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Abstract Legumes are well known for their nutritional and
health benefits as well as for their impact in the sustain-
ability of agricultural systems. Under current scenarios
threatened by climate change highlights the necessity for
concerted research approaches in order to develop crops
that are able to cope up with environmental challenges.
Various abiotic stresses such as cold, heat, drought, salt,
and heavy metal induce a variety of negative effects in
plant growth, development and significantly decline yield
and quality. Plant growth regulators or natural products of
plants are reported to be effective to improve plant toler-
ance to several abiotic stresses. Gamma Amino Butyric
Acid (GABA) is a non-protein amino acid involved in
various metabolic processes, and partially protects plants
from abiotic stress. GABA appears to impart partial pro-
tection to various abiotic stresses in most plants by
increasing leaf turgor, increased osmolytes and reduced
oxidative damage by stimulation of antioxidants. We have
compiled various scientific reports on the role and mech-
anism of GABA in plants against coping with various
environmental stresses. We have also described the
emerging information about the metabolic and signaling
roles of GABA which is being used to improve legume
crop against abiotic stress.
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Introduction

The worldwide population will reach 9.6 billion people, by
2050, and will face extreme challenges among which
attaining food security is a high-priority issue (Stagnari
et al. 2017). According to FAO (2020), even before
COVID-19, 135 million people globally were already
struggling with severe food insecurity and the present
scenario creates a situation of “a crisis within a crisis”.
Food security is also a high-priority issue for achieving
sustainable development goal 2 i.e. zero hunger (UN 2019).
The Worldwide Global Nutrition Report (2020), high-
lighted that maximum countries of the world including
India have large number of children who are stunted due of
nutritional deficiencies. To meet these challenges, a policy
framework needs to be developed in which the sustain-
ability of production/consumption patterns becomes cen-
tral. In this context, food legumes and legume-inclusive
production systems can play important roles by delivering
multiple services in line with sustainability principles
(Stagnari et al. 2017).

Indeed, legumes play a central role; at food level sys-
tem, both for human and animal consumption, as a source
of plant protein and with an increasingly importance in
improving human’s health. At production level, their
capacity to fix atmospheric nitrogen makes them poten-
tially and extremely suitable for inclusion in low-input
cropping systems and owing to their role in alleviating
greenhouse gases emission (Jensen et al. 2010; Westhoek
et al. 2011). At cropping system level, as diversification
crops in agroecosystems based on some major crop species,
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breaking the cycles of pests and diseases and contributing
to balance the deficiency in plant protein production in
many areas of the world (Stagnari et al. 2017). Legumes
rank third in world crop production, after cereals and oil-
seeds and the second most important crop family, with
nearly 20,000 species (Sita et al. 2017). Grain legumes are
cultivated in different seasons, namely cool-season food
legumes such as broad bean (Vicia faba), lentil (Lens
culinaris Medik.), lupin (Lupinus L.), dry pea (Pisum
sativum), chickpea (Cicer arietinum), grass pea (Lathyrus
sativus) and common vetch (Vicia sativa) and warm/trop-
ical-season food legumes are pigeon pea (Cajanus cajan),
cowpea (Vigna unguiculata), mungbean (Vigna radiata),
common bean (Phaseolus sp.) and urd bean (Vigna
mungo), which are mostly grown in hot and humid envi-
ronments (Vadez et al. 2012; Sita et al. 2017). Legume
cropping is expanding to warmer regions, and suitable for
legume integration into annual cropping systems (Stagnari
et al. 2017). Subsequently, in cropping systems legumes
play a significant role in ensuring food security for rising
population (Foyer et al. 2016; Considine et al. 2017; Liu
et al. 2019).

The influence of change in climate and associated fac-
tors (biotic and abiotic) affects the crop production and
yield, by declining average yields of major crop plants
around the world (Chaves et al. 2003; Yadav et al. 2015).
The increasing unpredictability of climate change certainly
exaggerates these abiotic stresses, in turn affecting huge
damage to the agricultural world. As a result, precise
environmental adaptation strategies on target plants were
developed (Beebe et al. 2011). One of the most noteworthy
plant adaptation strategies to abiotic stresses was to acti-
vate multiple complex responses that involved physiolog-
ical, biochemical, cellular, and molecular processes with
many different pathways at the whole-plant level (Atkinson
and Urwin 2012). According to Nayyar et al. (2014) one of
the simplest and practical means to impart heat tolerance in
heat sensitive crop species involves employing biomole-
cules with protective roles in stressed plants. Amino acids
especially non-protein compounds such as GABA are
reported to play a substantial role in functioning of plant,
exclusively under stressful circumstances, due to their
significant role in plant osmoregulation, antioxidant
defense, and act as signaling molecule (Nayyar et al. 2014;
Priya et al. 2019). Considering the significant role played
by the GABA against different abiotic stresses and
improving the plant varieties, the present review compiles
information related to this topic focusing on legumes.

GABA

GABA (Gamma Amino Butyric Acid) a well-recognized
ubiquitous non protein amino acid was reported in potato
tuber (Thompson et al. 1953) and after 1 year later it was
identified in mammalian brain (Awapara et al. 1950). It
acts as endogenous signaling molecule in plant growth and
development and rapidly accumulates in plant tissue in
response to several abiotic and biotic stresses (Roberts
2007). Being an essential intermediate of nitrogen meta-
bolism and amino acid biosynthesis, it plays a key role in
primary and secondary metabolite synthesis (Ramos-Ruiz
et al. 2019). Numerous research studies revealed that
GABA is involved in facilitating tolerance to various abi-
otic stresses such as: temperature (Nayyar et al. 2014; Priya
et al. 2019), water scarcity (Yong et al. 2017), salinity
(Cheng et al. 2018), low light and nitrogen starvation
(Kinnersley and Lin 2000). It stimulates plant growth and
alleviates stress via up-regulating antioxidant defense sys-
tem; therefore, it contributes to enhancement of shelf life
due to higher antioxidants activity and quality of crop
during storage (Ramos-Ruiz et al. 2019). The content of
GABA depends upon the plant growth and developmental
stage, and level of concentration significantly increased
during germination of seeds (Kim et al. 2013). The func-
tioning of GABA in plants has attracted new attentions in
last decade following the findings that intracellular and
extracellular GABA concentrations increase quickly in
response to a variety of stresses (Shelp et al. 2017). Gen-
erally, level of GABA in plant tissue are ranged between
0.03 and 2.0 pmolg ' (fresh weight), however it increased
many folds in response to abiotic stress (Bhattacharya et al.
2018).

Biosynthesis of GABA

Generally, GABA is synthesized in vivo by a metabolic
pathway known as GABA shunt pathway, firstly observed
in plants (Steward 1949). GABA shunt functions for syn-
thesis as well as maintenance of optimum GABA levels. It
comprises of three main reactions catalyzed by cytosolic
enzyme glutamate decarboxylase (GAD, E.C.4.1.1.15)
mitochondrial enzymes GABA-T (E.C.2.6.1.19) and
SSADH  (succinic  semi-aldehyde  dehydrogenase)
(E.C.1.2.2.16). Primarily, GAD (glutamic acid decarboxy-
lase) catalyzes a-decarboxylation of glutamate to GABA in
an irreversible reaction which is the rate limiting step in
GABA synthesis (Shelp et al. 1995; Rashmi et al. 2018).
GABA at this point converted to succinic semi aldehyde
(SSA) by GABA-T and further SSADH converts SSA to
succinate as described in Fig. 1 (Bown and Shelp 1997).
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Fig. 1 Biosynthesis of GABA in plants by GABA shunt. Abbrevi-
ation’s: (GAD) Glutamate decarboxylase; Ca2+ Calmodulin;
(GABA-P) GABA permease; (GABA-T) GABA transaminase; (o~
KG) a-ketoglutarate; (Pyr) pyruvate; (SSADH) succinic semialde-
hyde dehydrogenase; (ETC) electron transport chain; (SSA) succinic
semialdehyde; (GBH) y-hydroxybutyric acid; (SSR) succinic semi-
aldehyde reductase. (Figure modified from Ramos-Ruiz et al. 2019)

GABA-T is dependent on pyruvate and glyoxylate as
amino acceptors, thus producing alanine and glycine, cor-
respondingly (Clark et al. 2009). In plants GABA-T favors
2-oxoglutarate over pyruvate and hence recovering gluta-
mate for GAD reaction reported in tomato fruit. Therefore,
succinate produced by SSADH may enter TCA cycle either
can take part in electron transport chain in mitochondria as
an electron donor (Akihiro et al. 2008). Yet, it is also
observed in plants, animals, and E. coli that SSA can be
changed to gamma-hydroxybutyrate (GHB) through a
GHB dehydrogenase (GHBDH) (Rashmi et al. 2018).
Apart from SSADH, all other enzymes of GABA biosyn-
thetic pathway have been reported in multiple forms in
plants; though, their number varies among species (Shelp
et al. 2012; Trobacher et al. 2013). In plants, it is prominent
that GAD has a calmodulin (CaM)-binding domain facili-
tating in vitro activity at pH 7.0-7.5 to be turned-on by the
Ca”" /CaM complex, whereas, at acidic pH, GAD activity
is least affected by Ca**/CaM and has a sharp pH optimum
at 5.8 (Rashmi et al. 2018; Priya et al. 2019). Alternate
pathways of GABA synthesis from putrescine and other
polyamines have also been reported. Here, gamma-amino
butyraldehyde, an intermediary from polyamine degrada-
tion reaction through combined activities of diamine oxi-
dase (DAO, E.C. 1.4.3.6) and 4-aminobutyraldehyde
dehydrogenase (ABALDH), leads to the synthesis of
GABA (Shelp et al. 2012).
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Role of GABA to mitigate abiotic stresses

Abiotic stress increases GABA accumulation through two
different mechanisms. Abiotic stress causes metabolic and
a mechanical disruption that leads to cytosolic acidification
induces an acidic pH dependent glutamate decarboxylase
activation and GABA synthesis. Mei et al. (2016) reported
a substantial decrease in cytosolic pH in waterlogged soils
which have hypoxia condition and this stress enhanced the
accumulation of GABA. The other mechanism is calcium
dependent synthesis of GABA in various abiotic stresses
such as heat, cold, salinity, drought and slight environ-
mental fluctuations. These stresses quickly raise the cel-
lular levels of Ca®" and increased cytosolic Ca®"
stimulates calmodulin-dependent glutamate decarboxylase
activity and GABA synthesis (Bhattacharya et al. 2018).

The abiotic stress tolerance of plants enhanced by the
positive regulation of GABA shunt and associated path-
ways, whereas, endogenous GABA levels were enhanced
by the exogenous application of GABA (Bao et al. 2015).
Various studies reported on crop plants such as lentils (lens
culinaris Medik.), melon (Cucumis melo L.), rice (Oryza
sativa), and wheat (Triticum aestivum) shows that the
exogenous application of GABA efficiently alleviated
germination or growth inhibition caused by unfavorable
environmental conditions such as extreme temperatures
(Nayyar et al. 2014), drought (Li et al. 2016a), salt (Kumar
et al. 2017), light or oxygen stress (Ramos-Ruiz et al.
2019). Exogenous GABA application in plants during
stress condition, enhanced photosynthetic capacity,
enhanced anti-oxidative enzymes, subsequently decrease in
content of malondialdehyde (MDA), ROS accumulation, a
marker for oxidative stress (Li et al. 2016b; Jia et al. 2017),
and ultimately maintains the membrane integrity of GABA
treated plants (Aghdam et al. 2015). Figure 2 summarizes
the different mechanisms by which GABA helps plant to
overcome various abiotic stresses.

GABA and heat stress

GABA accumulation during heat stress occurs through
calcium—induced activation of enzyme glutamate decar-
boxylase, as observed in Arabidopsis plants (Locy et al.
2000; Priya et al. 2019). Exogenous application of GABA
to heat stressed plant considerably improves growth as well
as survival by reducing the membrane damage, improved
cellular viability, chlorophyll content, and photochemical
efficiency of plant leaves (Nayyar et al. 2014). Application
of GABA improved the activities of CAT, SOD, APX and
glutathione reductase in rice leaves, after short term heat
stress indicating; defending role against heat persuaded
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Fig. 2 Role of GABA to
mitigate the various abiotic
stresses in plants
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ROS (Nayyar et al. 2014). Similarly, Bor et al. (2009)
reported that a short interval of heat shock also increased
the endogenous content of GABA in cow pea and Sesamum
indicum plants. Various physiological, morphological, and
biochemical parameters were also improved with the
application of GABA under elevated temperature stress
legume plants (Ali et al. 2019).

Mungbean (Vigna radiata L.), a summer-season food
legume rich in proteins, vitamins and minerals, has tem-
perature optimum of about 35 °C/25 °C (day/night).
Temperature above > 36/28 °C (day/night temperature)
causes high temperature stress to the mungbean plants
during reproductive period, causes severe losses such as
loss of flowers, poor pod set, and reduced pod size, pod and
seed numbers and seed yield (Kaur et al. 2015). In India,
Panjab University Chandigarh Priya et al. (2019), raised
mungbean plants in outdoor natural environment (29.3/
161 £1°C as mean day/night temperature,
1350-1550 pmol m~2 s~ light intensity, 60-65% as mean
relative humidity) till the initiation of reproductive phase.
Afterwards imposed a two dissimilar temperature treat-
ments control (35/23 °C) and heat stress (45/28 °C) at,
about 800 umol m~2 s ' light intensity and 65-70% as
mean relative humidity, till pod maturity. The endogenous
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GABA content levels declined 49-60% in elevated tem-
perature stressed leaf and anther samples respectively, and
to a much lesser degree in the plants, exogenously sup-
plemented with 1 mM GABA. Furthermore, exogenously
GABA treatment considerably enhanced the reproductive
function (pollen germination, pollen viability, stigma
receptivity and ovule viability), less injury to membrane,
photosynthetic machinery, carbon assimilation such as
sucrose synthesis and its utilization and augmented accu-
mulation of osmolytes as compared to control (untreated
GABA) plants. The GABA application also produced a
greater number of pods (28%), higher seed weight (27%)
per plant as compared to controls without GABA appli-
cation. The study revealed that GABA supplementation is
beneficial for developmental and functional aspects of
flowers, related to reproductive function (Priya et al. 2019).
Very fewer studies are reported in this aspect, however in
legumes there is only one study reported on this aspect till
date. Therefore, more such studies are required to increase
the intracellular GABA can induce the expression of sig-
naling and metabolism associated genes involved in the
regulation of plant growth and plant vigor and improved
stress tolerance.
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GABA and drought stress

Drought stress is one of the most severe issues that dele-
teriously affect plant growth and development of plant
species around the world (Sehgal et al. 2018). Food crops,
such as grain legumes, which are commonly grown in
rainfed areas, are more prone to drought stress; The
worldwide climate models have predicted continuous
variability and rise in the intensity and frequency of
drought incidents (Rosenzweig and Hillel 2005; Sehgal
et al. 2019). The deficiency of accessible water restrains
plant productivity owing to drought-induced -cellular
membrane damage, nutritional imbalance, and metabolic
disorders (Zhao et al. 2020).

Yong et al. (2017), stated that the exogenous application
of GABA is an effective approach to improve the drought
stress form plants. The exogenous application of GABA
efficiently improved drought induced injury in white clover
leaves, as reflected by significantly more relative water
content, reduced electrolyte leakage, lipid peroxidation
(LPO) content, and leaf wilting. GABA application sub-
stantially enhances the drought tolerance via reducing the
lipid peroxidation content and enhancing the photosyn-
thetic pigments and mitochondrial activity in black pepper
(Vijayakumari and Puthur 2016). The exogenous applica-
tion of GABA also enhanced drought resistance in creeping
bent grass accompanying with the augmented accumula-
tion of amino acids, organic acids, and other osmotic
substances related to secondary metabolism (Li et al.
2016a). Furthermore, exogenous application of GABA in
drought induced white clover leaf rises in GABA
transaminase and alpha ketone glutarate dehydrogenase
activities, however inhibited glutamate decarboxylase
activity under both control and drought conditions, leading
to a rise in endogenous glutamate (Glu) and GABA con-
centration (Yong et al. 2017). Mekonnen et al. (2016),
reported that the decline of GABA concentration closely in
relation to a reduced resistance to drought in Arabidopsis
mutant by the knock-out of glutamate decarboxylase gene.

GABA concentrations are reported higher in legume
nodules of common bean (Antoniw and Sprent 1978),
soyabean (Serraj et al. 1998). Serraj et al. (1998), reported
that under drought stress, the accumulation of GABA
occurs in all parts of soybean plant tissues, whereas it was
more pronounced in nodules as compared to leaf and root
tissue. GAD activities are more in leaf and root tissue as
compared to nodules. This is due the decline in oxygen
permeability of nodules and oxygen deficiency inside the
nodule stimulates the GAD activities. Therefore, exoge-
nous application of GABA may increase the endogenous
level of GABA in drought stressed plants and could
improve the drought tolerance. The studies on exogenous
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application of GABA in drought stressed plants especially
in legumes are not reported in detail and studies are
required for food security and better yield production of
crop legumes grown in water deficit area.

GABA and cold stress

The temperature on the earth’s surface is very diverse,
changing during the seasons as well as during the day and
night. In plants cold and chilling temperature normally
ranges from 0 to 15 °C (Malekzadeh et al. 2012). Low
temperature stress deleteriously affects the plant growth
and development and can reduce the yield up to 15-20%
(Chaturvedi et al. 2009).

Yang et al. (2011) studies described that GABA appli-
cation significantly inhibited the cold /low temperature
injury and enhanced the anti-oxidative enzyme activities,
such as superoxide dismutase, catalase, ascorbate peroxi-
dase, glutathione peroxidase, glutathione S-transferase,
mono-dehydro ascorbate reductase and dehydro-ascorbate
reductase in peach fruit. The exogenous GABA application
also enhanced the content of adenosine triphosphate and
adenosine diphosphate, however declined the adenosine
monophosphate content, which resulted in a higher level of
energy charge in GABA treated fruit. There are some other
reports on role of GABA to mitigating cold / chilling stress
such as in peach fruit (Shang et al. 2011; Bustamante et al.
2016), wheat seedlings (Malekzadeh et al. 2012), zucchini
(Palma et al. 2019), cucumber (Malekzadeh et al. 2017),
banana (Wang et al. 2016), litchi (Zhou et al. 2019) fruits,
and tomato seedlings (Malekzadeh et al. 2014). However,
the roles of exogenous GABA application in cold stressed
legume are not reported yet.

GABA and salt stress

Salinity in soil mainly due to NaCl causes substantial
abiotic stress to the plants and affects both irrigated and
non-irrigated land area. On a worldwide scale, around 20%
of cultivated land and almost 50% of irrigated land is
affected by high salinity. It has been expected that
approximately 30% of the available land will be lost within
the next 25 years and up to 50% will be lost by 2050 due to
soil salinity (Wang et al. 2017). Taking into consideration
the projected increasing world population and food
demand, finding ways to develop crop tolerance to salt
stress constraints is a serious issue for further improving
agricultural production and enhancing global food security
(Sheteiwy et al. 2019). Exogenous GABA application
declines the accumulation of Reactive Oxygen Species
(ROS) by increasing the various anti-oxidative enzymes
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and osmolytes, help sustain cell morphology, and increase
the function of cells under salt stress (Wang et al. 2017).
Kumar et al. (2017), conducted an experiment to
examine the effect of GABA on morphological characters
and yield attributes of salt stressed blackgarm (Vigna
mungo). The results revealed that the plant height, plant dry
weight, and pod number per plant were significantly higher
in all the stages 30, 45, 60 DAS (days after sowing) by the
treatment of (NaCl 50 mM + GABA 70 mM) compared to
all control treatment of NaCl i.e. 100 mM. Whereas max-
imum seed yield 3.9 g was recorded in (NaCl 50 mM +
GABA 70 mM) treatment, which was significantly superior
over all other treatment and control was recorded.
Al-Quraan and Al-Omari (2017), studied the response of
two lentil cultivars (Lens culinaris Medik.) (Jordan 1 and
Jordan 2) to NaCl, mannitol, sorbitol, and H,O, via the
characterization of seed germination, accumulation of
ROS, and 7y-aminobutyric acid (GABA) level. GABA
application significantly enhances the malondialdehyde
(MDA) content in the two lentil cultivars in all the treat-
ments. The lentil cultivars Jordan 1 showed the maximum
germination percentages, whereas, Jordan 2 seedlings
showed the highest GABA levels and MDA accumulation
under salt, osmotic, and oxidative stresses, respectively,
compared with Jordan 1 seedlings under the same treat-
ments. The results showed that GABA shunt is a key sig-
naling and metabolic pathway that allows adaptation of
lentil seedlings to salt, osmotic, and oxidative stresses. The
results revealed that GABA shunt is an important signaling
and metabolic pathway that allows adaptation of lentil
seedlings to salt, osmotic, and oxidative stresses. Sheteiwy
et al. (2019), conducted an experiment on rice (Oryza
sativa L.) by priming of y-aminobutyric acid (GABA) at
0.5 mM on seed germination under osmotic stress (OS)
induced by polyethylene glycol (30 g/LL PEG 6000); and
salinity stress (S, 150 mM NaCl) and their combination
(OS+S). Priming with GABA significantly alleviated the
negative effects of OS, S and OS+S on seed germination
and seedling growth. The GABA primed-plants, salinity
stress alone resulted in a noticeable increase in the
expression level of Calcineurin B-like Protein-interacting
protein Kinases (CIPKs) genes such as OsCIPKOI,
OsCIPKO03, OsCIPKOS and OsCIPK15, and osmotic stress
alone resulted in obvious increase in the expression of
OsCIPKO02, OsCIPKO7 and OsCIPK09; and OS + S
resulted in a significant up-regulation of OsCIPKI2 and
OsCIPK17. The results showed that salinity, osmotic
stresses and their combination induced changes in cell
ultra-morphology and cell cycle progression resulting in
prolonged cell cycle development duration and inhibitory
effects on rice seedlings growth. These findings recom-
mended that the high tolerance to OS + S is closely
associated with the capability of GABA priming to control

the reactive oxygen species (ROS) level by inducing
antioxidant enzymes, secondary metabolism and their
transcription level. This knowledge provides new evidence
for better understanding molecular mechanisms of GABA-
regulating salinity and osmotic-combined stress tolerance
during rice seed germination and development. However,
in legumes no such studies are reported yet on this aspect
and need to be explored.

GABA and heavy metal stress

Rapid rate of industrialization, urbanization, intensive
agriculture, and mining has been triggering widespread
contamination of our soil and aquifer resources with heavy
metals (Rai et al. 2019). Soils contaminated by heavy
metals (Zn, Ni, Fe, Co, Cr, Cd, Pb, As and Hg) from
agricultural activities have raised serious concern in recent
decades regarding potential threat to human health through
the direct intake, bioaccumulation through food chain, and
their influences on ecological system (Naveedullah et al.
2013). Although some of metal elements are essential
micronutrients responsible for normal growth and meta-
bolism of plants (Mani and Sankaranarayanan 2018), but
excessive metal accumulation in plant tissues impair either
directly or indirectly several biochemical, physiological,
and morphological functions in plants and in turns inter-
feres with crop productivity (Shahid et al. 2015).

Song et al. (2010), reported that GABA application
mitigates the oxidative injury affected by the H' and alu-
minum toxicity in barley seedlings by activating anti-ox-
idative enzymes as a defense response and declining the
raised levels of carbonylated proteins caused by ROS. The
exogenous application of GABA decreases the protein and
lipid injury, signifying that GABA is critical for cellular
stress response to H* and aluminum in plants. The studies
on the applications of GABA to mitigate the effects of
metal stress on legumes are not reported yet. However, the
role of GABA to mitigates the effects of metal stress in
many other crop species are reported such as, cadmium
toxicity in maize (Seifikalhor et al. 2020), chromium tox-
icity in brassica (Mahmud et al. 2017) and arsenite toxicity
in rice (Kumar et al. 2019) are reported.

Health benefits of GABA and legumes

GABA, a non-proteinogenic amino acid is not only
important for mitigating different kinds of stress in plants;
however, it has various health benefits including reduction
of hypertension (Yoshimura et al. 2010), inhibition of
chronic diseases associated with alcohol (Oh et al. 2003),
prevention of cancer cell proliferation (Dilis and
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Trichopoulou 2009), and modulation of blood cholesterol
levels (Roohinejad et al. 2009). Legumes are a good
potential source for GABA production due to their high
amounts of proteins (Nikmaram et al. 2017). L-glutamic
acid, the substrate for GABA synthesis, is one of the most
abundant amino acids found in pulses as reported in faba
bean (Khalil and Mansour 1995) and mungbeans (Mubarak
2005).

The previous studies have reported various associations
between the consumption of pulses and health benefits;
including the decline of the risk of chronic diseases
e.g. obesity, diabetes, coronary heart disease, stroke,
hypertension, and some types of cancer. The mechanism by
which legumes may prevent against diseases could involve
the action of macronutrients including resistant starch and
non-nutrient bioactive compounds such as phytates
(Mathers, 2002). The consumption of food with high
GABA concentration was found to reduce the elevation of
blood pressure and cholesterol in experimental animals
(Abe et al., 1995; Inoue et al., 2003; Hayakawa et al. 2004).
Various factors alter the content of GABA in legumes such
as; type of cultivar, environmental stress during plant
growth, and the processing method of the seeds such as
soaking, cooking, germination or fermentation (Nikmaram
et al. 2017). In present situation we need to development of
new functional foods from legumes with enhanced GABA
levels targeted at the whole population or for particular
groups at risk of chronic diseases also.

Conclusion and future perspectives

The exogenous application of GABA enhances the
endogenous GABA levels and the tolerance of plants, and
improved abiotic stress tolerance via positive regulation of
the GABA shunt and associated pathways. GABA appli-
cation in stressed plants increases the GABA shunt activity,
increased photosynthetic efficiency, endogenous GABA,
anti-oxidative enzymes, and decline in MDA content an
oxidative stress marker, reactive oxygen species, and
finally the membrane integrity of the treated plants was
retained.

Furthermore, various nutritional traits in legumes were
highly influenced with environmental stresses and an effect
of GABA on mineral acquisition in plants was reported in
experiments with duckweed (Lemna minor L.). They
reported that plants treated with 10 mM of GABA had
higher levels of macronutrients and higher levels of Mn, Zn
and B than untreated plants. Therefore, application of
GABA could be a promising strategy for increasing the
nutrient content of legume crops from a biofortification
perspective. In conclusion, it is suggested that GABA plays
a positive role in physiological modulation when plants
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suffer from unfavorable environmental stresses and the
manipulation of GABA levels could be a potential method
in enhancing stress resistance in plants. This review article
highlighted various positive impacts of GABA on plants
together with the ability to induce stress tolerance. This
comprehensive report about the synthesis and stress miti-
gation role of GABA could be considered as a tool to
improve the quantity and quality of agricultural crops
especially legumes and help to achieving sustainable
development goal number 2 i.e. zero hunger.
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