.624 � 0.021

0.9898 0.4504 0.632 0.629 ε ¼3.39% ε ¼3.42%

Table 5.
Content of the sum of xanthones in terms of mangiferin (а0 = 0.0101 г; A0 = 0.5178; А1%

1см ¼325.1;
w = 7.23%).
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11. Quantification of mangiferin in grass of Hedysarum species by
capillary electrophoresis

For the study of these species of the genus Hedysarum capillary electrophoresis
“Kapel - 105m” (Lumex Marketing OJSC, Russia), quartz capillary (Leff/Ltol = 50/
60 cm, ID = 75 μm) was used. The quartz capillary was previously washed succes-
sively with purified water, 1 M aqueous solutions of sodium hydroxide and
hydrochloric acid.

The optical density of the prepared solution was measured on a spectrophotom-
eter in the wavelength range of 200–500 nm. For this purpose, an aliquot of 1 ml
was placed in two measuring flasks with a capacity of 25 ml. In one of the measuring
flasks, the solutions were labeled with alcohol 70% ethyl, and in the other with
borate buffer solution 0.01 M. As comparison solutions, ethyl alcohol 70% was used
in the first case, and in the second case, borate buffer solution 0.01 M was used. A
shift of the maximum light absorption of mangiferin from 365 nm to 383 nm in the
borate buffer solution was observed, which may be due to the formation of a
complex of mangiferin with sodium tetraborate.

Solution B with the following concentrations (mg/ml): 0.35; 0.25; 0.15; and 0.05.
For this, aliquots of solution B (1; 0.7; 0.5; 0.3; and 0.1 ml) were placed in 1 ml
Eppendorf tubes. 0, 0.3, 0.5, 0.7, and 0.9 ml of 70% ethyl alcohol were added.
Centrifugation of the solutions was carried out for 5 min at 8000 rpm.

Capillary electrophoresis analysis was carried out at +20 kV, with capillary
temperature of + 20°C, and detection was carried out spectrophotometrically at a
wavelength of 383 nm, and the analysis time was 10 min. As an electrolyte, a borate
buffer solution 0.01 M with a pH of 9.2 � 0.02 was used, prepared in accordance
with GOST 4919.2-2016 “Reagents and especially pure substances. Methods for the
preparation of buffer solutions.” Previously the capillary was washed consistently
with solutions of acid hydrochloric 1 M and sodium hydroxide 1 M.

Washing between acid and alkali solutions, as well as final washing before
analysis, was carried out with purified water. Washing solutions and electrolyte
solutions were filtered through a Vladipor paper filter of type with a membrane
diameter of 25 mm. The buffer solutions, like the test solutions, were centrifuged at
8000 rpm for 5 min. The results were processed and a calibration plot was plotted
(Figure 4).

The preparation of purified alcohol extracts from the raw material was carried
out in accordance with the procedure developed by us to determine the sum of
xanthones in terms of mangiferin by UV spectrophotometry for the samples under
study (the procedure described above in the UV spectrophotometry section)
(Figures 5–7). Centrifugation of solution A was carried out for 5 min at 8000 rpm.

Based on the experimental data obtained, it can be concluded that the Caucasian
penny is the largest content of mangiferin among the studied species of the genus,

Species The content of the sum of xanthones
in terms of mangiferin, %

Hedysarum caucasicum M. Bieb. 0.62 � 0.02

Hedysarum grandiflorum Pall. 0.60 � 0.02

Hedysarum daghestanicum Rupr. ex Boiss. 0.56 � 0.01

Table 6.
The content of the sum of xanthones in terms of mangiferin in the above-ground part of species of the genus
Hedysarum L. by the value of the specific absorption index of mangiferin.
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Figure 5.
Electrophoregram of extraction of Hedysarum caucasicum.

Figure 6.
Electrophoregram of extraction of Hedysarum grandiflorum pall.

Figure 4.
Calibration graph of peak area versus mangiferin concentration in solution.
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Based on the experimental data obtained, it can be concluded that the Caucasian
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which confirms the assumption based on molecular genetic studies, since it is this
species that belongs to the Obscura section, as well as the alpine penny used to
obtain mangiferin.

12. Quantification of mangiferin in the grass of Hedysarum caucasicum
M. Bieb. by HPLC

High-performance liquid chromatography was used to quantify mangiferin in
the subjects under study. Registration of electronic spectra was carried out on a
liquid chromatograph Shimadzu Prominence LC-20 AD with a degasser DGU-
20A3R. A sample of mangiferin (Sigma-Aldrich, cate. M3547, USA, 2017) was used
as a standard sample.

Standard mangiferin solution: A slurry of 0.0050 g (based on 100% substance) of
mangiferin was placed in a measuring flask with a capacity of 25 ml, dissolved in
70% ethyl alcohol, and then the volume was adjusted with the same solvent to a
mark and mixed. An aliquot of 1.0 ml of the resulting solution was placed in a
measuring flask with a capacity of 10 ml, dissolved in the mobile phase, and then
the volume was adjusted with the same solvent to a mark and stirred. The solution
was filtered through a 0.45 μm membrane filter (Figure 8).

Buffer solution: In a 1000 mL measuring flask, 15.6 g of sodium phosphate of
monosubstituted dihydrate was placed, which was dissolved with 200 mL of puri-
fied water and the volume adjusted to a mark, stirred. The potentiometric method
determined the value of pH, which should be 4.40 � 0.05.

Mobile phase: A mixture of buffer solution, acetonitrile, and methanol in a ratio
of 81:16:3.

The developed method of quantitative determination of mangiferin in the
above-ground organs of the studied type takes into account the main physicochem-
ical properties of xanthones, and it is characterized by reproducibility, high accu-
racy, and allows conducting both screening assessment of various raw materials
containing mangiferin derivatives and standardization of prepared medicinal plant
raw materials of the Hedysarum L.

As a result, it was found that the largest in the above-ground organs of
Hedysarum caucasicum found was 0.148 � 0.003% mangiferin (Figures 9 and 10).
The method of quantification of mangiferin by HPLC has been developed, which is

Figure 7.
Electrophoregram of extraction of Hedysarum daghestanicum Rupr. ex Boiss.
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characterized by good reproducibility and tested at raw materials. The obtained
results can be used in the preparation of regulatory documentation for plant raw
materials. As a result, in species Hedysarum caucasicum M. Bieb., Hedysarum
grandiflorum Pall., and Hedysarum daghestanicum Rupr. ex Boiss., biologically active
substances such as polysaccharides, triterpene compounds, flavonoids, saponins,
polyphenol compounds, leucoanthocyanins, and tannins were found. The quantita-
tive content of tannins in Hedysarum caucasicum M. Bieb. was 5.43 � 0.15%.

Figure 9.
Chromatogram of solution 1.

Figure 10.
Chromatogram of solution 2.

Figure 8.
Chromatogram of standard solution of mangiferin.
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13. Amino acid analysis

Amino acid analysis in the grass of species of the genus Hedysarum was carried
out on the basis of the FSBOU VO of the Stavropol GAU by column liquid chroma-
tography on an amino acid analyzer according to the procedure indicated in the
guest 32,195–2013. Qualitative and quantitative analysis of amino acids was carried
out on an amino acid analyzer, AminoAcid Analyzer AAA 339 M (Mikrotechna).
The comparative amino acid composition of the three studied samples of species of
the genus growing in the North Caucasus showed that amino acids such as aspartic
(1.84–2.68%) and glutamic acid (1.29–1.33%) as well as proline (0.83–1.39%), leu-
cine (0.86–0.90%), and phenylalanine (0.58–0.63%) were found in significant
quantities in the above-ground organs of the studied species. Table 7 shows the
results of a comparative analysis of the amino acid composition of the species under
study.

The study of the amino acid composition during complex pharmacognostic
analysis is one of the mandatory areas of research, since amino acids are involved in
the biogenesis of many biologically active compounds, including xanthones. It is
known that the main components of xanthone biosynthesis are acetyl-CoA,

Amino acid type Species

Types Structure №1 №2 №3

Monoamino dicarboxylic acids

Asparaginic α-Aminosuccinic acid 1.86 2.68 1.84

Glutaminic α-Aminoglyutaroic acid 1.33 1.31 1.29

Monoamine monocarboxylic acids

Leucine* α-Aminoisocapronic acid 0.90 0.89 0.86

Valine* α-Aminoisovaleric acid 0.68 0.74 0.71

Alanine α-Aminopropionic acid 0.67 0.65 0.63

Serine α-Amino-βoxypropionic acid 0.62 0.66 0.60

Phenylalanine* α-Amino-β-phenylpropionic acid 0.62 0.63 0.58

Glycine α-Aminoacetic acid 0.55 0.58 0.57

Threonine* α-Amino-β-hydroxy-butyric acid 0.54 0.51 0.50

Thyrosine α-Amino-β-oxy phenylpropionic acid 0.52 0.63 0.54

Isoleucine* α-Amino-β-ethyl-β-methylphenylpropionic acid 0.48 0.58 0.54

Methionine* α-Amino-γ-methylthion-n-butyric acid 0.04 0.11 0.10

Monoamine monocarboxylic acids

Lysine* α, ε-Aminocapronic acid 0.74 0.73 0.72

Arginine α-Amino-σ-guanidine-n-valeric acid 0.55 0.56 0.56

Heterocyclic compounds

Proline Pyrrolidine-α-carboxylic acid 0.83 1.39 1.19

Gystidine α-Amino-β-imidazolyl-propionic acid 0.33 0.42 0.35

*№1—Hedysarum caucasicum M. Bieb.; №2—Hedysarum grandiflorum Pall.; and №3—Hedysarum
daghestanicum Rupr. ex Boiss.

Table 7.
Comparative analysis of amino acid composition in three samples of Hedysarum L. species growing in the North
Caucasus, %.
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mevalonic, and shikimic acids, from which phenylalanine is further synthesized.
The obtained research results can be further used in preparing a complex
metabolomic evaluation of medicinal plant raw materials of Hedysarum species.

Spectral analysis of the above-ground organs of Hedysarum caucasicum M. Bieb.
was carried out at the Central Testing Laboratory of Caucasian Geologic Survey JSC
in Essentuki. Sample preparation of grass raw material Hedysarum caucasicum M.
Bieb. was carried out according to the methodology of the Pharmacopea of Russian
Federation. Ash was studied according to the method of the MP plant 4С atomic
emission spectrometry on diffraction spectrograph.

The ash sample was evaporated into the graphite electrode cell by means of an
electric arc. In equilibrium processes of excitation and reverse transition to the basic
state of electrons of element atoms, emission (emission) spectra were recorded. The
results are shown in Table 8.

Spectral analysis of herb Hedysarum caucasicum M. Bieb. represented by
macroelements (potassium, calcium, magnesium, sodium, phosphorus) and trace
elements (manganese, iron, zinc, copper, and silicon). The obtained results of
elemental composition are necessary in the complex analysis of the sum of active
substances of the plant.

14. Conclusion

For the first time, morphological-anatomical diagnostic signs of the species are
necessary for standardization of medicinal vegetal raw materials. Indicators of
caulifolar micromorphology were introduced to diagnose plant objects using the
example of the genus Hedysarum L. Molecular genetic studies were carried out and
morphometric indicators were determined, which make it possible to establish
correlations between morphological, molecular genetic, and phytochemical indica-
tors of species assigned to certain sections of the genus, as well as to predict the
accumulation of xanthones in previously unearthed species.

Introduction studies of Hedysarum causicum M. Bieb., Hedysarum grandiflorum
Pall., and Hedysarum daghestanicum Rupr. ex Boiss. on the territory of the Botanical
Garden of the PMFI and in the Dagestan Scientific Center of the Mining Botanical
Garden of the Russian Academy of Sciences, including the main phases of develop-
ment, phenological spectra, were compiled.

Element title Raw material content, % Element title Raw material content, %

Macroelements

K 1.47 Na 0.10

Ca 0.29 P 0.49

Mg 0.10

Microelements

Al 0.049 Mn 0.0025

Ba 0.0029 Cu 0.00098

B 0.00098 Ti 0.0073

Fe 0.029 Cr 0.0009

Si 0.29 Zn 0.0049

Table 8.
Elemental composition of herb Hedysarum caucasicum M. Bieb.
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in Essentuki. Sample preparation of grass raw material Hedysarum caucasicum M.
Bieb. was carried out according to the methodology of the Pharmacopea of Russian
Federation. Ash was studied according to the method of the MP plant 4С atomic
emission spectrometry on diffraction spectrograph.

The ash sample was evaporated into the graphite electrode cell by means of an
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state of electrons of element atoms, emission (emission) spectra were recorded. The
results are shown in Table 8.
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Within the framework of phytochemical screening, BAVs such as polysaccha-
rides, triterpene compounds, flavonoids, saponins, polyphenolic compounds,
leucoanthocyanins, and tannins were found in the objects we studied. For the first
time in the grass of three species of the genus Hedysarum, the presence of amino
acids, the main part of which belongs to the group of essential amino acids, and the
presence of proline and phenylalanine prove the presence of xanthones. The
obtained research results can be further used in preparing a complex metabolomic
evaluation of medicinal plant raw materials of Hedysarum species.

A comprehensive study of the qualitative analysis and quantitative content of
the sum of xanthones and, in fact, mangiferin was carried out using thin-layer and
paper chromatography, UV spectrophotometry, capillary zone electrophoresis, as
well as high-performance liquid chromatography.

In the framework of complex pharmacognostic studies of three species of the
genus Hedysarum, we have developed a method for quantitative determination by
UV spectrophotometry of the sum of xanthones in terms of mangiferin. The tech-
nique takes into account the basic physicochemical properties of xanthones; is
characterized by the reproducibility, high accuracy, and simplicity of execution;
and allows conducting both a screening assessment of various raw materials
containing mangiferin derivatives and standardization of the prepared vegetable
raw materials.

The developed methods are tested on the above-ground organs of Hedysarum
species, collected and dried taking into account the rules and requirements for the
preparation of medicinal raw materials. As a result, it was found that the greatest
quantitative content of the sum of xanthones in terms of mangiferin is distinguished
by the grass Hedysarum caucasicum M. Bieb. (0.62 � 0.021%). The results show the
prospect of further investigation of Hedysarum caucasicum M. Bieb. herb as an
additional source of mangiferin.
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The developed methods are tested on the above-ground organs of Hedysarum
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quantitative content of the sum of xanthones in terms of mangiferin is distinguished
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