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Plant steroidal hormone 24-epibrassinolide regulate pathogen stress
tolerance in Solanum lycopersicum L. by modulating antioxidant
defense expression
Shummu Slathia
ABSTRACT
The present investigation illustrated antifungal efficacy of 24-epibrassinolide in the management of Alternaria
alternata rot inflicting tomato fruits. Application of 24-epibrassinolide completely inhibited the growth of A.
alternata in vitro as well as in vivo. There was a significant reduction in mycelial growth as well as conidial count of
A. alternata after addition of 24-epibrassinolide in PDA medium as compared to control. An increase in
malondialdehyde content was recorded after pathogen inoculation suggesting oxidative stress. A significant decrease
in malondialdehyde content was observed in tomato fruits affected with A. alternata and treated with 24epibrassinolide, with maximum decrease recorded for 10 -9 M epibrassinolide concentration both at pre as well as
post inoculation. Enhanced activities of antioxidant enzymes like superoxide dismutase, catalase, ascorbate
peroxidase and glutathione reductase were recorded in response to pathogen inoculation, activities got further
stimulated by the application of epibrassinolide when compared with pathogen-inoculated tomato fruits only.
Similarly, non enzymatic antioxidants viz., ascorbic acid, glutathione and total phenols were enhanced in tomato
fruits inoculated with A. alternata and treated with -epibrassinolide, revealing its positive role in disease resistance
as observed by a decrease in rot percentage. Results, thus, demonstrate practical efficacy of 24-epibrassinolide as a
plant-based antifungal product for post harvest application.

Keywords: Solanum lycopersicum, 24-epibrassinolide, malondialdehyde, antioxidant enzymes and nonenzymatic antioxidants.

Abbreviations –ASA, ascorbic acid; CAT, catalase; FW, fresh weight; GPOX, guaiacol peroxidase; GR,
glutathione reductase; IN, inoculated; MDA, malondialdehyde; PDA, potato dextrose agar; ROS, reactive oxygen
species;; SOD, superoxide dismutase; TBA, thiobarbituric acid; TCA, trichloroacetic acid; TPC, total phenol content

I INTRODUCTION
Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops cultivated all over the world for its
fleshy fruits (Beckles 2012). However, tomato fruits are also highly perishable and susceptible to a number of
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micro-organisms that causes post harvest decay and are nearly ubiquitous in nature (El Katatny and Emam 2012).
Harvested tomato fruits carry heavy spore loads while in the field. As a result of poor packaging and improper
arrangement, the fruits get bruised and squeezed allowing different types of rots to develop when the favourable
growth conditions are available (Sharma et al., 2009). Of the entire range of fungi that have been isolated as causal
agents of tomato fruit rot A. alternata (Fr.) Keissler is a major storage decay agent (Barkai-Golan 1973; Chary et al.,
1980; Samyal and Sumbali, 2002; Waller et al., 2002). At times 80% of the overall decay in the stored tomatoes is
caused by this particular fungus (Zilter and Ween 1984).
Generally, to restrict or prevent pathogen incursion by the fungal pathogens, host elicits a broad spectrum of innate
immunity. Upon sensing the invading pathogen, plants mount a set of general defense reactions, such as cell wall
reinforcement, accumulation of antimicrobial proteins (pathogenesis-related proteins) and production of
phytoalexins (Kombrink and Kaburaki 1995). Plants also produce diverse secondary metabolites including phenolics
with a prominent function of curbing the microbial pathogens (Sudha and Ravishankar 2002). The generation of and
protection against reactive oxygen species (ROS) are intrinsic traits of any living cell. In normal conditions, ROS
appear as inevitable by-products, formed as a result of reduction of molecular oxygen in chloroplasts and
mitochondria (Asada 2002). The low levels of ROS inside the cells are maintained by the relevant mechanisms
using compartmentalized isozymes of catalase (CAT), superoxide dismutase (SOD) and/or peroxidase (POX)
(Mehlhorn et al., 1996). Improvement in CAT and SOD activities occurs in Fusarium-infected chickpea as
compared with control (Garcia-Limones et al., 2002). Similarly, Zhu et al. (2010) also observed enhancement in the
activity of SOD, CAT, polyphenol oxidase and phenyl ammonia lyase in jujube fruits inoculated with Penicillium
expansum. An increase in total phenols in tomato roots infected with F. oxysporum also occurred (Mandal and
Chakraborty 2010).
Several researchers have engaged themselves to control post harvest diseases of fruits and vegetables. One of the
most effective measures to control the disease caused by various pathogens is the effective application of fungicides
(Omar et al., 2006). However, there are two major concerns: the increasing consumer concern over pesticide
residues on foods, the predominance of fungicide-resistant strains due to excessive use of fungicides (Naseby et al.,
2000). Moreover, some synthetic fungicides are non-biodegradable and hence can accumulate in the soil, plants and
water and consequently effects the humans through food chain (Tapwal et al., 2011). Therefore, there is a need for
new effective means of post-harvest disease control that poses less risk to human health and environment.
Brassinosteroids (BRs) have recently been recognized as a new class of phytohormones occurring ubiquitously in
the plant kingdom (Clouse and Sasse 1998). They control a broad range of processes, including seed germination,
stem elongation, cell division and expansion, xylem differentiation, plant growth and apical dominance (Sasse
2003). In addition to its critical role in growth regulation and photomorphogenesis, BRs can induce plant response to
a variety of abiotic stresses, such as high and low temperature, drought and salinity injury (Brosa 1999; Slathia et al.,
2012). The potential role of BRs in pathogen defense has also been the topic of recent studies. BR-induced disease
resistance was noted in barley, potato tubers, and cucumber plants (Khripach et al., 2000). Field application of 24-
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epibrassinolide to barley plants significantly decreased the extent of leaf disease induced by mixed fungal infection,
along with an increase in crop yield (Pshenichnaya et al., 1997). Recently Zhu et al. (2010) studied the effect of BRs
against blue mould rot caused by Penicillium expansum in jujube fruits. BRs effectively inhibited development of
blue mould and enhanced the activities of defense related enzymes such as phenyl ammonia lyase (PAL),
polyphenol oxidase (PPO), catalase (CAT) and superoxide dismutase (SOD). However, to our knowledge, little
information is available on the effects of BRs on resistance of fruits against pathogenic fungi.
The aim of the present study was to evaluate the effect of 24-EBL application to tomato fruits infected with A.
alternata and changes in antioxidant system of tomato fruits.

II MATERIAL AND METHODS
2.1 Survey of vegetable markets and isolation of A. alternata from diseased tomato fruits
The various vegetable markets were surveyed for the collection of visibly cracked and bruised tomato fruits in presterilized polythene bags. A. alternata was isolated from visibly infected fruits after incubating them at 28 ± 2°C for
three days. The purified cultures were maintained in duplicates on sterilized potato dextrose agar (PDA). The
Koch’s postulates were performed for testing the pathogenicity of A. alternata.

2.2 Antifungal efficacy of 24-epibrassinolide (24-EBL)
Brassinosteroid used in present study was 24-epibrassinolide (24-EBL). The different concentrations of
EBL were prepared from stock solution of 10-5 M, previously prepared from 10-3 M EBL prepared in
DMSO (Dimethyl sulphoxide). The concentration of 10-7, 10-9 and 10-11 M EBL were prepared by serial
dilution of the parent stock solution.
2.3 In vitro antifungal efficacy of 24-EBL
The antifungal efficacy of 24-EBL was performed against A. alternata by the poisoned food technique (Perucci et
al., 1994). Requisite amounts of 24-EBL were added separately to plates containing 0.5 ml 5% Tween 20 and 9.5 ml
molten PDA. Likewise, control sets were prepared using equal amount of distilled water replacing EO. The prepared
plates were inoculated aseptically with discs of test fungus and incubated at 28±2°C for 7 days. The percentage of
mycelial inhibition was calculated by using the formula
Percentage mycelial inhibition= dc-dt x 100
dc
Where dc is the mean mycelial growth diameter of colony of control sets
dt is the mean mycelial growth diameter of colony of treatment sets
Calculation of percent reduction in number of spores
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Reduction in the number of spores by application of EBL was done by counting the number of spores in
haemocytometer.

2.4 In vivo antifungal efficacy of 24-EBL
2.4.1 Preparation of spore suspension of A. alternata
Five-day-old cultures of A. alternata were flooded with 10 mL of sterilized distilled water. The spores were rubbed
from the surface of Petri dish and spore density was calculated by using haemocytometer to obtain a uniform
suspension of 1x105 spores mL-1.

2.4.2 Pre inoculation treatment
To analyse the efficacy of various treatments by pre inoculation treatment, healthy fruits were weighed and surface
sterilized with 1% sodium hypochlorite solution and then dried under aseptic conditions and rinsed with 70%
alcohol. Pre-weighed tomato fruits prior to inoculation were dipped in the respective solutions for 30 mins. Treated
fruits were then incubated at 25±2°C for 12hrs and thereafter inoculated with 5µl of spore suspension
(1x105spores/ml) of A. alternata. Inoculated tomato fruits were then incubated in sterilized polythene bags for 3
days 28±2°C, R.H. 90%.

2.4.3 Post inoculation treatment
To analyse the efficacy of various treatments by post inoculation treatment, healthy fruits were weighed and surface
sterilized with 1% sodium hypochlorite solution and then dried under aseptic conditions and rinsed with 70%
alcohol. Pre-weighed tomato fruits prior to treatment were inoculated with 5µl of spore suspension. Inoculated fruits
were then incubated at 25±2°C for 12hrs and thereafter treated with respective solutions. The tomato fruits were
then incubated in sterilized polythene bags for 3 days 28±2°C, R.H. 90%.

2.4.4 Calculation of percent rot development and percent rot control
After 3 days of incubation percentage rot was calculated by using the formula:
Percentage rot= (W-w) x 100
W
Where, W= Weight of the fruit before inoculation
w= Weight of the fruit after removal of rotten tissue
Similarly, percentage rot control was evaluated by using the formula:
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Percentage control= % decay in untreated fruit- % decay in treated fruit x 100
% decay in untreated fruit

2.5 Biochemical estimation of various physiological parameters
2.5.1 Lipid peroxidation
The peroxidation of lipids was estimated according to the method of Heath and Packer (1968). Briefly, tomato fruits
[0.5 g fresh weight (FW)] were homogenized in 3 mL of 0.1% trichloroacetic acid (TCA) as previously described in
Choudhary et al. (2011).

2.5.2 Protein content and antioxidant enzymes
2.5.2.1 Preparation of fruit extract
The fruit tissue (0.5 g FW) was homogenized in 3 mL of 0.1 M potassium phosphate buffer using prechilled pestle and mortar, then centrifuged at 15,000 rpm for 20 min. Supernatants obtained were used for
the estimation of protein contents and activities of the antioxidant enzymes.

2.5.2.2 Protein content
The protein content was estimated according to method of Lowry et al. (1974).

2.6.2.3 Estimation of enzymatic activities
The activities of superoxide dismutase, guaiacol peroxidase, catalase, ascorbate peroxidase and glutathione
reductase were estimated by following the methods of Kono (1978), Putter (1974), Aebi (1983), Nakano and Asada
(1981), and Nordhoff et al. (1993) respectively.

2.7 Non-enzymatic antioxidants
The estimation of glutathione, total phenols, ascorbic acid and proline contents was done by following the methods
of Sedlak and Lindsay (1968), Ragazzi and Veronese (1973) and Cakmak and Marschner (1992) and Bates et al.
(1973) respectively.

2.8 Statistical analysis
All the experiments were performed in triplicate. Data shown are the means of three replicates along with standard
error (n = 3). Student’s t-test was carried out and data were presented at p ≤ 0.05. All the statistical calculations were
performed using IBM SPSS 20.0 software.
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III RESULTS
3.1 Survey of fruit and vegetable markets for isolation of A. alternata.
The various vegetable markets were surveyed for the collection of visibly cracked and bruised tomato fruits in presterilized polythene bags. The A. alternata was isolated from visibly infected fruits after incubating them at 28 ±
2°C for three days. A total of 22 isolates were recovered from bruised tomato fruits. The purified cultures were
maintained in duplicates on sterilized potato dextrose agar (PDA). The Koch’s postulates were performed for testing
the pathogenicity of A. alternata. All the isolates were able to cause rot in healthy tomato fruits with A19 (CHA)
being the most destructive one (Fig. 1). Thus, this particular isolate was used for further experiments.

Figure-1 Tomato fruits inoculated with different isolates of Alternaria alternata

3.2 In vitro antifungal efficacy of 24-EBL
24-EBL significantly decreased mycelial growth of A. alternata at all applied concentrations with maximum
reduction of at 10-7 M. Moreover, there was also a reduction in number of conidia of tested pathogen after
application of 24-EBL (Fig. 2).

Figure-2 Effect of different concentrations (10 -7, 10-9 and 10-11 M) of 24-epibrassinolide (24-EBL) on mycelial
inhibition of Alternaria alternata (a and b) and severity of black rot caused by A. alternata (c and d) in tomato
fruits.
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3.3 In vivo antifungal efficacy
3.3.1 Effect of 24-EBL on Percent rot development and percent rot control of tomato fruits
Inoculation of A. alternata caused a significant rot development in tomato fruits as compared with CN fruits.
Treatment with 24-EBL both at PRI and POI caused a significant reduction in rot development. The results related
to percent rot development and control are given in Fig. 2. Maximum reduction was recorded at 10 -7 M followed by
10-9 M and 10-11 M as compared with IN fruits after 72 hours after inoculation (hi) in PRI. Similarly, after POI
application there was a significant reduction at all applied concentrations over IN. Moreover, rot development at 1011

M was significant from 10-7 M and 10-9 M which were insignificant from each other. Revealing a positive role of

24-EBL in reducing rot development, there was a significant rot control with maximum protection at 10 -7 M (9.58fold) followed by 10-9 M (9.42-fold) and 10-11 M (8.42-fold) as compared with inoculated control in pre inoculation
application. Similar trend of rot control was observed after POI application (Fig. 3).

3.3.2 Effect of 24-EBL on Lipid peroxidation (malondialdehyde (MDA).
Application of 24-EBL caused a significant reduction in MDA at PRI as well as POI application. Maximum
reduction of 9.24-fold was recorded at 10-9 M followed by 10-7 M (8.58-fold) and 10-11 M (8.43-fold) when compared
with fruits inoculated with A. alternata. Similarly, there was a reduction in MDA content after POI application but
trend was different with maximum reduction at 10 -9 M (9.33-fold) as compared with inoculated fruits after 72hi (Fig.
3).

3.3.3 Effect of 24-EBL on Protein content (PR)
A significant reduction in PR content was observed in IN fruits over CN. Insignificant changes were recorded at 10 -7
M both at PRI as well as POI application as compared with IN fruits after 72hi. On the other hand, PR content at
PRI as well as POI significantly increased at two concentrations. Maximum enhancement 5.82- and 6.20-fold was
recorded at 10-9 M followed by 10-11 M (2.54- and 4-fold) at PRI and POI respectively after 72hi (Fig. 3).
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Figure-3 Effect of different concentrations (10-7, 10-9 and 10-11 M) of 24-epibrassinolide (24-EBL) on percent
rot development (A), percent rot control (B), malondialdehyde (C) and protein (D) in tomato fruits with (IN)
or without (CN) inoculation of Alternaria alternata.

3.3.4 Effect of 24-EBL on various antioxidant enzymes

3.3.4.1 Superoxide dismutase (SOD)
There was an enhancement in SOD activity in inoculated tomato fruits that suggests its role in detoxification of ROS
that are produced in stressed conditions. EBL acted as enhancer of SOD activity and the maximum increase was
recorded at 10-9 M (12.37-fold) followed by 10-7 M (6.76-fold) as compared with IN tomato fruits after 72hi. The
results were similar after POI application with maximum increase at 10-9 M (10.90-fold) followed by 10-7 M (9.64fold) when compared to IN fruits after 72hi (Fig. 4).

3.3.4.2 Guaiacol peroxidase (GPOX)
Application of 24-EBL significantly enhanced GPOX activity at all applied concentrations with maximum value at
10-7 M (124.58-fold) followed by 10-11 M (96.88-fold) and 10-9 M (87.5-fold) when compared with IN fruits.
Statistically, there was a significant difference within different concentrations of EBL tested. Likewise, there was an
increase in GPOX activity after POI application with maximum enhancement at 10-7 M (87.12-fold) and minimum
increase at 10-9 M (72.5-fold) after 72hi over IN fruits (Fig. 4).

3.3.4.3 Catalase (CAT)
CAT activity in tomato fruits (CN and IN) and exposed to different concentrations of 24-EBL are given in Fig.
There was a significant enhancement in CAT activity in tomato fruits inoculated with A. alternata when compared
with CN. Application of EBL further elevated CAT activity at all applied concentrations with maximum increase at
10-7 M (7.15-fold) followed by 10-11 M (5.92-fold) and 10-9 M (5.09-fold) over IN fruits in PRI application after 72hi.
On the other hand, after POI application there was a significant enhancement in CAT activity only at 10 -7 M (8.81fold) (Fig. 4).

3.3.4.4 Ascorbate peroxidase (APOX)
Inoculation of A. alternata enhanced APOX activity over CN. In PRI, maximum enhancement was
recorded at 10-9 M (10.21-fold) followed by 10-11 M (6.03-fold) and 10-7 M (5.25-fold) after 72hi as
compared with IN fruits. After POI application significant changes were noticed only at 10-9 (8.26-fold) as
compared to IN fruits (Fig. 4).
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3.3.4.5 Glutathione reductase (GR)
No significant changes were recorded for GR activity after inoculation of A. alternata as compared to CN
fruits. Further application of EBL showed significant enhancement in GR activity after PRI as well as
POI. Maximum increase 18.86-fold was recorded at 10-9 M followed by 9.02-fold at 10-7 M as compared
IN after 72hi. There was a significant difference between different concentrations of EBL tested. Similar
trend of GR was observed after POI application (Fig. 4).

Figure-4 Effect of different concentrations (10-7, 10-9 and 10-11 M) of 24-epibrassinolide (24-EBL)
on the activities of superoxide dismutase (A), guaiacol peroxidase (B), catalase (C), ascorbate
peroxidase (D) and glutathione reductase (E) in tomato fruits with (IN) or without (CN) inoculation
of Alternaria alternata.
3.4.5 Effect of 24-EBL non-enzymatic antioxidants

3.4.5.1 Ascorbic acid (ASA)
There was a stimulatory effect of EBL on ASA content after both PRI as well as POI applications. A 10.89-fold
increase was recorded at 10-9 M followed by 4.97-fold at 10-7 M over IN fruits. Significance was also checked within
different concentrations tested. There was a significant in between all the concentrations. A similar trend in GR
activity was recorded after POI application of EBL with maximum increase recorded at 10-9 M (7.47-fold) (Fig. 5).

3.4.5.2 Total phenols (TPC)
There was a rapid accumulation of TPC content after inoculation of A. alternata as compared with CN.
Furthermore, application of EBL significantly enhanced TPC content at all applied concentrations of
EBL. Maximum rise was recorded at 10-7 M (6.04-fold) followed by 10-9 M (4.80-fold) when compared to
IN fruits after 72hi. In POI application there was a significant enhancement only at 10 -7 M (9.15-fold) as
compared with IN fruits (Fig. 5).
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3.4.5.3 Proline (PL)
Significant rise in PL content in tomato fruits inoculated with A. alternata in comparison to healthy control fruits
was observed which further significantly increased at 10 -9 M (10.89-fold) and 10-7 M (4.97-fold). After POI
application there were significant changes only at 10-9 M (7.64-fold) as compared to IN fruits (Fig. 5).

3.4.5.4 Glutathione (GSH)
GSH content in inoculated tomato fruits reduced while as application of 24-EBL significantly and
remarkably enhanced GSH content as compared to IN, with maximum increase in GSH content (33.50fold) at 10-9 M followed by 22.15-fold at 10-11 M and 12.79-fold at 10-7 M as compared to IN fruits. POI
application of EBL also enhanced GSH with highest increase for 10-9 M (25.98-fold) followed by 10-11 M
(16.15-fold) and 10-7 M (14.67-fold) (Fig. 5).

Figure-5 Effect of different concentrations (10-7, 10-9 and 10-11 M) of 24-epibrassinolide (24-EBL) on ascorbic
acid (A), total phenol (B), proline (C) and glutathione (D) in tomato fruits with (IN) or without (CN)
inoculation of Alternaria alternata.

IV DISCUSSION
Although BRs have been implicated in a broad range of stress responses in plants relatively less is known about their
role in pathogen response (Zhu et al., 2010). In our study, EBL application to fruits of tomato significantly increased
the resistance to A. alternata as evidenced by a decreased severity of Alternaria rot. This result confirmed the role of
BRs in plant response to pathogen attack. Our results were in consistent with the results of Nakashita et al. (2003)
BRs induce resistance in tobacco plants infected with tobacco mosaic virus, Pseudomonas syringaem and Oidium
sp. In rice, BRs induced resistance to Magnaporthe grisea and Xanthomonas oryzae, which cause rice blast and
bacterial blight, respectively Zhu et al. (2010) also noticed that application of BRs caused a significant attenuation in
decay in jujube fruits infected with P. expansum.
We also noticed a significant modulation in antioxidant enzymes (SOD, GPOX, CAT, APOX and GR) in tomato
fruits after application of EBL at PRI as well as POI which are the main detoxifying enzymes in plant cells (Gara et
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al., 2003). Enhancement in the activities antioxidant enzymes were suggested as a factor contributing to EBLinduced resistance (Khirpach et al., 2000). These antioxidant enzymes works synergistically to promote the
scavenging of ROS produced during abiotic and/or biotic stress (Kuzniak and Sklodowska 2001). Among the
antioxidant enzymes, SOD forms the first line of defense against ROS as it dismutates superoxide anion to hydrogen
peroxide. Thereafter, the harmful hydrogen peroxide is neutralized by CAT, POD and APX to water and oxygen
(Choudhary et al., 2012). Zhu et al. (2010) noticed an enhancement in activities of CAT and SOD enzymes in jujube
fruits infected with P. expansum. However, in the study of Ding et al. (2009) there was significant enhancement in
activities of SOD, CAT, GPOX and APOX along with MDA content in cucumber plants infected with F. oxysporum
which were greatly attenuated by the application of EBL.
Likewise, various non-enzymatic antioxidants (ASA, GSH and TPC) evaluated in tomato fruits inoculated with A.
alternata and treatment with 24-EBL, showed a rising trend. Presumably, their accumulation helped in decimating
the negative effects of oxidative stress as previously observed in the studies of Noctor and Foyer (1998). Amongst
non-enzymatic antioxidants, rapid production of phenols at infection site depicts initial activation of defense
mechanism in plants thereby restricting or slowing down pathogen growth (Matern and Kneusal 1988) In addition,
phenols also restrict the growth of invading pathogen by binding with hydrolytic enzymes released by fungal
pathogens during cell division (Schlosser, 1994; Dai et al., 1995). Protective activities of BRs against plant diseases
have been indicated based on evaluations from field trials and greenhouse experiments, but its mechanism at the
molecular level remains to be clarified (Ding et al., 2009).
In conclusion, application of 24-EBL at all applied concentrations reduced post harvest decay of tomato fruits
caused by A. alternata. The mechanism by which 24-EBL induced resistance in tomato fruits might be due to the
innate antioxidant system which was elevated after application of 24-EBL. Moreover, the present study is of
importance not only for basic understanding of the role of the hormone, this conventional approach of using BRs to
manage various post harvest losses without any adverse effects on the consumer’s health can be extended to other
post-harvest rots of fruits and vegetables.
Perusal of literature did not reveal any such information on use 24-EBL to control A. alternata rot of tomato fruits.
Thus, this report constitutes first report of use of 24-EBL to control pathogen stress in tomato fruits.
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