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Abstract

An experiment was designed in a glasshouse to test the mitigation effects of exogenously applied 24-epibrassinolide
(EBL) on tomato (Solanum lycopersicum L.cv. ‘H2274 F1°) plants grown at saline regime. The plants were subjected to O or
100 mMNaCl 10 days after germination and they were further grown for a week. At 17 d stage, the seedlings were sprayed
with deionized water (control) or 0.5 or 1.0 uM EBL. Salinity resulted in significant decreases in dry matter, fruit yield, leaf
water potential, leaf relative water content and maximum fluorescence yield (Fv/Fm), but increased proline content,
electrolyte leakage (EL), hydrogen peroxide (H202), malondialdehyde (MDA), and activities of enzymes such as, catalase
(CAT,; EC. 1.11.1.6), superoxide dismutase (SOD; EC 1.15.1.1),and peroxidase (POD; EC. 1.11.1.7) in plants as compared
to those in non-stressed plants. However, foliar application of EBL enhanced basic growth parameters, water relations and
reduced the antioxidant enzymes, proline content, electrolyte leakage, and H202 and MDA contents. Salt stress enhanced
root:shoot ratio, leaf sodium (Na*) contents and Na*:K* ratio, but reduced mineral nutrients such as, phosphorus (P),
nitrogen (N), calcium (Ca?*) and potassium (K*) in the leaves and roots of both cultivars. Both doses of EBL resulted in
increased N, P, K* and Ca?*contents, whereas decreased Na* in salt stressed plants. The findings indicate that foliar
application of EBL can mitigate damage caused by salinity stress on tomato plants by lowering the levels of Na, H20z,
MDA, electrolyte leakage and increasing activities of key antioxidant enzymes in the leaves.
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Introduction

Abiotic stresses minimize the growth and yield of
plants (Shahid et al., 2011a, Siringam et al., 2012). It
has been well documented that salinity restricts growth
and productivity of most plants (Balal et al., 2012; Hu et
al.,, 2012). Plants show considerable changes in
biochemical and physiological processes to minimize
detrimental effects induced by salinity (Leyva et al.,
2011; Shahid et al., 2011a; Balal et al., 2012; Shahid et
al., 2012). Salinity stress basically causes osmotic shock
and ion-toxicity which ultimately induce lethal effects in
plants (Balal et al., 2012).

Plants adapt different strategies to cope with both
osmotic and ionic shocks induced by salinity stress.
Plants mitigate the salt-induced nutritional and osmotic
stress effects by producing different organic compounds
like proline, glycinebetaine, polyamines, amino acids
and so on in the plants (Banu et al., 2009; Hajlaoui et
al., 2010; Ashraf et al., 2011; Balal et al., 2012).

Water uptake is inhibited due to reduced osmotic
potential in the soil solution caused by NaCl (Garcia-
Sanchez et al., 2002). Due to restriction of water uptake,
water contents within the plant decrease and ultimately
this leads to reduce growth rate. So it is needed to
enhance the water content in the plants grown at salt
stress regimes by supplying both organic (sugars, amino
acids, proline and glycinebetaine) and inorganic calcium
(Ca**) and magnesium (Mg?*) ions in order to lower
osmotic potential within the plant (Shahid et al., 2015).

There are different types of mechanical and bio-
chemical techniques to overcome the salinity-induced
harmful effects of salinity stress on plants. The

reclamation of soils is one of such approaches in order
to make conditions of soils more suitable for plant
growth but this method is time-consuming and highly
costly. So, potential of salt tolerance may be improved
by using various growth substances including
gibberellins, auxins, ascorbic acid, proline, oxalic acid,
polyamines, glycinebetaine, and brassinosteroids (Abbas
et al., 2010; Ashraf et al., 2010; Roychoudhury et al.,
2011; Shahid et al., 2015).

Brassinosteroids (BSs) are a specific group of low-
quantity of steroidal hormones in plants (Bajguz &
Hayat, 2009) which induce a broad range of responses
such as, growth of pollen tube, synthesis of nucleic
acids and proteins, thereby inducing growth by
increasing both cell division and cell elongation
(Clouse & Sasse, 1998; Hu et al., 2000). A series of
researches have also shown that BSs may enhance
ability of the plant to improve stress tolerance, such as
salinity (Ali et al., 2007), chilling stress (Fariduddin et
al.,, 2011), water stress (Fariduddin et al., 2009),
aluminum (Ali et al., 2008), nickel (Yusuf et al.,
2011), cadmium (Hayat et al., 2010a), heat stress
(Khan et al., 2015) and low temperature and poor light
(Cui et al., 2017).

This study was aimed to test response of 24-
epibrassinolide (EBL) as anti-stress compound in tomato
plants grown at salinity stress and to study the
antioxidant machinery systems and the oxidative stress.
The hypothesis was that EBL would improve antioxidant
enzymes’ activities and decline oxidative stress which
might lead to overcome the deleterious effects of salinity
stress by enhancing water relations, plant growth and
mineral nutrition.
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Materials and Methods

Plant growth and treatments: An experiment was
designed in a glasshouse conditions with tomato
(Solanum lycopersicum L.) cv. ‘H2274 F1’. Seeds of
tomato were sterilized using (1% v/v of sodium
hypochlorite solution before sowing and then seeds (3)
were sown into 5.5 L of containers containing perlite.
After germination, two plants were thinned and one plant
was grown on in each container. The tomato plants were
grown at 20-30°C and greater than 10 °C temperatures day
and night times, respectively by using a heater. To
minimize water losing from surface of pots, all pots were
covered with a black plastic. Nutrient solution contains
(mg L): N (270 NO3 form) P, (31) K (234), Ca (200), S
(64), Mg (48), Fe (2.8), Mn (0.5), B (0.5), Cu (0.02), Zn
(0.05) and Mo (0.01). The pH of the nutrient solution was
adjusted at 5.5 level using 10 mM of potassium hydroxide
before using. The design of experiment was a RCBD and
replicated three times. Each replicate contained five
seedlings (eg. 15 seedlings for each treatment).

Ten days after germination, the plants were given the
nutrient solution including 0 or 100 mMNacCl for a week.
At 17 d stage, A solution (20 mL pot?) of deionized water
(control) or 0.5 uM 24-epibrassinolide (EBL) prepared in
0.01% T-20, were sprayed foliarly to the plants of tomato
once a week. Two plants per replicate were cut at fruit set
stage to determine fresh weight and key growth
parameters. The remaining three plants per replicate were
grown on to determine both individual and total fruit
weight per plant at the fruit ripening stage. To determine
dry weight, the plants were cut, separated into shoots and
roots and dried at 70-C for 48 h.

Chlorophyll content: One gram leaf samples was taken
from fully expanded leaves and ground in acetone (90%;
v/v). The absorbance of filtrate was run on a UV-Visible
Spectrophotometer (Shimadzu UV-120, Japan) and total
amount of chlorophyll content was quantified according
to method (Strain & Svec, 1966).

Leaf water potential: A fully youngest leaf from each plant
at 8.00 a.m. was taken for measurement of water potential
using a pressure chamber (PMS model 600, USA).

Leaf free proline contents: The leaf samples were
extracted for proline content as details given by kaya et
al. (2015). The readings recorded at 520 nm following the
method of Bates et al. (1973).

Electrolyte leakage (EL): The EL was determined
following the method by Kaya et al. (2015).The following
formula was used for estimating electrolyte leakage
(Dionisio-Sese & Tobita, 1998).

MP = EC./EC; x 100

Chlorophyll  fluorescence measurements: Before
measure Maximal quantum yield (Fv/Fm), leaves were
adapted at dark for 30 min and then Fv/Fm was measured
using a portable chlorophyll fluorometer (Photosynthesis
Yield Analyzer Mini-PAM, Walz, Germany).
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Antioxidant enzymes: The detail of procedure is given
elsewhere (Kaya et al., 2015). For determination activities
of CAT, SOD and POD, the methods of Kraus & Fletcher
(1994), Beauchamp & Fridovich (1971) and (Chance &
Maehly, 1955) were followed, respectively.

Lipid peroxidation and hydrogen peroxide: The lipid
peroxidation, as a product of malondialdehyde (MDA)
content was determined according to method of Weisany
et al. (2012). The hydrogen peroxide (H»02) was
measured following the procedure of Loreto & Velikova
(2001). The detail of determination is provided by Kaya et
al. (2015).

Chemical analyses: The details ofdetermining the
concentrations of Sodium (Na), potassium (K) and
calcium (Ca) were given elsewhere by Kaya et al. (2015)
based on the method given by Chapman & Pratt
(1982).Phosphorus and total nitrogen were determined by
using the Vanadate-molybdate method as described in
Jackson (1962) and the Kjeldahl apparatus, respectively.

Statistical analysis: The statistical package SAS version
9.1 (SAS Institute Inc., NC, USA) was used to obtain
ANOVA of data for all parameters tested and significance
was assessed at p<5%.

Results

Some key growth and yield parameters: Salinity led to
lower total chlorophyll, shoot and root dry weights of
tomato as compared to these in non-stressed plants (Table
1). In salt stressed plants, the root/shoot ratio was increased
due to markedly higher inhibition in shoot growth than that
in root growth. However, foliar application of EBL
significantly increased total chlorophyll, shoot and root
growth and partly reduced root/shoot ratio in tomato crops
grown under saline regime.

Salinity stress reduced both fruit yield and average fruit
weight (Table 2). Both fruit yield and average fruit weight of
tomato grown at saline regimes were enhanced by
exogenously application of EBL, but EBL application did
not significantly affect those in non-stressed plants except for
1 uM EBL treatment where it increased fruit yield.

Salinity stress reduced leaf water potential (‘Y1) and
maximum fluorescence yield (Fv/Fm) of tomato plants as
compared to control tomato plants. However, salinity
stress led to increase leaf osmolality (LO), leaf free
proline contents and electrolyte leakage (EL) in the leaves
(Tables 3 and 4). Exogenous applied EBL enhanced
Fv/Fm and W1 but reduced leaf proline, LO and EL.

Mineral nutrient contents: Salinity stress increased Na*
concentrations in the leaves and roots of tomato plants
grown at saline conditions, but it reduced significantly by
foliar application of EBL (Table 5). Salinity stress
reduced leaf K*, Ca?* P and N contents in the leaves, but
exogenous application of EBL led to increase those
elements in the leaves of plants grown at saline regime
(Tables 5 and 6). Furthermore Na*: K* ratio was increased
by salinity stress, but this was lowered down by
exogenous application of EBL (Table 5).
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Table 1. Total chlorophyll (mg kg?), total dry weights of shoot, and root; root: shoot ratio of tomato grown in
salt with or without epibrassinolide (EBL uM) applied via leaves.

Treatments Total Chl TotalDM | RC | RootDM | Shoot DM Root: Shoot
g/ plant ratio
C 1254+62b  159.6+154a  100.0 9.4+12a 150.2 + 14.22 0.063c
EBL 0.5 1295+70a  161.0+14.3a  100.8 9.6+1.1a 151.4 +13.2a 0.063c
EBL 1.0 1316 +60a  164.0+13.6a  102.8 9.7+1.2a 1543 + 12.4a 0.063c
S 1066 + 58¢ 57.7 + 4.6c 36.2 5.6 +0.5¢ 52.1+4.1c 0.107a
EBL 0.5 1116 + 46d 85.0 + 7.5b 53.2 6.8+0.7b 78.2 £ 6.8b 0.087b
EBL 1.0 1204 + 47¢c 89.3 + 7.8b 56.0 7.0+ 0.6b 823+7.2b 0.085b

C: Control; S: 100 mMNacCl; Means followed by same letters in a same column show no significance among treatments at p<0.05);

+: Standard error of means of three replicates

Table 2. Some yield attributes of tomato grown in salt with
or without epibrassinolide (EBL uM) applied via leaves.

Treatments Fruit yield No. of Ayerage fru!t
g/plant fruit/plant  weight (g/fruit)
C 6735b 43.01a 156.6 a
EBL 0.5 6805ab 4487 a 151.7 a
EBL 1.0 6830a 4512 a 1514 a
S 5715e 41.64b 137.2¢
EBL 0.5 6041d 42.25b 143.0b
EBL 1.0 6250c 42.36b 1475b

C: Control; S: 100 mMNacCl; Means followed by same letters in a same
column show no significance among treatments at p<0.05)

Table 4. Leaf water potential (W1 :MPa) and leaf osmolality
(LO, Osmol/kg of tomato grown in salt with or without
epibrassinolide (EBL uM) applied via leaves

Treatments Y1 LO

C -0.32a 0.043d
EBL 0.5 -0.31a 0.038d
EBL 1.0 -0.31a 0.034d
S -1.49c 0.124a
EBL 0.5 -1.32bc 0.103b
EBL 1.0 -1.18b 0.087c

C: Control; S: 100 mMNaCl; Means followed by same letters in a
same column show no significance among treatments at p<0.05)

Enzyme activities and ROS: Salinity stress resulted in
an increase in the activities of enzymes such as, CAT,
SOD, and POD in the leaves of plants. Exogenous applied
EBL caused further increases in the activities of enzymes
tested in tomato plants at saline condition (Table 7).

Moreover, concentrations of both MDA and H,0;
increased remarkably in the t plants subjected to saline
conditions. Foliar spray of EBL lowered both H,0, and
MDA contents in tomato plants grown at saline regime
(Table 7).

Discussion

In the present study, a significant decrease in growth
attributes was observed in tomato plants grown at saline
conditions. The similar results have been reported by
Shahid et al. (2011a), Noreen & Ashraf (2009) and
Shahid et al. (2015) in pea plants and by Kaya et al.
(2015) in maize plant. However, the exogenous
application of EBL enhanced plant growth of plants

Table3. Maximum fluorescence yield (Fv/Fm), electrolyte
leakage (EL) and proline (pro, pmol g) tomato grown in salt
with or without epibrassinolide (EBL uM) applied via leaves.

Treatments Fv/IFm EL (%) Pro

C 0.807+£0.032a 14+1.1c 1.10%0.09d
EBL 0.5 0.802+0.026a 13+1.2c 1.07+0.08d
EBL 1.0 0.809+£0.028a 13+1.2c 1.06 +0.04d
S 0.677+0.022c 25+15a 297 +0.06a
EBL 0.5 0.702+£0.023b 21+1.6b 2.35%+0.07b
EBL 1.0 0.714+£0.021b 19+1.8b 2.12+0.08c

C: Control; S: 100 mMNaCl; Means followed by same letters in a
same column show no significance among treatments at p<0.05); =:
Standard error of means of three replicates

exposed to saline condition. Of the both doses of EBL, 1
UM EBL was more beneficial in most cases, by showing a
significant increases in total chlorophyll, fruit yield and
water relations parameters. These findings relating with
the beneficial role of EBL are in agreement with earlier
reports showing that foliar application of EBL improves
salinity tolerance in crops, such as rice (Anuradha & Rao,
2001), (Hayat et al., 2010b), bean (Rady, 2011),
strawberry (Karlidag et al., 2011), Brassica juncea (Hayat
et al., 2012), wheat (Talaat & Shawky, 2012), and pea
(Shahid et al., 2015).

The deleterious effects on fruit yield induced by
salinity were mitigated by exogenous EBL, but 1 uM
EBL was more effective. The results relating to the yield
are consistent with the findings of Rady (2011) in bean
and Shahid et al. (2011b, 2015) in pea. The clear role of
EBL in improvement of yield is not known, but it may be
suggested that its beneficial effect on yield might be due
to assimilates and mineral elements being translocated to
developing fruit during fruit stage and thus enhancing
fruit size and weight. Different reportes have shown that
EBL improve the translocation of various assimilate
substances within the plant tissues (Fujii & Saka, 2001,
Verma & Mishra, 2005). These reports indicate that
alleviating effect of EBL could have been linked with its
promoting to upregulate activities of antioxidant enzymes
and improvement of assimilates within the plant body
(Shahid et al., 2015).

Salinity results in the reduction in leaf water potential
(P1) as a result of reduction in water status and cell
turgidity of the plants (Chapin, 1991; Hayat et al., 2010b).
EBL induced increases in growth of plants grown at
saline regime and might have been also because of
increases in leaf W1 consequently the improvement of
moisture level in leaf tissues.
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Table 5. Sodium (Na*), K*and Na*:K" ratios in the leaves and roots of tomato grown in salt with or
without epibrassinolide (EBL pM) applied via leaves.
Leaf Root
Treatments Na* K* \ Na":K* Na* K*
mmol/kg DW

C 32+2c 364 + 22a 0.09d 67 = 3c 97 +5a
EBL 0.5 31+2c 366 + 19a 0.09d 63 +3c 95 + 5a
EBL 1.0 30+3c 372+ 21a 0.09d 64 + 2c 96 + 6a
S 347 + 18a 265+ 17d 1.31a 289 + 18a 69 = 4b
EBL 0.5 253 +13b 295+ 17c 0.86b 192 + 10b 74 +4b
EBL 1.0 230 £ 14b 338 £ 14b 0.68c 190 + 10b 76 £ 4b

C: Control; S: 100 mMNaCl; Means followed by same letters in a same column show no significance among treatments at p<0.05);

+: Standard error of means of three replicates

Table 6. Nitrogen (N), P and Ca?*contents in the leaves and roots of tomato grown in salt with or
without epibrassinolide (EBL pM) applied via leaves.

Leaf Root
Treatments N \ P \ Ca* N P Ca*
mmol/kg DW

C 1132 + 590 66 + 4a 172 + 9a 659 + 31a 16 £0.9¢c 166 + 11a
EBL 0.5 1137 + 53ab 65+ 3a 174 + 9a 656 + 32a 17+£0.9¢c 174 + 10a
EBL 1.0 1148 +51a 67 +4a 179 + 10a 656 + 33a 15+0.7¢c 172 + 10a
S 835 + 36e 32x2d 102 + 6¢ 457 + 26¢ 24+1.4b 72+3c
EBL 0.5 962 + 42d 39+ 2c 149 + 8b 478 + 24bc 34+1.1a 110+ 6b
EBL 1.0 1120 + 45¢ 57+2b 172 + 9a 496 + 29b 38+1.2a 110+ 8b

C: Control; S: 100 mMNaCl; Means followed by same letters in a same column show no significance among treatments at p<0.05);

+: Standard error of means of three replicates

Table 7. Activities/concentrations of superoxide dismutase (SOD: Unit/mg protein/min), catalase
(CAT: Unit x100/mg protein), peroxidase (POX: AA470/min/mg protein), hydrogen peroxide (H202: pmol g-1 Fw)
and malondialdehyde (MDA: nmol g—1 FW) in the leaves of tomato grown in salt
with or without epibrassinolide (EBL pM) applied via leaves.

Treatments SOD CAT POX H20: MDA
C 46¢ 1.24c 8.25¢ 1.19d 1.42d
EBL 0.5 41c 1.22¢c 8.29¢c 1.17d 1.45d
EBL 1.0 41c 1.21c 8.22¢ 1.12d 1.41d
S 125b 2.24b 24.12b 6.42a 10.36a
EBL 0.5 172a 2.92a 34.12a 4.22b 7.39b
EBL 1.0 182a 3.0la 36.14a 3.54¢ 6.22¢c

C: Control; S: 100 mMNaCl; Means followed by same letters in a same column show no significance among treatments at p<0.05)

The maximum fluorescence yield (Fv/Fm) was
significantly lowered in leaves of tomato grown at saline
condition. These results agree with those reported by
Shahbaz et al. (2008) who reported that salinity stress
lowered Fv/IFm of wheat plants. The present results
indicate that foliar spray of EBL to the leaves of plants
grown at saline medium increased the Fv/Fm which
suggest that this compound improved the protection of
PS Il shown as Fv/Fm. This harmful effect of salinity
stress might have been due to the loss of integrity in the
thylakoid membrane which are so sensitive to stress
(Hayat et al., 2010b; Haldimann & Feller, 2005).

Present results showed that salinity stress increased
the concentration of Na*, but reduced K* and Ca?* in
tomato plants. Similarly, it has been reported that
salinity stress resulted in imbalance and deficiencies of

nutrient as well as specific ion toxicity in the plants
(Ashraf, 2004; Munns, 2002; 2005; Tuna et al., 2007).
Foliar spray of EBL lowered Na* and increased K*
contents in the leaf of plants exposed to saline regime.
Present findings do not support the results of Hayat et al.
(2000) who reported that EBL did not change K* level
of mustard plants grown at saline conditions.

Furthermore, Na*/ K* ratios increased in tomato
plants grown at salt stress. This may be due to that high
Na* inhibiting high affinity K* transporters (Gassman et
al., 1996; Amtmann & Sanders, 1999).

When the plants are exposed to stress, they generate
huge amount of reactive oxygen species (ROS) which
may oxidize proteins, nucleic acids and lipids
(Schutzendubel & Polle, 2002) and this process causes
abnormalities at cell levels (di Toppi & Gabbrielli,
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1999). Accumulation of H,O; could increased membrane
leakage which might rapid the Haber-Weiss reaction,
leading to the production of hydroxyl radical and thus
lipid peroxidation (Mittler, 2002; Del Rio et al., 2003;
Karabal et al., 2003; Molassiotis et al., 2006; Cervilla et
al., 2007; Ardic et al., 2009). Plants can overcome the
deleterious effects of ROS successfully by inducing
antioxidant metabolites such as proline and enzymes
(Schutzendubel & Polle, 2002; Noreen & Ashraf, 2009).
Furthermore, the activities of the antioxidant enzymes
not only increased in plants grown at NaCl stress and
treated with EBL compared to control plants, but also
reduced malondialdehyde (MDA) and the hydrogen
peroxide (H20,) content. The present results are in
agreement with those of Ogweno et al. (2008) who
reported that EBL lowered both MDA and H,0, content
in the leaves of salinity-stressed plants. It has been
suggested that the high activities of antioxidative
enzymes by EBL is due to a gene regulated phenomenon
(Goda et al, 2002). So, EBL may regulate the
detoxification of ROS incorporating it as a part of
mechanism (Hayat et al., 2010b).

Increase in both the activities of enzymes and
accumulation of proline led to improve tolerance to
NaCl stress in the present experiment. It has also been
reported that EBL enhanced antioxidant enzyme
activities in the plants subjected to saline condition
(Ali et al., 2007). The role of EBL in the controlling
of ROS has been proved that they have ability to lead
to regulation of special antioxidant genes and so
enhance the activities of antioxidative enzyme such as
CAT, SOD and POD (Nunez et al., 2003; Cao et al.,
2005; Ogweno et al., 2008). Furthermore, under stress
condition, proline has a role in stabilizing cell
membranes (Bandurska, 2001) and countering ROS
(Matysik et al., 2002) as well as act as osmoprotectant
(Hartzendorf & Rolletschek, 2001) elevating the
activities of antioxidant enzymes and enhanced proline
improved tolerance to salinity stress in our study by
enhancing plant growth, photosynthetic pigment and
water relations.

Conclusions

In conclusion, salinity stress led to a considerable
reduction in both dry matter and fruit yield as well as key
nutrients tested in tomato plants compared to that in
control plants. However, increases in leaf Na, proline,
electrolyte leakage, H.O, and MDA led to down-
regulation of PS Il activity. Exogenous applied EBL
partly overcame the adverse effects of salinity stress on
key physiological attributes which were positively
influenced by reducing leaf Na, electrolyte leakage, MDA
and H,O, contents and by further increasing antioxidant
enzymes and key nutrient elements.

Acknowledgement

This work was partially supported by University of
Harran (Turkey), Project number 15170.

1659

References

Abbas, W., M. Ashraf and N.A. Akram. 2010. Alleviation of
salt-induced adverse effects in eggplant (Solanum
melongena L.) by glycinebetaine and sugarbeet extracts.
Sci. Hort., 125: 188-195.

Ali, B., S. Hasan, S. Hayat, Q. Hayat, S. Yadav, Q. Fariduddin
and A. Ahmad. 2008. A role for brassinosteroids in the
amelioration of aluminium stress through antioxidant
system in mung bean (Vigna radiate L. Wilczek). Environ.
Exp. Bot., 62: 153-159.

Ali, B., S. Hayat and A. Ahmad. 2007. 28-Homobrassinolide
ameliorates the saline stress in chickpea (Cicerarietinum
L.). Environ. Exp. Bot., 59: 217-223.

Amtmann, A. and D. Sanders. 1999. Mechanisms of Na* uptake
by plant cells. Adv. Bot. Res., 29: 75-112.

Anuradha, S. and S.S.R. Rao. 2001. Effect of brassinosteroids
on salinity stress induced inhibition of seed germination
and seedling growth of rice (Oryza sativa L.). Plant
Growth Regul., 33: 151-153.

Ardic, M., AH. Sekmen, |. Turkan, S. Tokur and F. Ozdemir.
2009. The effects of boron toxicity on root antioxidant
systems of two chickpea (CicerarietinumL.) cultivars.
Plant Soil, 314: 99-108.

Ashraf, M. 2004. Some important physiological selection
criteria for salt tolerance in plants. Flora, 199: 361-376.
Ashraf, M., N. Akram, F. Al-Qurainy and M. Foolad. 2011.
Drought tolerance: Roles of organic osmolytes, growth
regulators, and mineral nutrients. Adv. Agron., 111: 249-257.

Ashraf, M., R. Ahmad, A. Bhatti, M. Afzal, A. Sarwar, M. Magsood
and S. Kanwal. 2010. Amelioration of salt stress in sugarcane
(Saccharumofficinarum L.) by supplying potassium and silicon
in hydroponics. Pedosphere, 20: 153-162.

Bajguz, A. and S. Hayat. 2009. Effects of brassinosteroids on
the plant responses to environmental stresses. Plant
Physiol. Biochem., 47: 1-8.

Balal, R.M., M.M. Khan, M.A. Shahid, N.S. Mattson, T. Abbas,
M. Ashfaq, F. Garcia-Sanchez, U. Ghazanfer, V. Gimeno
and Z. Igbal. 2012. Comparative studies on the
physiobiochemical, enzymatic, and ionic modifications in
salt-tolerant and salt-sensitive citrus rootstocks under NaCl
stress. J. Am. Soc. Hort. Sci., 137: 86-95.

Bandurska, H. 2001. Does proline accumulated in the leaves of
water deficit stressed barley plants confine cell membrane
injuries? Il. Proline accumulation during hardening and its
involvement in reducing membrane injuries in leaves
subjected to severe osmotic stress. Acta. Physiol. Plant.,
23: 483-490.

Banu, M.N.A, M.A. Hoque, M. Watanabe-Sugimoto, K.
Matsuoka, Y. Nakamura, Y. Shimoishi and Y. Murata. 2009.
Proline and glycinebetaine induce antioxidant defense gene
expression and suppress cell death in cultured tobacco cells
under salt stress. J. Plant Physiol., 166: 146-156.

Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid
determination of free proline for water-stress studies. Plant
Soil, 39: 205-207.

Beauchamp, C. and I. Fridovich. 1971. Superoxide dismutase:
Improved assays and an assay applicable to acrylamide
gels. Anal. Biochem., 44: 276-287.

Cao, S.Q., Q.T. Xu, Y.J. Cao, K. Qian, K. An, Y. Zhu, B.Z. Hu,
H.F. Zhao and B.K. Kuai. 2005. Loss-of-function
mutations in DET2 gene lead to an enhanced resistance to
oxidative stress in Arabidopsis. Physiol. Plant., 123: 57-66.

Cervilla, L.M., B.A. Blasco, J.J. Rios, L. Romero and J.M. Ruiz.
2007. Oxidative stress and antioxidants in tomato (Solanum
lycopersicum) plants subjected to boron toxicity. Ann. Bot.,
100: 747-756.

Chance, B. and C. Maehly. 1955. Assay of catalase and
peroxidases. Methods Enzymol., 2: 764-775.



1660

Chapin, F.S. 1991. Integrated responses of plants to stress.
BioScience, 41: 29-36.

Chapman, H.D. and P.F. Pratt. 1982. Methods of analysis for
soils plants and water. Chapman Publishers, Riverside
California.

Choe, S., T. Noguchi, S. Fujioka, S. Takatsuto, A. Tanaka, S.
Yoshida, A.S. Ross, F.E. Tax and K.A. Feldmann. 1999.
Arabidopsis dwf7ste1-2 is defective in the A7 sterol C5
desaturation step leading to brassinosteroid biosynthesis.
Plant Cell, 11: 207-222.

Clouse, S.D. and J.M. Sasse. 1998. Brassinosteroids: essential
regulators of plant growth and development Annu. Rev.
Plant Physiol. Plant Mol. Biol., 49: 427-451.

Cui, L., K. Cao and Z. Zou. 2017. Effects of exogenous 24-
epibrassinolide on photosynthesis and atp synthase B
subunit of tomato under low temperature / poor light. Pak.
J. Bot., 49: 57-62.

Del Rio, L.A., J. Corpas, L.M. Sandalio, J.M. Palma and J.B.
Barroso. 2003. Plant peroxisomes, reactive oxygen
metabolism and nitric oxide. Inter Union Biochem Mol Biol
Life, 55: 71-81.

Dionisio-Sese, M.L. and S. Tobita. 1998. Antioxidant responses
of rice seedlings to salinity stress. Plant Sci., 135: 1-9.
diToppi, L.S. and R. Gabbrielli. 1999. Response to cadmium in

higher plants. Environ. Exp. Bot., 41: 105-130.

Fariduddin, Q., M. Yusuf, S. Chalkoo, S. Hayat and A. Ahmad.
2011. 28-homobrassinolide  improves growth and
photosynthesis in Cucumis sativus L. through an enhanced
antioxidant system in the presence of chilling stress.
Photosynthetica, 49: 55-64.

Fariduddin, Q., S. Khanam, S.A. Hasan, B. Ali, S.A. Hayat and
A. Ahmad. 2009. Effect of 28-homobrassinolide on the
drought stress-induced changes in photosynthesis and
antioxidant system of Brassica juncea L. Acta. Physiol.
Plant., 31: 889-897.

Fujii, S. and H. Saka. 2001. Distribution of assimilates to each
organ in rice plants exposed to a low temperature at the
ripening stage, and the effect of brassinolide on the
distribution. Plant Produc. Sci., 4: 136-144.

Garciia-Sanchez, F., J.L. Jifon, M. Carvajal and J.P. Syvertsen.
2002. Gas exchange, chlorophyll and nutrient contents in
relation to Na* and Cl accumulation in ‘Sunburst’mandarin
grafted on different rootstocks. Plant Sci., 162: 705-712.

Gassmann, W., F. Rubio and J.I. Schroeder. 1996. Alkali cation
selectivity of the wheat root high affinity potassium
transporter HKT1. Plant J., 110: 869-882.

Goda, H., Y. Shimada, T. Asami, S. Fujioka and S. Yoshida.
2002. Microarray analysis of brassinosteroid-regulated
genes in Arabidopsis. Plant Physiol., 130: 1319-1334.

Hajlaoui, H., N.E. Ayeb, J.P. Garrec and M. Denden. 2010.
Differential effects of salt stress on osmotic adjustment and
solutes allocation on the basis of root and leaf tissue
senescence of two silage maize (Zea mays L.) varieties.
Ind. Crop Prod., 31: 122-130.

Haldimann, P. and U. Feller. 2005. Growth at moderately
elevated temperature alters the physiological response of
the photosynthetic apparatus to heat stress in pea (Pisum
sativum L.) leaves. Plant Cell Environ., 28: 302-317.

Hartzendorf, T. and H. Rolletschek. 2001. Effects of NaCl-
salinity on amino acid and carbohydrate contents of
Phragmitesaustralis. Aquat. Bot., 69: 195-208.

Hayat, S., A. Ahmad, M. Mobin, A. Hussain and Q.
Faridduddin. 2000. Photosynthetic rate, growth and yield of
mustard plants sprayed with  28-homobrassinolide.
Photosynthetica, 38: 469-471.

SELCUK SOYLEMEZ ET AL,

Hayat, S., P. Maheshwari, A.S. Wani, M. Irfan, M.N. Alyemeni and
A. Ahmad. 2012. Comparative effect of 28-homobrassinolide
and salicylic acid in the amelioration of NaCl stress in Brassica
juncea L. Plant Physiol. Biochem., 53: 61-68.

Hayat, S., S.A. Hasan, M. Yusuf, Q. Hayat and A. Ahmad.
2010b. Effect of 28-homobrassinolide on photosynthesis,
fluorescence and antioxidant system in the presence or
absence of salinity and temperature in Vigna radiata.
Environ. Exp. Bot., 69: 105-112.

Hayat, S., S.A. Hasan, Q. Hayat and A. Ahmad. 2010a.
Brassinosteroids protects Lycopersicon esculentum from
cadmium toxicity applied as shotgun approach. Protoplasma,
239: 3-14.

Hu, S., H. Tao, Q. Qian and L. Guo. 2012. Genetics and
molecular breeding for salt-tolerance in rice. Rice Genom.
Genet., 3: 39-38.

Hu, Y., F. Bao and J. Li. 2000. Promotive effect of
brassinosteroids on cell division involves a distinct CycD3-
induction pathway in Arabidopsis. Plant J., 24: 693-701.

Jackson, M.L. 1962. Soil Chemical Analysis Constable and Co
Ltd London UK

Karabal, E., M. Yiicel and H.A. Oktem. 2003. Antioxidant
responses of tolerant and sensitive barley cultivars to boron
toxicity. Plant Sci., 164: 925-933.

Karlidag, H., E. Yildirim and M. Turan. 2011. Role of 24-
epibrassinolide in mitigating the adverse effects of salt
stress on stomatal conductance, membrane permeability
and leaf water content, ionic composition in salt stressed
strawberry. Sci. Hort., 130: 133-140.

Kaya, C., M. Ashraf and O. Sonmez. 2015. Promotive effect of
exogenously applied thiourea on key physiological
parameters and oxidative defense mechanism in salt-
stressed Zea mays L. plants. Turk. J. Bot., 39: 786-795.

Khan, A.R., C.Z. Hu, B. Ghazanfari, M.A. Khan, S.S. Ahmad
and |. Ahmad. 2015. Acetyl salicylic acid and 24-
epibrassinolide attenuate decline in photosynthesis,
chlorophyll contents and membrane thermo- stabilityin
tomato (Lycopersicon esculentum Mill.) under heat stress.
Pak. J. Bot., 47: 63-70.

Kraus, T.E. and R.A. Fletcher. 1994. Paclobutrazol protects
wheat seedlings from heat and paraquat injury. Is
detoxification of active oxygen involved? Plant Cell
Physiol., 35: 45-52.

Leyva, R., E. Sanchez-Rodriguez, J.J. Rios, M.M. Rubio-
Wilhelmi, J.M. Romero, L. Ruiz and B. Blasco. 2011.
Beneficial effects of exogenous iodine in lettuce plants
subjected to salinity stress. Plant Sci., 181: 195-202.

Loreto, F. and V. Velikova. 2001. Isoprene produced by leaves
protects the photosynthetic apparatus against ozone damage
quenches ozone products and reduces lipid peroxidation of
cellular membranes. Plant Physiol., 127: 1781-1787.

Matysik, J., B. Alai Bhalu and P. Mohanty. 2002. Molecular
mechanisms of quenching of reactive oxygen species by
proline under stress in plants. Curr. Sci., 82: 525-532.

Mittler, R. 2002. Oxidative stress, antioxidant and stress
tolerance. Trends Plant Sci., 7: 409-410.

Molassiotis, A., T. Sotiropoulos, G. Tanou, G. Diamantidis and
I. Therios. 2006. Boron induced oxidative damage and
antioxidant and nucleolytic responses in shoot tips culture
of the apple rootstock EM9 (Malus domestica Borkh).
Environ. Exp. Bot., 56: 54-62.

Munns, R. 2002. Comparative physiology of salt and water
stress. Plant Cell Environ., 25: 239- 250.

Munns, R. 2005. Genes and salt tolerance: bringing them
together. New Phytol., 167: 645-663.

Noguchi, T., S. Fujioka, S. Choe, S. Takatsuto, F.E. Tax, S.
Yoshida and K.A. Feldmann. 2000. Biosynthetic pathways
of brassinolide in Arabidopsis. Plant Physiol., 124: 201-2009.


https://link.springer.com/journal/11099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11123807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bao%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11123807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11123807
https://www.ncbi.nlm.nih.gov/pubmed/11123807

EPIBRASSINOLIDE MITIGATES SALINITY EFFECTS IN TOMATO

Noreen, Z. and M. Ashraf. 2009. Changes in antioxidant
enzymes and some key metabolites in some genetically
diverse cultivars of radish (Raphanus sativus L.). Env. Exp.
Bot., 67: 395-402.

Nunez, M., P. Mazzafera, L.M. Mazorra, W.J. Siqueira and
M.AT. Zullo. 2003. Influence of a brassinosteroid
analogue on antioxidant enzymes in rice grown in culture
medium with NaCl. Biol. Plant., 47: 67-70.

Ogweno, J.0., X.S. Song, K. Shi, W.H. Hu, W.H. Mao, Y.H.
Zhou, J.Q. Yu and S. Nogues. 2008. Brassinosteroids
alleviate heat-induced inhibition of photosynthesis by
increasing  carboxylation efficiency and enhancing
antioxidant systems in Lycopersicon esculentum. J. Plant
Growth Regul., 27: 49-57.

Rady, M.M. 2011. Effect of 24-epibrassinolide on growth, yield,
antioxidant system and cadmium content of bean
(Phaseolus vulgaris L.) plants under salinity and cadmium
stress. Sci. Hortic., 129: 232-237.

Roychoudhury, A., S. Basu and D. N. Sengupta. 2011.
Amelioration of salinity stress by exogenously applied
spermidine or spermine in three varieties of indica rice
differing in their level of salt tolerance. J. Plant Physiol.,
168: 317-328.

Schutzendubel, A. and A. Polle. 2002. Plant responses to abiotic
stresses: heavy metal induced oxidative stress and
protection by mycorrhization. J. Exp. Bot., 53: 1351-1365.

Shahbaz, M, M. Ashraf and H.U.R. Athar. 2008. Does
exogenous application of 24-epibrassinolide ameliorate salt
induced growth inhibition in wheat (Triticum aestivum
L.).Plant Growth Regul., 55: 51-64.

Shahid, M.A., M.A. Pervez, R.M. Balal, C.M. Ayyub, U.
Ghazanfer, T. Abbas, A. Rashid, F. Garcia-Sanchez, N.S.
Mattson and A. Akram. 2011a. Effect of salt stress on
growth, gas exchange attributes and chlorophyll contents of
pea (Pisum sativum L). Afr. J. Agric. Res., 6: 5808-5816.

1661

Shahid, M.A., M.A. Pervez, R.M. Balal, N.S. Mattson, A.
Rashid, R. Ahmad, C.M. Ayyub and T. Abbas. 2011b.
Brassinosteroid (24-epibrassinolide) enhances growth and
alleviates the deleterious effects induced by salt stress in
pea (Pisum sativum L.). Aust. J. Crop Sci., 5: 500-510.

Shahid, M.A., R.M. Balal, M.A. Pervez, T. Abbas, M.A. Ageel, A.
Riaz and N.S. Mattson. 2015. Exogenous 24-Epibrassinolide
elevates the salt tolerance potential of pea (Pisum sativum L.)
by improving osmotic adjustment capacity and leaf water
relations. J. Plant Nutr., 38: 1050-1072.

Siringam, K., N. Juntawong, S. Cha-um, T. Boriboonkaset and C.
Kirdmanee. 2012. Salt tolerance enhancement in indicarice
(Oryza sativa L. spp. indica) seedlings using exogenous
sucrose supplementation. Plant Omics J., 5: 52-59.

Strain, H.H. and W.A. Svec. 1966. Extraction separation
estimation and isolation of the chlorophylls in: Vernon LP
Seely GR (Eds) The Chlorophylls Academic Press New
York, pp. 21-65.

Talaat, N.B. and B.T. Shawky. 2012. 24-Epibrassinolide
ameliorates the saline stress and improves the productivity
of wheat (Triticum aestivum L.). Env. Exp. Bot., 82: 80-88.

Tuna, A.L., C. Kaya, M. Ashraf, H. Altunlu, I. Yokas and B.
Yagmur. 2007. The effects of calcium sulphate on growth,
membrane stability and nutrient uptake of tomato plants
grown under salt stress. Env. Exp. Bot., 59(2): 173-178.

Verma, S. and S.N. Mishra. 2005. Putrescine alleviation of growth
in salt stressed Brassica juncea by inducing antioxidative
defense system. J. Plant Physiol., 162: 669-677.

Weisany, W., Y. Sohrabi, G. Heidari, A. Siosemardeh and K.
Ghassemi-Golezani. 2012. Changes in antioxidant
enzymes activity and plant performance by salinity stress
and zinc application in soybean (Glycine max L). Plant
Omics J., 5: 60-67.

Yusuf, M., Q. Fariduddin, S. Hayat, S.A. Hasan and A. Ahmad.
2011. Protective responses of 28 homobrassinolide in
cultivars of Triticum aestivum with different levels of
nickel. Arch. Environ. Cont. Toxicol., 60: 68-76.

(Received for publication 7 August 2017)


https://link.springer.com/journal/10535

