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ABSTRACT 

Brassinosteroids (BRs) and polyamines (PAs) are widely used to overcome abiotic stresses including salinity stress 
(NaCl) in plants. In the present investigation, we evaluated the co-application efficacy of 24-epibrassinolide (EBR, a 
highly active BR) and putrescine (Put, a PA) on the NaCl stress (75 mM and 150 mM) tolerance of Lycopersicon escu- 
lentum L. cv. kuber geeta plants. A small rise in protein content was recorded under salinity stress in comparison with 
untreated control. The NaCl stress was found to significantly enhance the activities of guaiacol peroxidase (GPOX) and 
superoxide dismutase (SOD); while decline in catalase (CAT) activity was recorded when compared with the untreated 
control. Salinity stress both at 75 mM and 150 mM was able to cause significant membrane damage as evidenced by an 
increase in the level of malondialdehyde (MDA) content over untreated control. The EBR and Put co-applications were 
able to improve protein content in NaCl stressed plants over only NaCl stressed plants. The co-applications of EBR and 
Put were able to significantly enhance the activities of CAT, SOD and GPOX in L. esculentum under salinity stress (75 
mM and 150 mM) when compared with NaCl stressed plants alone. Major decline in the MDA level recorded for EBR 
and Put co-applications under NaCl stress revealed reduced membrane damages when compared with NaCl stressed 
plants alone. Our findings provide evidence that EBR and Put co-applications are effective in amelioration of NaCl 
stress in L. esculentum. Thus co-application potential of EBR and Put may acts an eco-friendly approach towards NaCl 
stress mitigation in economically important crops. 
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1. Introduction 

Salinity stress is one of the major agricultural constraint 
limiting plant growth and development over the world 
[1]. Approximately 10% of the total land surface is salt 
affected and about 10 million hectare of agricultural land 
is lost annually due to salinisation and water logging [2]. 
The process of salinisation is both natural and man made, 
with former caused by elevation of capillary water level 
and subsequent evaporation of saline ground water leav- 
ing behind the salts on the soil surface. However man 
made salinisation is more prevalent in the less irrigated 
areas of the arid regions [3]. The overaccumulation of 
water soluble salts, like sodium chloride (NaCl), sodium 
carbonate (Na2CO3) and calcium chloride (CaCl2) results 
in saline soils [4]. High concentration of NaCl in saline 
soil subsequently sets up a severe competition between 
Na+ and K+ ions which in turn disturbs the common tran- 
sport system of plant roots [5]. Excess of salts mainly 

affects through ion imbalance and imposition of hypero- 
smotic stress in plant systems that ultimately leads to the 
production of reactive oxygen species (ROS) [6]. Fur- 
thermore salt stress also induces water stress through 
osmotic stress, specific ion toxicity and oxidative dam- 
ages [7,8]. The ROS such as 2 , H2O2 and OH· pro-
duced under salt stress have been shown to cause sig-
nificant damage to lipids, carbohydrates and nucleic acids, 
thereby driving cell towards senescence or programmed 
cell death [9]. Salt stress generated ROS also induce 
membrane damages by attacking the polyunsaturated 
fatty acids to produce lipid hydroperoxides, thereby in-
creasing membrane leakage and secondary damages to 
the membrane proteins, DNA and RNA [6]. Salt stress 
impede vital physiological processes of plant growth and 
development such as seed germination, seedling growth, 
seed vigor, vegetative growth, flowering and fruit set 
[10]. Disturbed ability of water uptake and reduced 
growth of plant roots has also been observed under salt  
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stress [4]. Tomato is one of the most important fleshy 
fruit with high economic value. Salt stress has been shown 
to decrease dry matter production and nitrogen uptake in 
tomato plants under salinity stress [11]. The tomato plants 
grown under salt stress have been shown to have low dry 
matter, fruit weight and relative water content [12]. An-
other report also observed significant reduction in the 
photosynthetic pigments and total soluble protein in to-
mato plants grown under salt stress [13]. 

In order to combat environmental adversities like salt 
stress, plants have developed a unique defense system 
composed of antioxidants and antioxidant enzymes [14]. 
The implication of cytokinins, ethylene and abscisic acid 
in salt stress management among plants is widely reported 
[15]. Among other plant growth regulators, brassinoster- 
oids (BRs) role in plant stress responses has been widely 
documented [16-19]. In general BRs are polyhydroxy- 
lated derivatives of cholestane with wide distribution in 
the plant kingdom. They regulate a diverse array of bio- 
logical processes such as cell division, seed germination, 
vascular differentiation, growth and reproductive organ 
development [19]. They have been reported to protect 
plants from various stresses like water stress [20], tempe- 
rature stress [21] and salt stress [22-24]. The pleiotropic 
effects of BRs have been shown to depend at least in part 
on their interactions with other plant hormones such as 
auxins, abscisic acid and ethylene which modulate various 
plant stress responses [19]. 

Polyamines (PAs) are small aliphatic nitrogenous com- 
pounds present in all the living organisms [25]. Among 
PAs, the putrescine (Put), cadaverine (Cad), spermidine 
(Spd) and spermine (Spm) are known to play significant 
roles in the regulation of cell division, embryogenesis, 
reproductive organ development, root growth and abiotic 
stresses responses [26]. Variations in PA contents have 
been associated with several types of stresses e.g. heavy 
metal stress [16-18,27], chilling stress [28], water stress 
[29] and salinity stress [30-33]. 

The individual application of BRs and PAs has been 
shown to improve salt stress tolerance of plants however 
their co-application efficacy still needs to be tested. Keep- 
ing that in mind the present investigation determined the 
exogenous co-application potential of BRs and PAs in 
salt stress management of tomato plants. We aimed to 
evaluate the co-application effects of BRs and PAs in salt 
stress tolerance of Lycopersicon esculentum. Our results 
showed that co-application of 24-epibrassinolide (EBR) 
and Put have more pronounced effects in the ameliora-
tion of salinity stress in tomato. 

2. Material and Methods 

2.1 Plant Material and Treatments 

The present investigation was carried out on L. esculentum 

L. cv. Kuber Geeta plants. Certified seeds of L. esculent- 
tum were procured from Punjab Agricultural University, 
Ludhiana, India. Seeds were surface sterilized with 0.01% 
Sodium hypochlorite. The plantlets were raised from the 
sterilized seeds in the pots. Plantlets (10 cm in height) 
were transferred after 10 days to other pots with one plantlet 
in each pot. After attaining a specified height (35 - 40 cm) 
at 35-40-d-old plants were subjected to NaCl stress with/ 
without EBR and putrescine (Put) in various combina-
tions by foliar spray method. About 20-d after applica-
tion of EBR and Put with/or without NaCl stress the 
samples were harvested to perform the analysis. The ef-
fects of EBR and Put co-applications on protein content, 
antioxidant enzyme activities and lipid peroxidation un-
der control conditions (no salinity stress) were also in-
vestigated in tomato plants. 

2.2. Treatments 

The leaves of tomato plants were subjected to the follow- 
ing treatments: 

2.2.1. Salt Treatment 
The salinity stress (NaCl) in the present investigation 
was generated by the application of NaCl at a concentra- 
tion of 75 mM and 150 mM to 40-d-old tomato plants. 

2.2.2. Brassinosteroid Treatment 
The brassinosteroid used in present study was EBR. Dif- 
ferent concentrations of EBR were prepared from the 
stock solution of 10–5 M, previously prepared from 10–3 
M EBR prepared in DMSO (Dimethyl sulphoxide). The 
concentration of 10–10 and 10–8 M EBR were prepared by 
serial dilution of the parent stock solution. 

2.2.3. Polyamine Treatment 
The polyamine used in present investigation was Putre- 
scine dihydrochloride (Put). The Put concentration (1 
mM) used in the present experiment was prepared by 
serial dilution of parent stock solution of 10 mM pre- 
pared in double distilled water. 

2.3. Preparation of Plant Extract 

Leaf tissue (0.5 g fresh weight, FW) was homogenized in 
3 ml of 0.1 M potassium phosphate buffer in a pre-chilled 
pestle and mortar, centrifuged at 15,000 g for 20 min. 
The supernatant was used for the estimation of protein 
content and antioxidant enzyme activities. 

2.4. Protein Estimation 

The protein content was estimated according to method 
of Lowry et al. [34]. 
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2.5. Guaiacol Peroxidase (GPOX, EC 1.11.1.7) 

The GPOX activity was estimated as per method of Put- 
ter [35]. In brief, reaction mixture consisted of 3 ml of 
phosphate buffer, 50 µl guaiacol solution, 100 µl enzyme 
extract and 30 µl of H2O2 solution. The rate of the forma- 
tion of oxidized guaiacol product was followed spectro- 
photometrically at 436 nm using UV/VIS absorption 
Spectrophotometer (Specord M-40, Jena, Germany). 

2.6. Catalase (CAT, EC 1.11.1.6) 

The activity of CAT was estimated according to the 
method developed by Aebi [36]. The reaction mixture 
consisted of 1.5 ml of potassium phosphate buffer (50 
mM), 1.2 ml of H2O2 (150 mM) and 30 µl of enzyme 
extract. The change in the absorbance was read at 240 nm 
using UV/VIS absorption Spectrophotometer (Specord M- 
40, Jena, Germany). 

2.7. Superoxide Dismutase (SOD, EC 1.15.1.1) 

The SOD activity was determined as per method proposed 
by Kono [37]. About 1.8 ml sodium carbonate buffer, 
750 µl nitroblue tetrazolium (NBT) and 150 µl Triton 
x-100 were taken in a cuvette. The reaction was initiated 
by the addition of 150 µl of hydroxylamine hydrochlo- 
ride, followed by incubation for 2 min and addition of 70 
µl enzyme extract. This reaction mixture was taken in a 
cuvette and inhibition in the rate of reduction of NBT 
was recorded at 540 nm using UV/VIS absorption Spec- 
trophotometer (Specord M-40, Jena, Germany). 

2.8. Lipid Peroxidation 

Lipid peroxidation was estimated according to the meth- 
od of Heath and Packer [38]. Tomato leaves (0.5 g FW) 
supplied with EBR/and or Put with/or without salinity 
stress were homogenized in 3 ml of 0.1% trichloro acetic 
acid (TCA). The samples were centrifuged at 10,000 g for 5 
min and supernatants were treated with 3 ml of thiobar-
butric acid (TBA, prepared in TCA). The solution was 
kept in water bath at 95˚C for 30 min and later cooled 
immediately to stop the reaction. The readings were ta- 
ken spectrophotometrically at 532 and 600 nm and MDA 
content was determined after subtracting the non specific 
absorbance at 600 nm from the absorbance value taken at 
532 nm. 

2.9. Statistical Analysis 

All the experiments were performed in triplicates. The 
data shown are the means of three replicate experiments 
along with standard error (n = 3). One-way analysis of 
variance (ANOVA) was carried out and data were pre- 
sented at p < 0.05. All the statistical calculations were 

performed using Sigma Stat 3.5. 

3. Results and Discussion 

3.1. Protein Content 

The present study revealed enhancing effects of salt stress 
on the protein content of the tomato leaves in comparison 
to untreated control. The NaCl stress at (75 mM) caused 
more pronounced effects than 150 mM NaCl in terms of 
protein content in comparison to untreated control (Fig- 
ure 1). The increase in protein content under salinity 
stress and its further improvement upon supplementation 
of EBR and Put in various combination with/or without 
salt stress suggests synergistic interactions among EBR 
and Put in amelioration of salinity stress and under con- 
trol conditions. The present observations can be supported 
by the findings of Arora et al. [22], that BR application 
could enhance protein content in Zea mays seedlings 
under salinity stress. The promoting effects of BRs on 
the protein content could be attributed to activation of 
transcription and translational processes of specific stress 
tolerance genes [39]. The enhanced synthesis of proteins 
in rice seedlings treated with EBR under salt stress had 
also been reported by Ozdemir [40]. The protective role 
of EBR against NaCl (0.5 M) stress on barley leaf cell 
ultra-structure and nucleus and chloroplast degradation 
were recorded by [41]. 

3.2. Antioxidative Enzymes 

The present study revealed that application of NaCl stress 
 

 

·

      

 

·

 
(a)                   (b) 

Figure 1. Effects of EBR and/or Put on protein content of 
60-d-old tomato plant leaves grown with (a) or without (b) 
salt (75 mM or 150 mM) stress. Data are presented as mean 
± SE. Different superscripted letters (a, b, and c) indicate 
significant difference from each other in all combinations 
(Tukey’s test, p < 0.05). 
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(75 and 150 mM) was able to enhance the activities of 
SOD and GPOX; but reduced activity of CAT was ob-
served when compared to untreated control (Figures 2-4). 
Similar results were observed by Alghaleh et al. [42], 
who showed that two species of Salicornia (persica and 
europea) when treated with different concentrations of 
NaCl showed increase in the activities of SOD, CAT and 
GPOX. Hernandez and Almansa [43] also observed an 
increase in the activities of SOD and glutathione reduc-
tase in Pisum sativum under salinity stress. Seedlings of 
Jatropha curcas exposed to salt stress showed an in-
creased activity of SOD [1]. Enhanced activities of SOD, 
CAT and POX in Cassia angustifolia under salt stress 
had been reported by Agarwal and Pandey [44-46].  

Application of EBR and Put at various concentrations 
to salt stressed plants considerably enhanced the activi-
ties of antioxidative enzymes as compared to only salt 
stressed plants thereby conferring NaCl stress tolerance 
in tomato plants. The findings could be supported by the 
observations that PAs could enhance the activities of 
ascobate peroxidase, CAT and SOD in cucumber under 
salt stressed and controlled conditions [47]. Improved ac- 
tivities of antioxidant enzymes such as SOD, POD, CAT, 
GR and APOX and reduced lipid peroxidation had been 
observed upon BR application to Zea mays seedlings 
under NaCl stress [22]. The co-application of EBR and 
Put to NaCl stressed plants showed enhanced activities of 
antioxidant enzymes over NaCl stressed plants alone. 
The co-application of EBR and Put to unstressed plants 
also revealed altered activities of CAT, GPOX and SOD 
enzymes when compared with untreated control. The 
present study thus revealed synergistic effects of EBR 
and Put co-application in the improvement of antioxidant 
enzymes activities under salt stress and controlled condi-
tions (Figures 2-4). 

3.3. Lipid Peroxidation 

Salt stress was observed to damage cell membrane as 
indicated by high concentration of MDA content observed 
in salt stressed plants when compared with untreated 
control. Salt stress has been shown to enhance lipid per- 
oxidation in Catharanthus roseus suspension cells [45]. 
Similarly, Koca et al. [46] observed increased lipid per- 
oxidation in sesame cultivars subjected to salinity stress. 
The EBR and Put co-application without stress also 
showed decline in MDA content when compared with 
untreated control. The combination of EBR and Put was 
observed to reduce MDA content significantly when com- 
pared to only NaCl stressed plants. Lipid peroxidation is 
used as index of oxidative damages caused by various 
environmental stresses in plants. Such that ROS species 
react with lipids and leads to formation of highly active 
peroxyl radical, which in turn starts chain propagation re-  

action of lipid peroxidation. Decline in MDA content 
brought by EBR and Put application could be associated 
with enhanced activities of CAT, GPOX and SOD en-
zymes which in turn scavenge ROS species and hereby 
reducing the negative impact of ROS on membrane 
damage (Figure 5). 
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Figure 2. Effects of EBR and/or Put on CAT activity of 
60-d-old tomato plant leaves grown with (a)/or without (b) 
salt (75 mM or 150 mM) stress. Data are presented as mean 
± SE. Different superscripted letters (a, b and c) indicate 
significant difference from each other in all combinations 
(Tukey’s test, p < 0.05). 
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Figure 3. Effects of EBR and/or Put on GPOX activity of 
60-d-old tomato plant leaves grown with (a) or without (b) 
salt (75 mM or 150 mM) stress. Data are presented as mean 
± SE. Different superscripted letters (a, b and c) indicate 
significant difference from each other in all combinations 
(Tukey’s test, p < 0.05). 
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Figure 4. Effects of EBR and/or Put on SOD activity of 60- 
d-old tomato plant leaves grown with (a) or without (b) salt 
(75 mM or 150 mM) stress. Data are presented as mean ± 
SE. Different superscripted letters (a, b and c) indicate sig-
nificant difference from each other in all combinations 
(Tukey’s test, p < 0.05). 
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Figure 5. Effects of EBR and/or Put on MDA content of 
60-d-old tomato plant leaves grown with (a) or without (b) 
salt (75 mM or 150 mM) stress. Data are presented as mean 
± SE. Different superscripted letters (a, b and c) indicate 
significant difference from each other in all combinations 
(Tukey’s test, p < 0.05). 

4. Conclusion 

The findings presented here suggest that co-application 
of EBR and Put is more beneficial in NaCl stress mitiga- 
tion in tomato plants than their individual treatments. The 
findings have huge agricultural implication with focus on 
NaCl stress amelioration using bio-friendly and cost ef- 
fective strategies. 
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