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1. Introduction

Grain crops produce small, hard, dry seeds that may or may not have an attached 
hull used for human and/or animal consumption. Grain crops are mainly of two 
different types, i.e., cereals and legumes. Grain crops are energy sources containing 
carbohydrates, proteins, and fats. Besides being the energy providing macromol-
ecules, grain crops also contain health-supporting compounds, including dietary 
fibers, antioxidants, vitamins, and minerals [1]. The relatively higher durability of 
grain crops due to their low moisture content upon maturity has made them well-
suited to industrial agriculture as compared to other fleshy fruits and vegetables 
that have very low shelf life due to higher moisture content. It is these attributes 
of easy storage, measurements, and transportation that may well be the reasons 
for selection and domestication of the grain crops by our earliest ancestors. It is 
now widely accepted that the development of grain agriculture is one of the most 
important factors in permanent settlements of human ancestors and their divisions 
into different social classes in history [2]. Earliest evidence of plant domestication 
comes from the middle east where rye grains with domesticated traits have been 
recovered [3], whereas the first evidence of cereal crop domestication comes from 
9000 BCE. Later on, continued domestication and the resultant shift from a hunter-
gatherer society to a settled agricultural society continued for thousands of years 
mainly consisting of grain crops. However, this domestication was primarily based 
on intermittent trial and error driven by a crude knowledge of selection and choice. 
Later, the selection and use of grain crops research were based on more scientific 
knowledge.

Among the grain crops, cereal grains occupied the central position concerning 
production, consumption, and health benefits. Cereal crops belong to the grass 
family, which is also known as Poaceae. The whole cereal grain consists of bran, 
endosperm, and the germ. Bran is the outermost layer having higher amounts of 
ɷ-3 fatty acids, fibers, macro and micro minerals, and vitamins. The endosperm 
mainly contains starch, where the germ consists of water and fat soluble vitamins, 
magnesium, and phosphorous. It is believed that the consumption of cereal grains 
has been co-started with human civilization that became the major part of human 
diet with the passage of time. Among the cereal grains, wheat, maize, rice, millet, 
buckwheat, and sorghum are used as a staple food by the people from different 
localities of the developed and under-developed world. It is assumed that about 
half of the daily caloric requirement is fulfilled through the consumption of cereal 
grains. A diet rich in cereals can in fact provide us with starches, soluble and insol-
uble fibers, digestible carbohydrates, essential fatty acids, appreciable amounts of 



Recent Advances in Grain Crops Research

2

proteins, higher amounts of folate, iron, magnesium, copper, phosphorus, zinc, 
and phytochemicals. The phytochemicals with antioxidant properties can lower 
the blood cholesterol levels and thus help in controlling heart diseases. In short, 
the whole cereal grain consists of a whole range of primary and secondary metabo-
lites that not only provides energy, but also health supporting substances [4]. The 
phytochemicals or secondary metabolites of whole cereal grains are also known 
to be associated with significant health benefits. The phytochemicals that are rich 
in cereal grains include phenolics, lignans, phytic acid, phytosterols, saponin, 
squalene, tocotrienols, phytosterol, and oryzanol. Some of these phytochemicals 
can act as antioxidants and lower the blood cholesterol level, thus preventing the 
cardiovascular diseases and reduces the risk of cancer. On the other hand, indus-
trial revolution led to the milling of the cereal grains that intensively involve the 
removal of the bran and germ. Albeit milling has improved the sensory attributes 
of the finished product, but the milled products lack important health benefi-
ciary components, such as dietary fibers, phenolics, minerals, and vitamins [4]. 
Carbohydrates are the main class of primary metabolites that attribute the health 
benefits of cereal grains. It is known for the years that insoluble polysaccharides/
fibers can relax constipation, whereas the soluble polysaccharides/mixed-link 
β-glucans can regulate the blood cholesterol level. The soluble and non-soluble 
polysaccharides that are present naturally in cereal grains have positive health 
implications in humans. These polysaccharides have the ability to hold water, give 
bulk to the stool, and can be broken down into short chain fatty acids. Such activi-
ties may help to resist the degenerative diseases, i.e., coronary heart diseases and 
cancer [5].

Another important group of grain crops include legumes that belong to the 
Leguminosae, which is also named as Fabaceae. Legumes are recognized as pulses 
after decortication or dehulling of seeds. Legumes are grown on a large area world-
wide. The important grain legumes include chickpea, cowpea, lentil, green peas, 
etc. Pulses are cultivated in tropical and temperate regions around the globe, mainly 
in the South-East Asia. Food legumes are considered to be healthy plant-based 
food and are a good source of vitamins (B-complex), minerals (macro and micro-
minerals), and dietary fiber [6]. Chickpea seed has high protein and carbohydrate 
with small amounts of fiber, oil, vitamins, and minerals. The digestibility of pulses 
proteins varies from 70–80%. Pulses have a hypocholesteremic effect, and the seeds 
are eaten fresh as green vegetables or boiled with condiments. The flour of some 
pulses, such as chickpea is used in food preparation as a dressing for vegetables 
(e.g., bringle and potato) and meat (e.g., fish and chicken). The flour of chickpea is 
utilized for making bread with pepper and salt.

Pulses are good sources of protein that add to the nutritional importance of 
cereal-based diets. Pulse proteins are abundant in amino acid, arginine and lysine, 
but they have lower amounts of cysteine and methionine, which are known as 
sulfur containing amino acids. The other limiting essential amino acids include the 
cyclic amino acid tryptophan, valine, and threonine. From the nutritional stand-
point, it is necessary to provide the body with an appropriate amount of essential 
amino acids. To meet the human dietary needs the four most important essential 
amino acids of protein should be present in the ratio of: four parts of lysine, three 
parts of methionine, two parts of threonine, and one part of tryptophan. If any one 
of these amino acids is so low as to affect the above ratio, it becomes the limiting 
factor in determining the nutritive value of the protein. The content of the proteins 
in pulses is almost double as compared to the cereals. Moreover, pulses taken with 
cereals in diet can fulfill the basic requirements for protein and thus enhance the 
nutritional importance of cereal-based diets [7].
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Pulses are known to be good sources of macro and macro-minerals, mainly 
calcium (Ca), magnesium (Mg), potassium (K), phosphorus (P), zinc (Zn), and 
iron (Fe). These minerals are important for the body because of their role in physi-
ological as well as biochemical processes of the cells and tissues. Mg is an integral 
part of metabolic enzymes, K helps in the regulation of energy and metabolism, 
P gives strength to the bone and is involved in the formation of high-energy com-
pounds, i.e., AMP, ADP, and ATP. Likewise, Zn also acts as a cofactor of certain 
enzymes, and Fe is a part of hemoglobin and myoglobin. The ionized minerals can 
help in blood coagulation and keep the membrane permeability intact. Besides, 
sodium (Na) and K are vital for the regulation of an acid-base balance and osmotic 
pressure of the cells. Legumes also contain antinutrients, i.e., phytate, which is rich 
in P. Phytic acid (Inositol hexaphosphoric acid) is abundant in legumes that can 
inhibit the absorption of Zn and other essential elements by the small intestine of 
humans and monogastric animals, thus making it unavailable to the body. Phytic 
acid forms complexes with the metal ions (Cu+2, Ca+2, Zn+2, and Fe+3), thus excret-
ing them out of the body. The excretion of such essential elements may lead to 
various deficiency diseases. Phytate may also limit the absorption of vitamins and 
proteins, which can decrease the nutritional value of the legumes [8].

Furthermore, several grain crops are also required as a source of animal feed. 
Recent interest in wheat research is supported by the directives following the meet-
ing of the G20 ministries of agriculture, of the wheat initiative [9] to profess the 
coordination of international research on wheat to fulfill global wheat production 
demand. Global population is predicted to increase up to over 9 billion by 2050 [10], 
which means that the demand will increase by 60% as compared to that in 2010. In 
order to meet this end, global wheat production must increase by 1.6% annually, 
compared to the current 1% global increase per year (2001–2010) – reviewed by 
Giraldo et al. [11]. Other initiatives such as the International Barley Hub [12] started 
to support the increasing demand of grain crops. In this chapter, we discuss the 
recent advances made in grain crops research, related to few important traits.

Seed shattering is a character that has probably played one of the most impor-
tant roles in domestication of grain crops. Grain crop varieties or cultivars with 
less auto-shattering of the seeds, siliques, seed pods, and spikelets have been more 
desirable with regards to farming [13]. Evolutionary studies show that the loss of 
seeds shattering was a character independently acquired by monocots and dicots via 
“convergent phenotypic evolution” producing low dehiscent and/or indehiscent crop 
species. At tissue level, seed or seed pod shattering level is governed by histological 
modifications that involve the development of an abscission layer at the point where 
the seeds or spikelets/pods are attached with the plant [14–17]. Pourkheirandish 
et al. [18] demonstrated that a lower thickness of both primary and secondary cell 
walls of the abscission or separation layer results in higher seeds shattering in barley. 
Because of the importance that seed shattering carries in the adoption of grain crops 
for food and feed, it has been studied in detail in various grain crops at genetic level. 
A plethora of genes have been shown to regulate seed shattering in rice [19–22], 
barley [18], and legume crops such as soybean [23, 24], cow pea [25], common 
beans [26, 27], and medicago [28]. These genes encode various proteins such as the 
Shatterproof protein, NAC, Myc, and bHLH transcription factors, ALCATRAZ and 
the BEL-1-type homeobox SH5. Careful selection of crop varieties and cultivars by 
the farmers and scientific research have settled the seed shattering issue and most 
of the grain crop cultivars grown these days are indehiscent.

Other important aspects of research on grain crops include factors responsible 
for quantity and quality of the produce. Such factors have been studied by scientists 
throughout the world and in almost all grain crops. Most of these studies describe 
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both negative or positive effects of different interventions and treatments. Research 
targeted toward the understanding of genetic basis of crop improvement is often 
conducted under restricted or unfavorable environmental conditions. Such projects 
include research on uptake and use efficiency of various macro and micro nutrients 
[29, 30]. Chen et al. [31] identified at least 10 genes related to nitrogen metabolism 
in different cultivars of barley. Most interestingly, these included the 2nd isoform 
of nitrate reductase enzyme (HvNIA2), which is responsible for catalyzing the 1st 
reaction in nitrate assimilation, i.e., the conversion of nitrate to nitrite and is also 
involved in the production of nitric oxide (NO) in plants [32]. Other genes induced 
under low nitrogen stress included those encoding enzymes such as the chloro-
plastic glutamine synthetase (HvGS2), ferredoxin dependent glutamate synthase 
(HvGLU2), and asparagine synthetase (HvASN1). Interestingly, the expression 
of these genes was found to be strictly regulated by nitrogen stress and in a tissue 
specific manner [31].

The elucidation of the genetic role played by the members of the plant nitrate 
transporters (NRT) or peptide transporters (PTR) is also of particular importance 
in the transportation of various nutrients from the soil to plants and ultimately crop 
production. Lin et al. [33] in the year 2000 cloned and functionally characterized 
NRT1 from rice. The NRT is constitutively expressed in the epidermis and root 
hairs of the roots. The importance of this gene in nitrate transport can be deter-
mined by the fact that even slight variations in the sequence of this gene results in 
nitrate-use divergence in different rice subspecies [34]. This is associated with the 
higher nitrate-absorption activity of Indica rice as compared to Japonica rice. As 
the Japonica rice plants expressing the Indica NRT1.1B allele showed significantly 
higher grain yield and nitrogen-use efficiency compared to Japonica plants that 
did not express the Indica allele [34]. The role of plant NRT and their functional 
applications has been reviewed by Fan et al. [35]. Plant NRT/PTR gene family has 
been renamed as NPF family [36] and contains a large number of genes that can 
be subdivided into at about 10 sub-families. The family has 93 known genes in rice 
[37]. NPF members not only transport nitrate but a wide range of other substrates 
including peptides [38], phytohormones such as auxin [39], abscisic acid [40], 
Jasmonates [41], and Gibberellins [42] further indicating the importance of these 
genes in plant physiology and crop production. Several members of the family 
have remained a focus of different scientific studies, especially in rice, describing 
significant increase in the overall yield, early maturity and the composition of soil 
microbiota [43–45] and should be a topic of future research in grain crops.

After decades of research in different living organisms, it has now become clear 
that practical utilization of recent advances in modern biotechnology is inevitable. 
Plant science has probably benefited the most from biotechnological advancements 
in terms of modifications at genome and proteome levels. With the advent of differ-
ent gene editing techniques such as the CRISPR/Cas technology, any type of genetic 
modification has become easy and quick. A simple search on the web of science 
using “CRISPR rice” as keywords turns up 96 different research papers published 
from 2013 to 2020. Similarly, a search for “CRISPR wheat” shows up 25 research 
papers between 2017 and 2019, whereas searching for “CRISPR maize” shows up 17 
research papers. This indicates the rapid adoption of newly developed techniques 
by plant scientists for genetic modifications in these plants. The use CRISPR/
Cas technology for genetic modifications in grain crops has been described in the 
chapter by Hussain et al. [46] available as online first (https://www.intechopen.com/
online-first/crispr-cas9-mediated-gene-editing-in-grain-crops). In this scenario, 
the availability of genome sequences and other genetic resources of grain crops such 
as rice (Rice Genome Annotation Project http://rice.plantbiology.msu.edu/), wheat 
(International Wheat Genome Sequencing Consortium https://www.wheatgenome.
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org/), maize (Maize Genetics and Genomics Database https://www.maizegdb.
org/), soybean (Integrating Genetics and Genomics to Advance Soybean Research: 
SoyBase https://www.soybase.org/), and other legumes (Legume Information 
system https://www.legumeinfo.org/) has further facilitated scientific research 
on grain crops at the cell or genome level. Further scientometric, informetric, and 
bibliometric studies are required to establish a detailed account for the impact of 
recent advances in grain crops research.
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