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Abstract

The purpose of current investigation was to explore the role of brassinosteroids (BRs) in Zea mays L. var. DKC 9106 seedlings
subjected to salt stress. The seedlings were raised under controlled laboratory conditions and subjected to different concen-
trations of NaCl (0, 40, 60, 80, 100 mM) for 10 days. The impact of pre-sowing treatment of both 28-homobrassionolide
(HBL) and 24-epibrassinolide (EBL) on defense system of Z. mays L. under salt stress was studied by analyzing Na* and K*
ions, malondialdehyde content (MDA), antioxidative enzymes activities (peroxidase, POD; catalase, CAT; dehydroascorbate
reductase, DHAR; monodehydroascorbate reductase, MDHAR), osmoprotectants (proline, glycine betaine, mannitol, and
total osmolytes content), total phenolic content, total flavonoid content, and 1,1-diphenylpicrylhydrazyl (DPPH) free radical
scavenging activity. The results of our finding showed that treatment of both HBL and EBL under high salt stress balanced
the ionic status by decreasing the Na* ions content by 21.23% and 38.94%, respectively, and enhancing the K™ ions content
by 51.94% and 26.66%, respectively. Treatment of both BRs also overcome the oxidative damage induced due to salinity
stress by reducing the MDA accumulation 19.50% and 45.0%, respectively, and enhancing the activities of antioxidative
enzymes. The osmoprotectants: proline (50.08% and 17.03%), glycine betaine (35.57% and 28.16%), and mannitol content
(2.80% and 20.98%) were markedly increased by the treatment of both HBL and EBL, respectively. Further, treatment of both
HBL and EBL also increased the total phenolic content by 11.68% and 5.80%, total flavonoid content by 31.56 and 31.09%
and DPPH free radical scavenging activity by 37.99% and 77.41%, respectively. Overall the treatment of BRs before seed
sowing considerably conquer the salinity-induced damage by stimulating functional components of antioxidative defense
system and ultimately reduced oxidative damage.
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Introduction
Amandeep Rattan and Dhriti Kapoor have contributed equally to Salinity stress restraining the agricultural production and
this work. yield throughout the world. Almost 45 million hectare of

irrigated land and 32 million of dry land agriculture were
estimated to be salt affected (FAO 2016). The detrimen-
tal effects of salinity stress mainly involve the hyperos-
motic stress, which reduces the water potential in roots
and hyperionic stress, which causes the acquisition of Na*
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maintaining adequate membrane potential (Ahmad and
Maathuis 2014; Chakraborty et al. 2018). Whereas in oxida-
tive stress, enhanced fabrication of reactive oxygen species
(ROS) occurs due to higher concentrations of salt. The most
common ROS are singlet oxygen (102), hydrogen peroxide
(H,0,), superoxide radical (O, "), and hydroxyl radicals
(OH) (Abogadallah 2010; Bose et al. 2014; Guo et al. 2017).
Once the production of ROS surpasses from the limits of
defense system of the plants, oxidative stress generated in
the cells leads to disruption of various cellular functions
by reacting with other vital components (Tavakkoli et al.
2010; Mishra et al. 2011; Chen et al. 2017; Ahanger et al.
2017; Van Ruyskensvelde et al. 2018). Thus, to prevent the
ROS-induced damage, plants develop antioxidant defense
system which comprises enzymatic antioxidants: superox-
ide dismutase (SOD), guaiacol peroxidase (POD), catalase
(CAT), ascorbate peroxidase (APOX), glutathione reduc-
tase (GR), monodehydroascorbate reductase (MDHAR),
dehydroascorbate reductase (DHAR) and non-enzymatic
antioxidants: glutathione, ascorbate, and tocopherol (Gill
and Tuteja 2010; Ali et al. 2011). Other natural antioxidants
or secondary metabolites, such as phenolics and flavonoids
also play important role under stress conditions. Phenolics
are one of the major groups of plant secondary metabolites
which possess a wide range of biological functions in plants
including protection from ROS (Sharma et al. 2019b). Phe-
nolic compounds mainly attributed to the antioxidant effect
of plant products (Souid et al. 2016; Sharma et al. 2016a,
2019b). Radical scavenging activity of flavonoids depends
upon its structure and predominantly the hydroxyl position
in the molecule (Wojdyto et al. 2007). Redox properties of
phenolics permit them to act as hydrogen donors, metal che-
lators, and reducing agents which contribute towards their
antioxidant potential (Canadanovic-Brunet et al. 2005; Mari-
muthu et al. 2008).

Brassinosteroids are important category of plant hor-
mones which are widely known for their involvement in
stress alleviation and growth promotion (Bartwal et al. 2013;
Sharma et al. 2018; Shahzad et al. 2018; Tanveer et al. 2018,
2019). BRs play important role in seed germination, plant
growth and development, root and stem elongation, cell divi-
sion and differentiation, cell signaling, photomorphogenesis,
and organization of microtubules (Haubrick and Assmann
2006; Gudesblat and Russinova 2011; Sreeramulu et al.
2013; Wei and Li 2016). The stress ameliorating responses
of BRs are concentration-dependent which may vary accord-
ing to the type of species, developmental stages, and envi-
ronmental conditions of the plants (Ahammed et al. 2015).
BRs stimulated the growth and other related activities in
plants and may act independently or in conjunction with
other plant hormones. Several studies showed that BRs and
signaling pathways of other hormones are often intercon-
nected and their cross talk helps in regulating the various
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physiological and developmental processes (Choudhary
et al. 2012; Hofmann 2015; Ahanger et al. 2018a; Peres et al.
2019). Thus, by keeping stress regulatory role of BRs in
mind, current work was conducted to study the effect of two
bioactive BRs i.e., 28-homobrassinolide and 24-epibrassi-
nolide on physiological and biochemical responses of maize
seedlings under salt stress.

Materials and Methods
Raising of Seedlings

Certified, disease-free and uniform sized seeds of Zea mays
L. var. DKC 9106 were procured from the Department of
Agriculture (Gurdaspur), Punjab, India. For pre-sowing
treatments, two brassinosteroids (BRs), viz. HBL and EBL
were taken. Stock solution of 10 M of each HBL and EBL
was prepared in HPLC grade methanol. Different working
concentrations of both HBL (0.0001, 0.01 and 1 uM) and
EBL (0.0001, 0.01 and 1 uM) were prepared through serial
dilutions of each stock solution and used for further experi-
mentation. Seeds were soaked for 12 h in each concentration
of HBL and EBL and raised in autoclaved petriplates lined
with Whatman filter paper (grade 1). Seedlings were allowed
to grow under controlled conditions of seed germinator
(25+0.5 °C, 16:8 h light:dark photoperiod) for ten days in
different concentrations of salt (0, 40, 60, 80, 100 mM). Test
solutions were supplied on alternative days up to 10 days.
Then seedlings were harvested after ten days of sowing for
further analysis.

MDA Content Estimation

MDA content was assessed according to method given by
Heath and Packer (1968). One gram fresh seedlings were
extracted with 3 ml of 0.1% (w/v) trichloroacetic acid.
Supernatant from above extraction was mixed with trichlo-
roacetic acid containing 0.5% (w/v) thiobarbituric acid. Mix-
ture was warmed and then cooled instantly. The absorbance
of the solution was taken spectophotometrically at 532 nm
and 600 nm.

Estimation of Antioxidative Enzymes Activities

Homogenate for estimation of antioxidative enzymes
activities was prepared by crushing 1 g shoot material
with 3 ml of 100 mM potassium phosphate buffer (pH
7.0). Supernatant from above centrifuged homogenate was
collected to estimate the enzymes activities of POD, CAT,
DHAR, and MDHAR. Activity of POD was measured by
the method of Putter (1974). For estimating the POD activ-
ity, 3 ml of phosphate buffer, 50 pl of guaiacol solution,
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30 pl of H,O, solution, and 100 pl of enzyme sample were
taken in the cuvette and activity was determined spectro-
photometrically at 436 nm. Activity of CAT enzyme was
estimated according to the method of Aebi (1984). In a
cuvette, 1.5 ml of phosphate buffer, 1.2 ml of hydrogen
peroxide, and 300 pl of enzyme extract were taken and the
rate of decomposition of H,0, was estimated at 240 nm.
DHAR and MDHAR activities were assessed according to
Dalton et al. (1986) and Hossain et al. (1984) method. For
DHAR activity, 50 mM of phosphate buffer, 0.1 mM eth-
ylenediaminetetraacetic acid (EDTA), 1.5 mM glutathione
reduced, 0.2 mM dehydroascorbate, and 400 pL enzyme
extract were taken in the cuvette and measured spectro-
photometrically at 265 nm, and for MDHAR activity, in
the cuvette, 50 mM of phosphate buffer, 0.1 mM EDTA,
0.3 mM nicotinamide adenine dinucleotide (NADH), 0.25
units ascorbate oxidase, and 300 ul of enzyme extract were
taken and absorbance was determined spectrophotometri-
cally at 340 nm.

Estimation of Osmoprotectants

Proline content was determined according to Bates et al.
(1973) and intensity of the reaction mixture was deter-
mined spectrophotometrically at 520 nm wavelength. The
glycine betaine content and mannitol content were evalu-
ated by Grieve and Grattan (1983) and Sanchez (1998)
methods at 365 nm and at 412 nm wavelength accordingly.
Total osmolytes content was analyzed using vapor pressure
osmometer (VPO) (Vapro 5600). Leaves were thawed and
sap was stored in —20 °C. 10 ul of sap was pipetted out
and used for the analysis. Instrument was calibrated using
the standard solutions of NaCl of osmolalities 100, 290,
1000 Osm, and readings were taken at 25 °C.

Estimation of Total Phenolic Content, Flavonoid
Content, and DPPH Radical Scavenging Activity

Total phenolic content was estimated spectrophotometrically
at 760 nm following the method of Swain and Hills (1959).
Total flavonoid content was estimated by Balbaa et al. (1974)
method and DPPH assay was performed according to the
method given by Blois (1958).

Statistical Analysis

Two-way analysis of variance (ANOVA) was performed
using self-coded software (MS-excel 2010) and data were
presented at significance of p <0.05. Each experiment was
repeated for three times (three replicates).

Results

In the present study, accumulation of Na™ ions was found to
increase with increasing salt concentration. Maximum accu-
mulation of Na* ions was observed in highest NaCl concen-
tration. However, K* ions were found to decrease under salt
stress and maximum decrease in K* ions was also found
under highest salt treatment, as compared to control seed-
lings. Under stress conditions, pretreatment of HBL signifi-
cantly lowered the Na* ion accumulation. Under highest salt
stress, HBL (0.01 uM) and EBL (0.0001 uM) application
reduced Na™ content by 21.23% and 38.94%, respectively
(Fig. 1a). Further pre-sowing treatment of HBL significantly
increased the K* ions content as compared to control. Appli-
cation of HBL (0.01 uM) and EBL (0.0001 uM) under severe
salt stress showed the recovery of K* ions by 51.94% and
26.66%, respectively (Fig. 1b).

MDA content was observed to increase with increasing
salt concentrations. Maximum MDA content was observed
at 100 mM NaCl concentration as compared to control seed-
lings. Seed pre-sowing treatment of both HBL and EBL to
salt stressed seedlings resulted in lowering of MDA content.
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Fig. 1 Effect of 28-homobrassinolide and 24-epibrassinolide on Na*
and K* ions content in Zea mays seedlings subjected to salt stress. In
figure, HBL-1, HBL-2, HBL-3 corresponds to 28-homobrassinolide
(0.0001, 0.01 and 1 pM, respectively) concentrations and EBL-1,
EBL-2, EBL-3 corresponds to 24-epibrassinolide (0.0001, 0.01 and
1 uM, respectively) concentrations. Data presented in mean =+ SE and
*Indicate statistically significant at p <0.05
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Fig.2 Effect of 28-homobrassinolide and 24-epibrassinolide on
MDA content in Zea mays seedlings under salt stress. In figure, HBL-
1, HBL-2, HBL-3 corresponds to 28-homobrassinolide (0.0001, 0.01
and 1 pM, respectively) concentrations and EBL-1, EBL-2, EBL-3
corresponds to 24-epibrassinolide (0.0001, 0.01 and 1 pM, respec-
tively) concentrations. Data presented in mean+SE and *Indicate
statistically significant at p <0.05

Under stress, maximum reduction of 19.5% in MDA content
was observed with the pretreatment of 0.0001 uM HBL and
45% reduction in MDA content was observed with pretreat-
ment of 1 uM EBL (Fig. 2).

Antioxidative enzymes (POD and CAT) activities were
found to enhance under salt stress to overcome the salinity-
induced damage. Seedlings exposed to 80 mM and 60 mM
NaCl concentrations showed the maximum increase in
POD and CAT activities, respectively, as compared to
control seedlings. Whereas under stress, seedlings raised
from seeds pretreated with 0.0001 uM HBL and 0.01 uM
EBL enhanced the POD activity by 20.97% and 22.01%,
respectively (Fig. 3a). On the other hand, CAT activity was
observed to increase 62.34% with the pretreatment of 1 uM
HBL and 11.75% with 0.01 uM EBL treatment (Fig. 3b).

DHAR and MDHAR activities were also found to
enhance under salt stress. A significant increase in activity
of DHAR was observed under 80 mM NaCl concentration
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and MDHAR was observed under 60 mM NaCl concentra-
tion in contrast to control seedlings. Under stress conditions,
0.01 uM HBL and 1 uM EBL increase the DHAR enzyme
activity by 17.82% and 27.87%, respectively (Fig. 3c),
whereas MDHAR activity was found to increase with the
pretreatment of 0.01 uM HBL and 0.01 uM EBL by 7.6%
and 14.28%, respectively (Fig. 3d).

In the present study, osmolytes were found to enhance
under salt stress. Maximum increase in proline content was
observed under 80 mM NaCl concentration as compared to
control seedlings. Further pretreatment of both HBL and

EBL increased the production of osmolytes in salt stressed
seedlings. Under stress, treatment of 0.0001 uM HBL sig-
nificantly enhance the proline content by 50.08%, whereas
0.0001 uM EBL showed the maximum increase of 17.03%
as compared to only 80 mM NaCl concentration (Fig. 4a).
Glycine betaine content at 80 mM NaCl and mannitol
content at 100 mM NaCl concentration showed the higher
increase in content. Pretreatment of 0.01 uM HBL and
0.01 uM EBL exhibited the maximum rise of glycine betaine
content by 35.57% and 28.16%, respectively (Fig. 4b). Man-
nitol content was found to slightly increase by 2.8% with the
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treatment of 0.0001 uM HBL and 20.98% by the treatment of
0.0001 uM EBL (Fig. 4c). Pretreatments of HBL and EBL
both also enhanced the total osmolytes content in stressed
seedlings. Total osmolytes content were found to improve by
27.02% and 8.68% with the treatment of 0.01 uM HBL and
0.0001 uM EBL under 80 mM NaCl concentration (Fig. 4d).

In 10 days old seedlings, flavonoid content and phenolic
content were reported to enhance with the severity of salinity
stress. Maximum increase of flavonoid content was observed
in 80 mM NaCl concentration in comparison to control. Pre-
sowing treatment of both 0.01 uM HBL and 0.01 uM EBL
under 80 mM salt stressed seedlings efficiently elevated
the flavonoid content by 31.56% and 31.09% in contrast to
only 80 mM NacCl concentration (Fig. 5a). Phenolic content
showed maximum rise under 100 mM NaCl concentration
as compared to control. Pre-sowing treatment of HBL and
EBL significantly enhanced the total phenolic content in the
seedlings. Under salt stressed seedlings, maximum increase
of phenolic content was recorded 11.68% and 5.80% with
the treatment of 0.0001 uM HBL and 0.01 pM EBL, respec-
tively (Fig. 5b).

Percentage inhibition of DPPH radical was found to
decrease with increasing NaCl concentration. The extreme
decrease was noticed at 100 mM NaCl treated seedlings as
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Fig.5 Effect of 28-homobrassinolide and 24-epibrassinolide on total
flavonoid content and total phenolic content in Zea mays seedlings
under salt stress. In figure, HBL-1, HBL-2, HBL-3 corresponds to
28-homobrassinolide (0.0001, 0.01 and 1 uM, respectively) concen-
trations and EBL-1, EBL-2, EBL-3 corresponds to 24-epibrassinolide
(0.0001, 0.01 and 1 puM, respectively) concentrations. Data presented
in mean + SE and *Indicate statistically significant at p <0.05
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compared to control. Under stress, both of HBL and EBL
enhanced the DPPH free radical scavenging activity. How-
ever, pretreatment of 1 pM HBL resulted in increment of
DPPH free radical scavenging activity by 37.99% and pre-
treatment of 0.01 uM EBL enhanced the activity by 77.41%
(Fig. 6).

Discussion

Salinity stress is a foremost issue of concern, reducing crop
productivity and yield severely by affecting the various pro-
cesses in plants. Among various sources of soil salinity, irri-
gation without suitable drainage is considered as most seri-
ous because it elevated the water table and permits the salty
groundwater to come up on the upper soil layers (Zhu 2007,
Chakraborty et al. 2018). Irrigation water contains mainly
Ca**, Mg?*, and Na* ions, and among these, Ca’>* and Mg?*
ions often precipitates into carbonates with the evaporation
of water and leaving behind the Na* ions which causes ionic
imbalance (Serrano et al. 1998). The ionic imbalance due
to increase of Na* ions impedes with other important ions,
such as K* ions, and affected the growth and even causes
the death of plant cells (Craig Plett and Moller 2010; Cabot
et al. 2014). In the present study, Na™ ions increased with
the increase of salinity stress and K* ions were found to
decrease with the severity of stress. Similarly, increased Na*
ions accumulation and decreased K+ and Ca®* ions uptake
affected the growth, biomass and pigment synthesis in mung
bean plants subjected to salt stress (Ahmad et al. 2019).
Application of both HBL and EBL in the present study under
salinity stress improved the ionic status by decreasing the
Na* ions and by restoring the K* ions in the seedlings. The
reduction in Na* ions accumulation and increase of K* ions
content under salt stress with the treatment of EBL promoted
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Fig.6 Effect of 28-homobrassinolide and 24-epibrassinolide on
1,1-diphenylpicrylhydrazyl (DPPH) activity in Zea mays seedlings
under salt stress. In figure, HBL-1, HBL-2, HBL-3 corresponds to
28-homobrassinolide (0.0001, 0.01, and 1 uM, respectively) concen-
trations and EBL-1, EBL-2, EBL-3 corresponds to 24-epibrassinolide
(0.0001, 0.01, and 1 uM, respectively) concentrations. Data presented
in mean + SE and *Indicate statistically significant at p <0.05
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the osmotic adjustment in perennial ryegrass by ameliorat-
ing the ion toxicity and nutritional imbalance (Sun et al.
2015). BRs help in maintaining the ionic balance by reduc-
ing the transportation of Na* ions into the plants (Eleiwa
et al. 2011). EBL application also alleviated the deleterious
effects of salinity stress by improving the K*/Na* ratio and
nutrients content in Eucalyptus urophylla plants subjected
to 250 mM NaCl stress (de Oliveira et al. 2019).

Plants itself adopted various physiological mechanisms
to minimize the damage triggered due to overproduction
of ROS through the enhancement of activity of antioxidant
enzymes, other secondary metabolites, and accumulation
of various compatible solutes (Yan et al. 2013). One of the
major consequences of salt stress includes the overproduc-
tion of ROS which leads to oxidative stress (Gupta and
Huang 2014). Oxidative damage due to salinity stress in
the present study was determined in terms of MDA content
and it was found to increase in salt stressed maize seedlings.
The increased MDA content leads to the generation of free
radicals, resulted in disruption of cellular functioning by
affecting lipids metabolism, physiochemical properties of
cell membranes, alternations of ion transport, and meta-
bolic processes (Ahanger and Agarwal 2017; Miller et al.
2010). On the other hand, treatment of HBL and EBL to salt
stressed seedlings resulted in decline in lipid peroxidation as
indicated by lowering of MDA content. BRs regulated MDA
content under salt stress may involve the scavenging of ROS,
and thus, reduced the membrane destruction caused due to
peroxidation of lipids (Tanveer et al. 2018). The decline in
MDA content with the BRs under high temperature stress
reflects the positive role of BRs in stress amelioration (Jin
et al. 2015).

One of the possible mechanisms that make a plant species
tolerant to salinity stress is the presence of strong antioxida-
tive defense system (Senadheera et al. 2012; AbdElgawad
et al. 2016). However, to cope up with the oxidative dam-
age, plants activates their antioxidative defense system. In
our current study, salinity stress stimulated the activities of
antioxidative enzymes (POD, CAT, DHAR, and MDAHR),
which were further boosted with the treatment of both HBL
and EBL in salt stressed maize seedlings. The increase in
activity of POD with the application of BRs develops tol-
erance against salinity stress by overcoming the oxidative
damage in wheat seedlings subjected to 120 mM NaCl stress
(Dong et al. 2017). POD has been concerned in the synthe-
sis of various phenolic polymers and its increased activity
provides protection against the harmful concentrations of
hydroperoxides (Verma et al. 2011). CAT is a ubiquitous
enzyme that scavenges H,0, by catalyzing its decomposi-
tion into molecular oxygen and water (Saraf 2013). Appli-
cation of BRs significantly overcomes the salinity-induced
damage in soybean plants by increasing the activity of CAT
(Alam et al. 2019). Similarly BRs treatment also increased

the activities of DHAR and MDHAR in Brassica juncea
seedlings subjected to high temperature and salt stress, and
thus, develop tolerance against stress. Finding of our study
and above reports on increase in activities of antioxidative
enzymes in response to salt stress support and strength-
ened the anti-stress role of brassinosteroids against salinity
stress. BRs-mediated stress tolerance might involve a com-
plex pathway, which regulates the plant defense system by
activating BZR1/BES] transcription factors (Anwar et al.
2018). BRs regulate thousands of genes under stress, which
participate in induction of antioxidant systems and provide
protection against the deleterious effects of ROS (Gruszka
2013).

Plants proficient defense system not only includes the
antioxidative enzymes to combat the stress, but it also
includes a variety of other scavengers to overcome the stress
triggered ROS (Mittler et al. 2004; Gill et al. 2011). Plant
secondary metabolites in response to salt stress play impor-
tant role in maintaining the favorable cellular condition
(Ramakrishna and Ravishankar 2011). The natural antioxi-
dants such as phenolics play important role in stress toler-
ance (Gimenez et al. 2014). The redox properties of these
phenolic compounds facilitate them to perform as antioxi-
dants and detoxifying the ROS (Sharma et al. 2019b). In the
present study, total phenolic content and flavonoid content
was observed to increase under salt stress. Increased total
phenolic content develop tolerance against saline stress in
Salvia mirzayanii plants when subjected to moderate salinity
stress (Valifard et al. 2014). Similarly Sarker et al. (2018)
also reported the increased total polyphenolic, flavonoid
content and total antioxidant activity under salt stress in
Amaranthus tricolor leaves which provide protection against
the damaging effects of salinity stress.

BRs application in the present study increased the total
phenolic and flavonoid content under salt stress. Alam et al.
(2019) reported the increase in total phenols and flavo-
noids with the treatment of EBL under salt stress in soy-
bean plants. Similar observations were recorded by Xi et al.
(2013), where EBL treatment could considerably promoted
grape ripening and enhancing the phenolic content and
antioxidant capacity in grape skins. Pre-sowing treatments
of both HBL and EBL in present study also increased the
DPPH activity under salt stress. Therefore, BRs energizes
the antioxidative enzymes and secondary metabolites like
phenolic and flavonoid compounds by promoting the scav-
enging of ROS and enable the plants to withstand under
stress conditions by developing the tolerance against stress
condition (Sharma et al. 2016b, 2019c; Gao et al. 2016).

Another important strategy adopted by plants to grow
under stress conditions, involves the accumulation of
osmolytes which help in maintaining water balance
between plant cell and environment under stress condi-
tion (Sharma et al. 2019a; Sadak et al. 2019). In our study
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under salt stress, osmolytes (proline, glycine betaine, man-
nitol) were observed to get accumulated in maize seed-
lings. The accumulation of these osmoprotectants ena-
bles the plants to grow under stress conditions. Increased
accumulation of proline under salt stress has also been
reported in rice due to overexpresssion of gene which is
responsible for proline biosynthesis, and thus, accounts for
tolerance against salt stress (Yang et al. 2012). Increase in
glycine betaine content in Solanum lycopersicum subjected
to 150 mM salt stress had been reported by Ahanger et al.
(2018b). Mannitol accumulation develops salinity toler-
ance in Lemon balm subjected to salt stress by improving
the growth, pigments and mineral content (Khalid and Cai
2011). BRs treatment increased the content of osmolytes
in current study and help in maintaining the osmotic bal-
ance. EBL promoted the osmotic adjustment by enhancing
the osmolytes, such as proline and glycine beatine con-
tent in both salt tolerant and salt sensitive genotypes of
Pisum sativum plants supported the role of BRs in osmotic
adjustment (Shahid et al. 2014). BRs mediated increase
in proline accumulation, which involves the induction of
genes expression responsible for the proline biosynthe-
sis and helps in maintaining the osmotic balance (Ram-
akrishna and Rao 2015; Lalotra et al. 2017). According to
metabolite profiling, BRs mediated increase of osmolytes
accumulation, which might involve the overexpression of
the BRL3 (vascular-enriched member of the BR recep-
tor family) receptor, which triggers the production of an
osmoprotectants in the plants (Fabregas et al. 2018).

Conclusion

From the above study, it is concluded that application of
BRs assisted in maintaining the favorable cellular condi-
tions in salinity stressed seedlings by regulating the ions
metabolism, strengthening the antioxidative defense sys-
tem, and enhancing the osmoprotectants accumulation,
and overall help in overcoming the deleterious effects of
salt stress.
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