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Abstract

Chickpea (Cicer arietinum L.) is a nutritionally dense pulse crop that plays a crucial role in global food
and nutrition security. Rich in high-quality plant-based protein, it serves as an excellent meat substitute,
particularly in vegetarian diets and in regions where animal protein is economically or culturally
inaccessible. India remains the leading producer and consumer of chickpeas, reflecting the crop’s deep
integration into traditional diets. The use of chickpeas dates back thousands of years, with
archaeological and historical records documenting their significance in Middle Eastern, Mediterranean,
and South Asian cuisines. Nutritionally, chickpeas are valued not only for their protein content (17-
24% of seed dry weight), but also for their richness in non-starch carbohydrates, dietary fiber, vitamins,
and essential minerals like iron, zinc, and magnesium. The low glycemic index and calorie content
make chickpeas suitable for managing blood sugar levels and supporting weight control. Furthermore,
they are gluten-free and low in allergens, making them widely acceptable across dietary restrictions.
Chickpeas also contain health-promoting phytochemicals such as saponins, flavonoids, and phenolic
compounds, which exhibit antioxidant and anti-inflammatory effects. These contribute to potential
protective roles against cardiovascular diseases, diabetes, and certain cancers. Breeding programs aim
to enhance nutritional traits through traditional selection, molecular tools, and genomics. However,
improving seed quality is challenged by genetic complexity and environmental influences. Addressing
these limitations through integrated breeding and biotechnology offers a promising path forward.
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1. Introduction
Chickpea (Cicer arietinum L.) is a nutrient rich legume crop which is widely used for human
consumption and cultivated as Rabi season cool annual crop. After field peas and dry beans,
chickpea occupies the third key position among pulse crops cultivated worldwide (Jukanti et
al., 2012) B9, It is considered as an alternate for meat as it is rich in protein. The chickpea
crop covers an area of 14.81 mha around the world and the production obtained is 18.09 mt
with a productivity of 1222 g/ha in 2022 with India being the largest producer and consumer
(FAOSTAT, 2024) U4, Seventy percentage of world’s chickpea production comes from
India, Pakistan, Turkey and Iran. The chickpea is also cultivated in 59 countries (Jukanti et
al., 2012) B including Australia, Ethiopia, Myanmar, Mexico, Canada and USA. Human
consumption of Chickpea has been continuous starting from ancient times on account of its
excellent nutritional characteristics (Jukanti et al., 2012) 391,
Diverse micronutrients are essential for nutritional security and to combat physiological
disorders like obesity and diabetes which could be achieved by supplementing cereals, the
staple food of many regions with pulses like chickpea as they are blended with high fibre and
low glycemic index (Gupta et al., 2023) 21, Consumption of considerable quantity of protein
rich foods could fight widespread protein malnutrition in developing countries particularly
among infants and children. Being a cheap source of protein chickpea acts as an alternate for
animal protein to consumers globally with low income particularly in developing countries
where large population has limited access to animal protein (Ramalho Ribeiro and Portugal
Melo, 1990) ™!, Legume protein has predominant content of albumin and globulin
concentrated with globulin protein vicilin, convicilin and legumin along with small quantities
of prolamines and gluteins (Rachwa-Rosiak et al., 2015) “. Though productivity of
agricultural crops has enhanced, more than 820 million populations in the world suffers for
food availability and malnutrition is reported in 2 billion humans (Jha et al., 2024) ?7],
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Chickpea is a valuable micronutrient source with high iron,
zinc, magnesium and copper content. Zinc and Iron are the
micronutrients essential for development and growth.
Chickpea is having high nutritional value with potential
functionality to fight against several diseases (Kerem et al.,
2007) 4, Apart from having rich protein and dietary fibre
this pulse crop is demonstrated to possess high fibre and
hence its consumption is recommended to control various
diseases (Jukanti et al., 2012) 3%, Evidence is available to
show that regular intake of pulses decreases serum
cholesterol (Ha et al., 2014) 192! due to low glycemic index
of pulses. The additional health benefits pulses provide are
they decrease blood pressure (Jayalath ef al., 2014) 2%, The
fibre in chickpea plays a vital role in reducing weight, risk
of stroke, type 2 diabetes, coronary heart disease,
gastrointestinal disorders and hypertension (Bhagyawant et
al., 2019) B!, Previous research observed that the bioactive
compounds in chickpea has antihypertensive effect (Summo
et al., 2019) ¥, Zhang et al., 2011 B¥ reported that
chickpea protein is identified to have balanced high
bioavailable and rich essential amino acids and the protein
hydrolysate has various bioactivities like decrease in
antigenic activity and inhibition of ACE (angiotensin I
converting enzyme). Chickpea have appreciable antioxidant
properties as they are loaded with polyphenols
(Azarpazhooh and Boye 2012) 1, In this review details of
nutritional characteristics of chickpea, the discrepancies
between desi and kabuli types along with breeding strategies
to improve nutritional content of chickpea were elaborated.

2. Nutritional differences in chickpea types

These two types of chickpea viz., desi and kabuli types
which vary not only morphologically but also in nutrition
present in seed. The nutritional factors especially the
amount of protein and its composition is not only governed
by genotypes but also by environment factors including
location, crop season and various analysis methods adopted
by different researchers (Zia-Ul-Haq et al., 2007) [°!. The
leaf nutritional factors remain same for both the types and in
the dry matter, the major nutritional factors studied are
calcium, potassium, phosphorus, magnesium while the
minor nutritional factors are iron, zinc, manganese, copper,
boron and nickel. Chickpea seed has abundant protein
source with dense dietary protein, high non starch
carbohydrates, enhanced digestibility, while low in calories
and allergens though deficit in methionine and cysteine, the
essential sulphur containing amino acids (Grasso et al.,
2022) U81. Chickpea is mainly composed of carbohydrates,
protein, fat, fibre, vitamins and micronutrients (Grasso et
al., 2022) U8l Besides, chickpea is enriched with
antioxidants due to the presence of phenols, isoflavones,
tannins, sterols and carotenoids along with anti glycemic
and tumour fighting properties (Rachwa-Rosiak ez al., 2015)
(401 The divergent micronutrient requirements can be met
only when cereals are consumed with pulses as pulse crops
like chickpea is composed of vital micronutrients, dietary
fibre and low glycemic carbohydrates which is essential for
reducing the diabetics risk and obesity (Gupta et al., 2023)
(21l Remarkably, chickpea is rich in essential amino acids
which is above the recommendation of the WHO (Onder et
al., 2023) 381

Apart from chickpea seed which is primarily consumed the
chickpea leaves are also rich in nutrients and is consumed as
leafy vegetable. The chickpea leaf consumption fetches
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vitamins such as phylloquinone, ascorbate and B-carotene
along with other carotenoids which serves as antioxidant
(Kaur and Kapoor, 2002) PY. The presence of essential
minerals in chickpea is significantly higher than that in
cabbage and spinach.

2.1 Carbohydrates

The carbohydrate content in chickpea ranges from 50-58%
(Jukanti et al., 2012) Apart from starch cellulose,
hemicellulose and pectin accounts for 4-13%, 3.5-8.8% and
1.5-3.8% respectively (Wood and Grusak, 2007). On
comparing desi and kabuli types of chickpea it was observed
that both has more of amylopectin than amylose but kabuli
has more amylose compared to desi types (Grasso et al.,
2022) 81 The soluble sugars were reported to be high in
wild species of chickpea than cultivated and found to have
positive association with starch content (Kaur er al., 2019)
(321, The quality of carbohydrate available in chickpea is
with low glycemic index (Abbo et al., 2005) 1. Chickpea is
a rich source of carbohydrate when compared to other
pulses particularly ribose, galactose, fructose and glucose as
monosaccharides, sucrose and maltose as disaccharide and
raffinose, verbascose, stachyose and ciceritol as
oligosaccharides (Han and Baik, 2006) 241,

In plants, sucrose is the abundant disaccharide followed by
a-galactoside (Jones et al., 1999) 8. The prime a-
galactosides found in chickpea fall under two main
categories. The trisaccharide raffinose, the tetrasaccharide
stachyose and pentasaccharide verbascose forms one group
(Han and Baik, 2006) 41 while galactosyl cyclitols forms
the other group which also includes ciceritol. Insignificant
fractional variation was found for carbohydrates among desi
chickpea and kabuli chickpea types (Wang and Daun, 2004)
(52, The variability ranged genetically for raffinose content
from 10.33mg/g in a wild accession of chickpea to 0.66
mg/g in a kabuli variety of chickpea (Kaur et al., 2019) 132,
In a correlation study analyzing the association between
raffinose oligosaccharides with other carbohydrates it was
found to have significant positive association with other
sugars in both chickpea types (Gangola et al., 2013) 151,
Though raffinose causes flatulence it is found to be
beneficial in promoting prebiotic bacterial growth and in
prevention of allergies, obesity, diabetics etc., and in plants
they impart abiotic and biotic stress tolerance in addition to
regulation of seed viability (Elango et al., 2022) 1,

2.2 Protein

Pulses including chickpeas are nutritious for a long time due
to its protein rich properties. On comparison the kabuli
chickpea types have more digestibility than desi chickpea
(Sanchez-Vioque et al., 1999) 3, Chickpea is rich in amino
acids except for sulphur containing amino acids which could
be compensated with cereals (Zia-Ul-Haq et al., 2007) ¢,
Limited studies have reported that chickpea also have deficit
in aspartic acid and arginine. Desi and Kabuli types of
chickpeas do not differ significantly for amino acid content
(Wang and Daun 2004) 2!, The protein content significantly
varies between desi and kabuli types (Jukanti et al., 2012)
(39 and again between genotypes (Wang and Daun, 2006)
(531, Gaur et al., 2016 ['®! from his study reported that Kabuli
chickpea types have lesser protein content of 20.55% than
desi types of chickpea with 29.2% while Kou et al., 2013
reported protein content as 22.2% in desi and 23.4% in
kabuli types. The difference between desi and kabuli types
mainly based on the genotypes selected in the study. The
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globulin, prolamine, gutein and albumin content also differs
significantly as reported in various studies based on the
genotypes selected.

2.3 0il

Chickpea is the pulse crop with fat content of 6.04% which
is highest among the legumes (Allen et al., 2006) %4 and the
oil is comprised primarily of unsaturated fatty acids (Gul
and Egesel, 2008) (2!, Lipid profile of this crop has storage
lipids, primarily triacylglycerols, and membrane lipids like
phospholipids, sphingolipids, glycolipids, and phytosterols
along with storage and membrane lipids account for fat
content in chickpea (Madurapperumage et al., 2021) B3,
Triacylglycerols contribute 56-67% and phospholipids 17-
20% (Zia-Ul-Haq et al., 2007) '°°1. Fascinatingly, raw
chickpea has more polyunsaturated fatty acids than cooked
ones (Wallace et al., 2016) DU, Several studies have
reported divergently for fat content variation, which ranges
from 3.8 to 10% (Jukanti et al., 2012) 3%, The chickpea oil
contains linoleic acid predominantly followed by oleic and
palmitic acid (Gul and Egesel, 2008) 21,

2.4 Fibre

Chickpea, being a rich source of fibre and unsaturated fatty
acid, it is regarded as food that reduces cholesterol. (Jukanti
et al., 2012) B, The composition of dietary fibre is mainly
of polysaccharides or oligosaccharides and lignin along with
other plant related substances (AACC, 2001) Bl Pulses
varies in dietary fibre quantities and variations are observed
in ratio of soluble to insoluble fibre content (Tosh and Yada,
2010) P9, Slow digestion takes place for soluble dietary
fibre in colon but insoluble remains metabolically inert and
helps in colonic bacterial growth and thereby bowel
movement (Tosh and Yada, 2010) 5%,

2.5 Vitamins

The crop is rich in vitamins like riboflavin, thiamin, niacin,
folate and B-carotene the precursor of vitamin A. (Abbo et
al., 2005) ™. and contain tocopherols. The availability of
vitamin B2, vitamin B5 and vitamin B6 are equivalent or
more as compared to other legumes. Raw chickpea has more
vitamin A than cooked chickpeas as cooking causes
significant reduction in vitamins (Wallace et al., 2016) P!,
Vitamin A precursor, -carotene is present in chickpea in
significant amounts ranging from 22micrograms per gram of
yellow cotyledon kabuli seed to 44micrograms per gram of
green cotyledon desi seeds (Rezaei et al., 2019) 3. The
same group of researchers also reported that predominant
carotenoids found in green cotyledon chickpea variety seeds
are lutein and zeaxanthin with high provitamin A
comprising B-carotene and B cryptoxanthin. The flavonoids,
phenolics, anthocyanins and the Carotenoid content are
higher in desi, dark brown seeds as compared to kabuli,
beige seeds (Zhao et al., 2021) ¥ Chickpeas have vast
genetic variation for different B vitamins which includes
thiamine, riboflavin and niacin and significant variations
were observed between desi and kabuli chickpeas for
different B vitamins (Jukanti et al., 2012) B%. Vitamin E
also called as tocopherol has four forms - a, B, vy and 6,
among these gamma tocopherol is a natural antioxidant and
chickpea oil is rich in tocopherol.

2.6 Micronutrients

The micronutrients rich in chickpea seeds are iron, zinc,
calcium, copper and manganese. Desi chickpea types have
significantly higher calcium content than kabuli types but
remain similar for other mineral content (Wang and Daun
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2004) B2 The iron and zinc content were positively
correlated among themselves and with hundred seed weight,
but all these three characters were negatively correlated with
seed yield across environments, driving breeding for
increased nutrient content at the cost of yield. Hence it is
recommended that moderate yield should be concentrated
with high micronutrients rather than primarily increasing
nutrient leaving grain yield (Srungarapu et al., 2022) 1481,
The availability of various micronutrients like copper, iron,
zinc, magnesium, manganese, calcium, sodium, potassium,
phosphorus and chromium had been reported by different
workers (Wang & Daun 2004) B2,

3. Bioactive compounds

Epidemiological studies reported an inverse association
between the consumption of legumes and the incidence
of age-related diseases (Kris-Etherton et al., 2002) B4,
The beneficial effect oflegumes on health could
be attributed to their content of phenolics and flavonoids
which are the most active antioxidant compounds in foods
(Dudonne et al., 2009) . Furthermore, anti-oxidant
defences rely heavily on minerals in the diet, such as Fe,
Mn, Cu, Zn, and Mg (Evans & Halliwell, 2001) "2, Dietary
antioxidant compounds can stimulate cellular defences
and help prevent oxidative damage (Dudonne et al., 2009)
1 There are several research focusing on various methods
utilized in calculating antioxidant property. These methods
could be organised as Hydrogen Atom Transfer (HAT) or
Electron Transfer (ET) based assays. The second
classification contains the total phenols method by utilizing
the phenols to calculate the antioxidant property of fruits,
vegetables, legumes and other products.

The two protease inhibitors present in chickpea are trypsin
and chymotrypsin. These two have an important role in
fighting the stress induced by biotic and abiotic factors
(Sharma and Suresh 2015) “¢, However, on consumption,
these inhibits proteolytic enzymes leading to difficulties in
protein digestion (Gupta et al. 2017) 3. These protein
digestion inhibitors can be degenerated using high
temperature for an hour (El-Adawy 2002) 9. Previously
amylase was considered as an antinutritional factor, present
studies show slow release of glucose on consumption.
(Sievenpiper et al. 2009) 7!, The inhibition of amylase
activity variation is found to be 0.05-8.7 IU/mg, and the
glycoproteins such as lectins or hemagglutinins present in
chickpea binds reversibly with specific sugar molecules. On
consumption the chickpea phytolectins interacts with
erythrocytes and glycoprotein causing hemagglutination.
(Gupta et al. 2017) 3. These compounds are degenerated
on cooking and got reduction upto 77% in germinating
seeds (El-Adawy 2002) [9  Autoclaving reduces the
polyphenols by 21 to 31 percent while sprouting by 19-28
percent (Jood et al. 1987) . The sum of all phenolic
content varies between 0.64 to 3.03 g/kg and tannins varies
between traces to 5.1 g/kg in the seeds of chickpea.

The hard to cook nature of pulses including chickpea is
proposed to be due to presence of phyric acid. This imbibes
most of the phosphorus content leading to indigestion. On
sprouting the phytic acid is degenerated by phytase enzyme
and in 48 hours’ significant reduction is observed (El-
Adawy 2002) [ According to the literature studied, phytic
acid composition in chickpea ranges between 5.8 and 12.1
g/kg of chickpea seeds. Oligosaccharides in chickpea are not
digested in humans because the intestinal mucosa lacks the
a-1,6-galactosidasehydrolytic enzyme required for its
breakdown. Microflora in the lower intestine breaks down
these undigested oligosaccharides, thus causing the
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production of flatus. Stachyose 1is the principal
oligosaccharide in chickpea. Soaking for 24 hours and
cooking eliminates 66 percent raffinose and an extent of 50
percent stachyose present in chickpea. Oligosaccharides
could be removed by germination (Mahmood et al. 2018)
1361 Soaking and heat treatment is observed to eliminate the
toxin completely. The acute haemolytic property associated
with natural surfactant, saponins is traditionally known to
cause toxicity (Rao and Koratkar 1997) 42, Saponin is also
known to be eliminated on cooking (El-Adawy 2002) %,

4. Pharmacological activities of green coffee beans

4.1 Anti-cancer properties

Chickpea has lectins, biopeptides like protein hydrolysates,
histidine, albumin hydolysates etc., are the phytochemicals
involved in increasing the chickpea potentiality in
preventing cancerous growth. Lectins present in chickpea
have activity which inhibits MCF 7 cancer cells causing
tumours in breast (Gupta et al., 2018) ??!. Some of the
natural antioxidants found in chickpea are detailed below.
Protein hydrolysates are reported to combat colon cancer
(Altomare et al., 2021) 1?!. Albumin hydrolysates are present
in chickpea peptide which are anti cancerous (Sallam et al.,
2021) ™4 and found to show inhibition of MCF 7 (Michigan
Cancer Foundation 7) and MDA-MB-231 (MD Anderson
Metastatic Breast 231) both cause breast cancer by
enhancing the activity of tumor suppressor gene p53 (Xue et
al., 2015) B9 Formononetin and biochanin A are the
Isoflavonoids present in chickpea along with their related
glycosides (Wu et al., 2012) 133,

4.2 Antidiabetic activity

Blood sugar could be controlled by consumption of
chickpea as it has low digestible starch, rich dietary fibre,
protein and due to its hormonal balances as nutrient rich
foods are more supportive in controlling diabetic diets than
usage of overprocessed carbohydrates (Nam et al., 2023)
371, Low glycemic index is found in many pulse crops which
includes chickpea (Sievenpiper et al., 2009) “7! which helps
in blood sugar control by regulation of glucose levels in
blood stream (Gkountenoudi-Eskitzi et al., 2023) U7,
Through investigation of peptide sequences it was found
that SPGAGKG is an active peptide in chickpea which
inhibits the alpha glucosidase and DPP IV compounds and
hence this peptide could act as an important source for
controlling blood sugar (Chandrasekaran and De Mejia,
2022) 161,

4.3 Anti-obesity activity

Chickpea because of its richness in isaflavones which are
different from other flavonoids due to their benzenoid B
ring associated with third carbon in planar ring system
exhibits anti-obesity activity due to the suppression against
oxidation and inflammation (Correa et al., 2019) Ul
Fermented chickpea using lactiplantibacillus species from
salted oyster found to be a promising product for reducing
obesity and fat accumulation which also includes white
adipose tissues

4.4 Anti-hypertensive activity

Peptide present in chickpea is inhibitory to angiotensin I
converting enzyme and hence have anti-hypertensive
activity. Apart from peptides chickpea hydrolysates also
have ACE 1 inhibition activity. These hydrolysates or
peptides were from enzymes secreted either gastrointestinal
or non-gastrointestinal. These enzymes include pepsin,
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flavourzyme, trypin and more importantly alcalase (Yust et
al., 2003) 57,

4.5 Anti-inflammatory activity

Chickpea oil is found to have anti-inflammatory activity and
found to have considerable reduction in pain and stiffness
when applied. Hence it has therapeutic significance.
Phenolic compounds present in chickpea too have anti-
inflammatory activity. It was also reported that chickpea
peptides have profound effect on healing inflammation
(Hernandez et al., 2019) !

5. Quality enhancement objectives in chickpea breeding
5.1 Protein rich chickpea

The pulses protein content is highly influenced by
environmental impact and cultivar too play a prominent role
(Wang and Daun, 2006) 3. Among the various studies
analyzing seed protein content in chickpea variability was
observed by many researchers and a range of 4.6 - 33.9%
seed protein content was reported by Bhagyawant et al.,
2018. Fascinatingly, the seed protein content varied in
commercial cultivars between 18.19 30.44% while
germplasm accession recorded high values in a range of
19.41 - 33.56% (Grewal et al., 2023) "?. Studies have
compared the seed protein content and found it to be higher
desi followed by kabuli and wild relatives (Jha et al., 2024)
(27 Using germplasm with high seed protein content, the
protein content in chickpea can be further increased and
exploited commercially.

5.2 Chickpea with enhanced seed protein content

Quality empowerment in chickpea, especially seed protein
content needs attention and studies on seed protein content
is incomplete. Seed protein content is reported to be
negatively correlated with yield (Srungarapu et al., 2022)
(481 'mentioning a compromise between seed protein content,
size of seed, and economic yield (Gaur et al., 2016) 19,
Nevertheless, identification of transgressive segregants with
increased seed protein content and enhanced grain yield
could combat protein hunger through development of
chickpea cultivars rich in seed protein content (Gaur et al.,
2016) 18, Commercial cultivars with rich seed protein
content, viz., GNG 2144, H-82-2, L 144, Pusa 112, and Pusa
5023 (Grewal et al., 2023) 11, could act as potential donors
for chickpea crop improvement programmes focused with
enhancing seed protein content and yield in future.

5.3 High protein efficiency ratio by increasing the amino
acids methionine and tryptophan

Some commercial varieties in chickpea were found to
exhibit more content of essential amino acids than that
recommended by WHO (Grewal et al., 2023) %], The desi
chickpea types have more methionine than the kabuli
chickpea and variability was also found in lysine, leucine
and serine content. Hence protein efficiency could be
improved and biofortified varieties in chickpea could be
developed.

5.4 Chickpea with low antinutritional factors

The presence of antinutritional factors like tannins,
saponins, trypsin inhibitor and phytic acid has been reported
in chickpea (Kaur et al., 2019) 32! which inhibits the
nutrient bioavailability. Variation in the amount of
antinutrients has been observed by many researchers in
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chickpea and hence rigorous selection could be employed
for developing chickpea with low antinutrients

5.5 Increased PUFA like oleic and linoleic acids

On comparing similar edible pulses such as lentil with
chickpea, the oleic and linoleic are the polyunsaturated fatty
acids higher in chickpea. The composition of fatty acids in
chickpea is  approximately = 66  percentages  of
polyunsaturated 19% of monounsaturated and 15% of
saturated fatty acids with desi having more of oleic acid and
kabuli with high linoleic acids (Wang and Daun 2004) B2,
Thus, crossing kabuli with desi types would increase both
these aminoacids.

5.6Mineral rich chickpea (Calcium, potassium and iron)
On average hundred grams of chickpea raw seed could meet
the daily human dietary iron and zinc requirement while
200g of chickpea is needed to meet magnesium requirement
(FAO 2002) 31 On comparison with beans and lentils,
chickpea is low in iron content (Quinteros et al., 2001) B3],
Research on chickpea minerals is less and could be
furthered for production of mineral rich chickpea.

5.7 Chickpea varieties rich in ascorbic acid and carotene
Chickpea is a comparatively rich source of folate along with
vitamin B2, Vitamin B5 and Vitamin B6 than other pulse
crops (Lebiedzinska and Szefer, 2006) ®! In general, the
carotenoids concentration other than lycopene is more in
wild types than the domesticated types of chickpeas (Abbo
et al 2005) . Hence wide hybridization could address the
carotene rich chickpea.

6. Breeding strategies used in quality enhancement
Advancement in identification of QTLs Ilinked with
increased nutritional profile and genome wide association of
protein, beta-carotene, iron, zinc, phosphorus, calcium and
potassium in a group of chickpea genotypes.
Biotechnological interventions for biofortification of
chickpea included combination of chickpea nicotianamine
synthase 2 (CaNAS2) and soybean ferritin (GmFER) genes
that have recorded to improve iron content from the
transgenic seeds, however, more research is needed in this
aspect (Das et al., 2023) &1,

7. Conclusion

This review describes the nutritional characteristics of
chickpea with various ways in which it could be enhanced
and the constraints faced in enhancing the nutritional
characteristics. Chickpea is a cheap protein source enriched
with dietary fibre, minerals and vitamins. The nutritional
benefits both directly and indirectly plays a role in disease
prevention which has been outlined in many studies. These
characteristics could be enhanced through breeding for
quality. The constraints and ways for quality enhancement
are also discussed in this review. Future research needs to be
focused on quality improvement without sacrificing yield
and stress resistance.
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