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Abstract. This experiment was conducted to evaluate the impact of foliar application of glycinebetaine
on vegetative and reproductive growth stages of two wheat (Triticum aestivum L.) varieties under Na,SO,
stress (150mM). There were three levels (OmM, 50mM and 100mM) of glycinebetaine (GB) applied as
foliar spray. Data regarding biomass, growth parameters, gaseous exchange and antioxidant activities
were recorded. Salt stress reduced the growth attributes, Net CO, assimilation rate and antioxidant
activities. However, foliar spray of GB reduced the toxic effects of salinity. GB improved the
photosynthetic rate of Na,SO,-treated plants of both varieties; it also increased the activities of
antioxidant enzymes, such as CAT and POD under saline environment. Both levels of GB i.e. 50 mM and
100 mM were almost equally effective in affecting the POD activity in salt treated plants. Finally it can
be concluded that salinity tolerance can be induced by foliar application of GB.

Keywords: exogenous application, photosynthetic pigments, ROS, salinity, vegetative stage,
reproductive stage

Introduction

The most limiting factors of crop productivity and quality in many geographical
areas around the world are salinity (Greenway and Munns, 1980). For worldwide plant
production one of the most important abiotic stress and restrictive factor is salt stress
observed all over the world which causes severe crop productivity losses by affecting
nutrient uptake to maintain proper metabolic activities (Debez et al., 2006; Koyro, 2006;
Zafar et al., 2015). Salt stress has multiple harmful effects on plant growth and
development such as decrease in water potential, ionic imbalance and in severe cases
may lead to toxicity. Salt stress also affected the many other physiological processes to
different degree such as; respiration, photosynthesis and uptake of ions (Meiri et al.,
1971; Ramoliya et al., 2004). In addition to stunted plant growth salinity inhibit both
nitrogen assimilation and protein synthesis (Cusido et al., 1987). Strong facts are
present that salt affect the enzymes that involve in photosynthesis. Reduced
photosynthesis under saline environment is not only due to a decline of intercellular
CO; concentration due to closing of stomata but also due to non stomatal factors
(Stepien and Klobus, 2006).

One of the most important biochemical changes occur in plants due to biotic and
abiotic stress is the manufacture of reactive oxygen species (ROS) by Bray et al. (2002).
In salt-stressed plant the generation of ROS is commonly observed (Azevedo-Neto et
al., 2006). According to Asada (1999) the mitochondria and chloroplast are important
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generators of ROS. In the absence of any defensive mechanisms ROS can critically
interrupt the normal metabolism through oxidative damage in macro biomolecules.
According the study of Rout and Shaw (2001) ROS can be removed by antioxidant
system consisting of antioxidant enzymes such as superoxide dismutase (SOD)
possessed by plants.

Glycinebetaine is useful in protecting the plants against various abiotic stresses such
as salinity, water stress and temperature stress (Ashraf and Harris, 2004; Ashraf and
Foolad, 2007). Betaine interacts with both water loving and phobic domains of
macromolecules due to its molecular features. Betaine protect the plant against the
damaging effects of excessive salt, cold, heat and freezing by maintaining the integrity
of membranes and by stabilizing the structure and activity of enzymes (Gorham et al.,
1985). Foliar use of GB is one of the shotgun approaches to increase stress tolerance in
various crops (Ashraf and Foolad, 2007), for example salinity and drought tolerance in
rice (Harinasut et al., 1996), maize (Agboma et al., 1997; Nawaz and Ashraf, 2010;
Nawaz et al., 2010), tomato (Makela et al., 1998; Heuer, 2003), and wheat (Raza et al.,
2006, 2007). Ashraf and Foolad, 2007 reported that effectiveness exogenous application
of GB depends on different factors such as type of species, growth stage at which
applied, concentration, and number of applications. Thus, the objective of the this study
was to determine the effectiveness foliar applications of GB at different growth stages
in inducing salt stress tolerance in two varieties of wheat.

Materials and Methods

This experiment was conducted in Botanical Garden University of Gujrat, Gujrat-
Pakistan. Seeds of two wheat varieties i.e. Seher (V1) and Vatak (V) were obtained
from department of Botany University of Gujrat. River sand was used as a growth
medium. Salinity (Na,S0,) treatment (150 mM m™) was applied at the time of sowing.
Three levels (OmM, 50mM and 100mM) of GB were applied as foliar spray to 28 days
old plants and 77 days old plants. Tween-20 (1%) solution was used for maximum
absorption of GB. Hoagland’s nutrient solution was used every week thorough out the
experiment. Completely randomized design (CRD) with four factors was used in this
experiment. There were four replicates for each treatment. Two plants (90 days old
plants) from each pot were uprooted and washed with distilled water. Data for following
attributes were recorded.

Growth parameters

Shoot and root length was measured with the help of meter rod. Fresh biomass was
measured with the help of electric balance. Plant samples were placed in oven at 65°C.
After 4 days shoot and root dry weight was measured with analytical balance.

Gaseous exchange parameters

Portable infrared gas analyzer (IRGA) LCA-4 ADC was used for the measurements of
net CO, assimilation rate (A), transpiration rate (E), stomatal conductance (gs), and
substomatal CO, concentration (Ci) were made on the 3rd leaf from top of each plant. With
certain specification dimensions were completed from 10 to 2.00 p.m. These adjustments
are as follow: temperature of leaf chamber (Tch) assorted from 36.2 to 42.9°C, leaf surface
area 11.35 cm?, ambient CO, concentration (Cref) 342.12 pmol mol™, PAR (Q leaf) at leaf
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surface was maximum up to 1030pmol m-2 ™, leaf chamber volume gas flow rate (v) 396
ml min™, ambient pressure (P) 99.95 kPa, molar flow of air /unit leaf area (Us) 221.06 mol
m?s™, leaf chamber molar gas flow rate (U) 251 pmol s™.

Chlorophyll contents

A procedure described by Arnon (1949) was used to determine the chlorophyll a and
b contents and Carotenoids.

The fresh leaves were cut into small pieces with scissor s and extracted with 80 %
acetone. The extract was placed at -10 ‘C for overnight. The extract was centrifuged at
14 000 x g for 5 mins and the absorbance of the extract was measured at 645 663 nm
and 480nm using a spectrophotometer (IRMECO U2020).

Electrolyte leakage

Fresh leaves were cut into discs (0.5 cm?® each) and these discs were rinsed with
distilled water and subsequently floated on 10mL of distilled water. The electrolyte
leakage of the solution was measured after 22hrs of floating by electrical conductivity
meter. Complete measurement was taken after by putting the material in an oven at 90
°C for 2 hrs. Results were expressed as percentage of total conductivity.

Activities of antioxidant enzymes

Chance and Maehly (1955) procedure was followed to determine the activities of
CAT and POD.

Statistical analysis

Completely randomized design (CRD) with four factors was used in this experiment.
Mean + S.E. values were used to draw Bar graphs using the Microsoft excel software.

Results
Growth attributes

Salt stress (Na,SO,4) had significant harmful effects on growth (root length, shoot length)
and fresh and dry biomass of two wheat varieties i.e Seher (V1) and Vatak (V2). Both
varieties differed significantly for these growth attributes under saline environment (Figs.
la-1f). Foliar application of GB enhanced the root length in salt treated and non-treated
plants. However, 100mM were more effective than 50mM. The application of GB at
vegetative stage showed more increase in root length (Fig. 1a). In case of shoot length, the
exogenous application of GB showed random results for V1 and V2 under saline
conditions. In Seher 100mM was more effective than 50mM at vegetative stage, whereas
V1 showed better performance on application of 50mM at reproductive stage under salt
stress (Fig. 1b). Analysis of Variance of data showed in Table 1 showed that Na,SO, highly
significantly reduced fresh and dry biomass in both varieties of wheat. Foliar application
(100mM) was more effective than 50mM in both V1 and V2 applied at both stages under
saline conditions. Root dry weight was improved by foliarlly applied GB. The GB level
(100mM) showed better results than 50mM for V1 when applied at both growth stages
under saline conditions. V2 showed better response to 50mM applied at vegetative stage
and 100mM at reproductive stage under stress conditions (Fig. 1e). The effect of foliar

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(3):1611-1623.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1503_16111623
© 2017, ALOKI Kft., Budapest, Hungary



Talat et al.: Modulation of growth, gaseous exchange parameters and antioxidants in wheat by glycinebetaine under salt stress
-1614 -

spray of GB was non significant on shoot dry weight, however 100mM was more effective
than 50mm at both stages under adverse environment.

Vegetative Stage

Reproductive Stage

Vegetative Stage

Reproductive Stage

160 -

140 -
< 120 |
< 100 -

[T Y
S oo,

NN

=R
@
S

Root length (cm)
Shoot lengtt
[
S o S

o

.
o wmoo;

OmM  50mM  100mM S50mM  100mM

50mM  100mM OmM  50mM 100mM

Foliar Treatments of GB
Foliar treatments of GB

BV1 Control BV1 Salt ©V2 Control TV2 Salt

oV1 Control @V1Salt @V2 Control mV2 Salt

Vegetative Reproductive Vegetative Stage Reproductive Stage

h h [l ol
O =W

Shoot fresh weight (g)

=]

Root fresh weight (g)
-
b
o

OmM

50mM  100mM OmM  50mM 100mM

OmM  50mM  100mM OmM  50mM 100mM

Foliar Treatments of GB
|EV1 Control BV1 Salt V2 Control OV2 Sal\*

Foliar Treatments of GB

‘D\H Control @V1 Salt 8V2 Control DV2 Salt|

Vegetative Stage Reproductive Stage Vegetative Stage Reproductive Stage

7
3 ~ 6
=z
_ 25 s
: 2 !
315 i - I
; ‘1 Y §§ ” i \" § H 2
£ i 4 H 1] I E =
5 EIIWH e (E & Bl (e s
o LLELU] LB L £IlMA CiimA { b

OmM

50mM  100mM OmM  50mM 100mM

OmM

50mM  100mM OmM  50mM 100mM

Foliar Treatments of GB Foliar Treatments of GB

|E|V1 Control @V1 Salt @V2 Control IV2 Salr|

|CIV1 Control BV1 Salt @V2 Control OV2 5all|

Figure 1. Impact of foliar spray of GB on root length (a), shoot length (b), root fresh weight (c),
shoot fresh weight (d), root dry weight (e), shoot dry weight (f) of two wheat (Triticum aestivum
L.) varieties under Na,SO, stress

Table 1. Mean squares from ANOVA of data for growth attributes of wheat (Triticum
aestivum L.) two varieties when different levels of GB were used as foliar spray under
Na,SO;, at the vegetative and reproductive stages

Sov d.f Root Shoot Length | Root Fresh Root dry Shoot Fresh Shoot dry
Length Weight weight Weight weight
Salt 1 247** 1.28** 98.5%** | 1.256%** | 10865.4*** | 1574.3***
Var 1 | 1.24%** 1.78*** 3.8*** 24 .6%** 294 4%** | 1247.9***
Var x Salt 1 | 1.76%** | 2.16**** 3.4%** 1.24** 29.5ns 249 .4***
Gr x Stages 1 1.47* 2.59** 0.053ns 1.04** 255.8*** 29.9%**
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Var x Gr Stages 1 2.68ns 2.54* 1.9%** 1.00*** 75.7*%* 1.4ns
Salt x Gr Stages 1 | 3.14*%** 3.25%* 1.5%** 0.09ns 65.9** 0.05ns
Salt x Var x Gr 1 | 1.21%** 3.8%** 0.4** 0.005ns 75.1%* 2.7ns
Stages
GB 2 2.97ns 1.29ns 1.9%** 0.10*** 46.7* 41.7***
Salt x GB 2 | 3.45** 1.92ns 0.80** 0.10*** 189.5** 1.00ns
Var x GB 2 1.04ns 3.49%** 0.003ns | 0.008ns 25.7ns 0.99ns
Var x Salt x GB 2 1.25** 3.47** 0.04ns 0.03ns 3.3** 1.6ns
Gr Stages x GB 2 2.45ns 2.58** 1.23** 1.05ns 122.4%** 20.6%**
Var x Gr Stages x 2 | 2.40%** 1.53** 0.031ns 0.10ns 8.4ns 0.75ns
GB
Salt x Gr Stages x 2 | 3.15%** 1.05ns 0.31ns 0.9ns 13.2ns 0.90ns
GB
Var x Salt x Gr 2 | 3.22%** 2.4ns 0.21ns 0.2ns 17.4ns 1.54**
Stages x GB

Error 72 1.04 2.07 0.25 0.088 10.5 0.105

Photosynthetic pigments

Analysis of variance of data shown in Table 2 represented that salt stress
significantly reduced the photosynthetic pigments in both varieties of wheat. Foliar
application of GB significantly enhanced this biochemical attribute of both wheat
varieties under normal and salt stress. However, there was not significant increase in
chlorophyll b by application of exogenous GB under salt stress. Both varieties showed
different response for chlorophyll a and b in salt treated plants, whereas both varieties
showed same results for carotenoids. Different concentrations of foliar application of
GB 0, 50 and 100mM affected these pigments in salt treated and non-treated plants. The
effect of exogenous GB was significant in non treated plants, whereas in salt treated
plants Chl ‘a’ and carotenoids were significantly improved. However, application of GB
did not significantly affect Chl a and Chl b when applied as foliar spray at two growth
stages of wheat. Both varieties showed random results in response to 50mM and
100mM under normal and saline conditions (Figs. 2a and b).

Table 2. Mean squares from ANOVA of data for Chl a, Chl b and
carotenoids of wheat (Triticum aestivum L.) two varieties when different
levels of GB were used as foliar spray under Na,SO, at the vegetative
and reproductive stages

SOV d.f Chlorophyll a Chlorophyll b Carotenoids
Salt 1 2.9%* 0.37*** 32.5%*
Var 1 0.48ns 0.009ns 32.1%%*
Var x Salt 1 1.002* 0.07* 25.6ns
Gr x Stages 1 1.21%** 0.05*** 35.8ns
Var x Gr Stages 1 0.001ns 0.003ns 47.8*%**
Salt x Gr Stages 1 0.10ns 0.013ns 35.8**
Salt x Var x Gr Stages 1 0.047ns 0.15** 31.4ns
GB 2 0.87*** 0.10%*** 32.5*
Salt x GB 2 0.20** 0.010ns 31.4%**
Var x GB 2 0.09ns 0.009ns 45.4**
Var x Salt x GB 2 0.014ns 0.10ns 25.8**
Gr Stages x GB 2 0.15* 0.015** 35.8ns
Var x Gr Stages x GB 2 0.09ns 0.008ns 14.5ns
Salt x Gr Stages x GB 2 0.008ns 0.007ns 36.5%**
Var x Salt x Gr Stages x GB 2 0.006ns 0.002ns 23.6ns
Error 72 0.002 0.006 14.6
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Figure 2. Impact of foliar spray of GB on chlorophyll a (a), chlorophyll b (b), carotenoids (c) of
two varieties of wheat (Triticum aestivum L.) under Na,SO, stress

Gaseous exchange attributes

ANOVA of data presented in Table 3 showed that salt stress significantly reduced
the gaseous exchange parameters i.e. Net CO, assimilation rate (A), Transpiration rate
(E), Substomatal CO, concentration (Ci) and Stomatal Conductance to water vapors
(gs). Both varieties significantly differ under normal conditions for all these
physiological parameters but under adverse conditions varieties did not show different
response for A and E. Application of foliar GB (50mM, 100mM) was found to be
effective in improving the values of A, E, and Ci and gs in saline as well as non-saline
conditions. 100mM GB was found to be more efficient than 50mM to combat the
adverse effects applied at both vegetative and reproductive stages (Figs. 3a,b,c and d).
The interaction Salt x Gr Stages x GB was non significant and significant for A and E
and Ci and gs respectively.

Table 3. Mean squares from ANOVA of data for gaseous exchange parameters of
wheat (Triticum aestivum L.) two varieties when different levels of GB were used
as foliar spray under Na,SO, at the vegetative and reproductive stages

SOV d.f A E Ci gs
Salt 1 1139.5*** 12.4%** 239134.9%** 2426.9%**
Var 1 30.9** 0.72** 13785.6*** 419.3%**
Var x Salt 1 0.9ns 0.10ns 7800.1*** 766.6***
Gr x Stages 1 34.9%** 0.23ns 15121.3%** 17.2ns
Var x Gr Stages 1 1.039ns 0.321* 243.9%** 49.4ns
Salt x Gr Stages 1 1.9ns 0.01ns 2544 .9%** 12.1ns
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Salt x Var x Gr Stages 1 0.15ns 0.31* 501.5%** 40.1ns

GB 2 55.5** 0.34* 18722.6*** 130.9**

Salt x GB 2 9.2ns 0.001ns 150.3ns 44.7ns

Var x GB 2 0.23ns 0.15ns 329.5** 53.3ns

Var x Salt x GB 2 0.72ns 0.23ns 2429.8*** 19.2ns

Gr Stages x GB 2 12.9%** 0.12ns 2025.5** 72.3**
Var x Gr Stages x GB 2 0.20ns 0.09ns 795.3%** 18.2ns

Salt x Gr Stages x GB 2 1.9ns 0.02ns 269.1* 65.2**
Var x Salt x Gr Stages x GB 2 0.099ns 0.03ms 257.9* 61.2*
Error 72 11 0.09 71.4 18.6
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Figure 3. Impact of foliar spray of GB on net CO, assimilation rate (a), transpiration rate (b),
substomatal CO, concentration (c), stomatal conductance (d) of two varieties of wheat (Triticum
aestivum L.) under Na,SQO, stress

Catalase and Peroxidase activities

Salt stress reduced the catalase (CAT) and peroxidase (POD) activities in both wheat
varieties (Figs. 4a and b). However, foliar spray of GB at different growth stages
significantly increased CAT and POD activities under normal and adverse conditions.
Foliar application of GB (100mM) was more effective than 50mM. Under saline
conditions, a maximum CAT activity (4.21 units/mg protein) was observed in V1 when
100 mM GB was sprayed at vegetative stage. The salt stressed plants of V1 had higher
CAD activity than those of V2 at 100 mM GB level especially when sprayed at the
vegetative stage. Peroxidase activity of the salt-treated and non-treated plants of both
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wheat varieties was enhanced with exogenous GB (Fig. 4b). Both levels of GB were
almost equally effective in affecting the POD activity in salt treated plants. Foliar spray
of GB at the vegetative stage was more useful than reproductive stage in improving the
POD activity in plants grown under both normal and stress environments.
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Figure 4. Impact of foliar spray of GB on CAT (a) and POD (b) activity of two varieties of
wheat GB (Triticum aestivum L.) under Na,SO, stress

Table 4. Mean squares from ANOVA of data for CAT and POD activities of
wheat (Triticum aestivum L.) two varieties when different levels of GB were
used as foliar spray under Na,SO, at the vegetative and reproductive stages

SOV d.f CAT Activity POD Activity
Salt 1 115.9ns 1395.3***
Var 1 32.3ns 4932 .3***
Var x Salt 1 12072.3*** 801.2***
Gr x Stages 1 315.9** 135.9**
Var x Gr Stages 1 81.5ns 420.9***
Salt x Gr Stages 1 235.7ns 185.8**
Salt x Var x Gr Stages 1 1875.7*** 29.2ns
GB 2 397.9** 1596.5***
Salt x GB 2 335.3* 596.3***
Var x GB 2 834.5** 1589.2***
Var x Salt x GB 2 3139.5*** 600.2***
Gr Stages x GB 2 74.4ns 150.3*
Var x Gr Stages x GB 2 395.7** 80.8ns
Salt x Gr Stages x GB 2 32.2ns 50.3ns
Var x Salt x Gr Stages x GB 2 895.5ns 325.3**
Error 72 69.5 30.2
Discussion

This experiment was carried out to determine the impact of exogenously spray of GB
at different growth stages of two wheat varieties under salt stress. In this study, decrease
in root and shoot growth, fresh and dry shoot and root weights; chlorophyll concentration
and gaseous exchange parameters have been observed in plants subjected to salinity
(Na,SO,) stress. The decline in growth and biomass may be due to different reasons.
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Excess of soluble salts in the growth medium disturb the plant water relations, absorption
and assimilation of essential nutrients. There are three physiological reasons responsible
for the inhibition of growth. These reasons include (a) Turgor pressure reductions in
expanding tissues, (b) reductions in photosystem activity and (c) direct effects of toxic
accumulated ions on vital metabolic steps in meristematic and expanding cells (Newman,
1997). These changes, disturb the activities of various enzymes and hence the plant
metabolism is affected (Munns, 2002; Lacerda et al., 2003). Inhibition of growth is the
primary injury that results in the appearance of symptoms. Salt stress activates abscisic
acid (ABA) biosynthesis pathway. ABA when transported to the guard cells of the
stomata, the stomata become close. The stomatal closure leads to decrease in rate of
photosynthesis. Oxidative stress may also occur due to photoinhibition. An immediate
effect of osmotic stress caused by salt stress is the inhibition of growth by inhibiting cell
expansion either directly or indirectly through ABA (Jouyban, 2012). Salt stress had
adverse impact on the rate of photosynthesis, enzyme activity. Salt stress reduces the
carbohydrates and growth hormones levels, both of which can reduce the growth (Mazher
et al., 2007). Chlorophyll contents reduced due to accumulation of toxic ions and
physiological problems noticed during stomata opening and closing under salt stress
(Seemann and Critchley, 1985; Aranda and Syvertsen, 1996; Molazem et al., 2010,
Nawaz et al., 2010). Rapid maturing of leaves under adverse condition may also be the
reason of low chlorophyll contents (Yeo et al., 1991).

Exogenous application of GB improves the growth and development of plants under
stressful conditions (Sakamoto and Murata, 2002; Park et al., 2006). It is generally
accepted that the increase in cellular osmolality that results from the accumulation of
nontoxic, osmotically active solutes such as GB provide turgor pressure necessary for
cell expansion (Hare et al., 1998).The development of plants, mainly depends upon the
rate of photosynthesis which is adversely affected by salt stress, especially sensitive
genotypes of all crops (Kausar et al., 2015). Photosynthesis in two wheat varieties was
inhibited due to salt stress; however, foliar application of GB alleviated this adverse
effect. Increase in photosynthetic rate was due to high amount of GB under salinity
stress. Similar results have also been found in some crops such as tomato (Makela et al.,
1998), maize (Yang and Lu, 2005; Nawaz and Ashraf, 2010) and wheat (Rajasekaran et
al., 1997; Raza et al., 2006). Foliarly applied GB regulates photosynthesis through
stomatal and non-stomatal factors. GB stabilized oxygen-evolving centre and protect
PSII (Papageorgiou et al., 1991), and proteins associated with PSII complex under
salinity stress (Murata et al., 1992; Sakamoto and Murata, 2002). GB increased the
activity of Rubsico in tomato (Makela et al., 1999) and PEP carboxylase in C4
halophytes (Manetas et al., 1986) under salt stress. Rajasekaran et al. (1997) found that
GB spray improved the value of gs which resulted in significant increase in net CO,
assimilation rate in wheat.

In our study, gs was significantly reduced in salt treated plants of both wheat
varieties than that in non-treated plants (Fig. 3d). However, exogenous application of
GB improved the stomatal conductance. The photosynthetic rate (A) and stomatal
conductance (gs) are positively correlated. A and gs were also positively correlated with
(Ci). These results confirm that foliarly applied GB alleviates the toxic effects of salt
stress on photosynthetic rate due to stomatal factors. GB may also regulate gs and E
through ABA (Makela et al., 1999). Exogenous application of GB had a useful effect on
chlorophyll contents (chlorophyll a and b) in salt-treated plants of wheat. Higher leaf
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chlorophyll contents due to foliar spray of GB are one of the additional factors that may
have contribution to enhance Net CO; assimilation rate under saline environment.

Abiotic stresses results in the formation of Reactive oxygen species (ROS) (Hoque et
al., 2007) due to electron leakage from photosynthetic and respiratory electron transport
chains to molecular oxygen (Hernandez et al., 2001). The ROS can damage lipids,
proteins and nucleic acids by causing oxidative stress and disturb normal metabolism
(McCord, 2000). These ROS also result in Membrane injury under salt stress (Mittler,
2002). Plants have different mechanisms to scavenge these toxic ROS either by
synthesizing different antioxidant compounds or by activating antioxidant enzymes
(Mittler, 2002; Ashraf, 2009). Catalase is a potential enzyme which is capable to
detoxify two molecules of H,O, to water and oxygen and thus is considered as an
efficient ROS detoxifier (Hasanuzzaman et al., 2014). There are many reports on the
changes in CAT activity or expression and these supported this view about CAT
(Hasanuzzaman et al., 2014; Mhamdi et al., 2010). In our study, Na,SO, stress caused
the reduction in CAT and POD activities in both wheat varieties (Figs. 4a and b), but
foliar spray of GB improved their activities when sprayed at the both growth stages. The
effect of GB application on CAT and POD activities was not significant when GB
applied at different growth stages (Table 4). Ma et al. (2006) found that foliar
application of GB increased SOD and APX activities of wheat plants under water-stress.
It is suggested exogenous GB can increased the salinity tolerance by enhancement of
the components of antioxidant defense and glyoxalase systems (Heuer, 2003).

It can be concluded that foliar spray of GB was useful in alleviating the negative
effects of salt stress on growth, photosynthesis and antioxidants of both wheat varieties.
Positive results of exogenous GB were due to its improvement in photosynthetic
capacity through stomatal factors, accumulation of GB, its protective effect on stability
of cell membrane and photosynthetic machinery. GB is an important osmoprotectant
and play important role in osmotic adjustment. GB also increased the antioxidant
activities to prevent damage from oxidative stress.
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