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ABSTRACT 
In the present investigation, effect of 28-Homobrassinolide (HBl) on non-enzymatic antioxidants 
of host plant during nematode infection have been evaluated. Surface sterilized seeds of tomato 
cvs. Pusa Ruby (susceptible) and PNR-7 (resistant) were pre-treated with different 
concentrations of HBl. Sterilized seeds were then germinated in petri-plates, lined with 
Whatman sheet no-1 and kept in B.O.D. incubator at 24±2ºC. After germination, the seedlings 
were inoculated with second stage juveniles (J2) of plant-parasitic nematode, Meloidogyne 
incognita (@5J2/ seedling). The total content of non-enzymatic antioxidants (phenols, 
flavonoids, ascorbic acid and glutathione) were estimated five days after inoculation (5DAI) in 
roots and shoots of both the cultivars. Results obtained showed a decrease in total content of 
non-enzymatic antioxidants with nematode inoculation in susceptible cultivar but an increase in 
resistant cultivar, but with HBl treatment overall significant increase has been observed. 
Moreover, when the total antioxidant content of two varieties were compared, overall higher 
values were found in the resistant cultivar than in the susceptible cultivar. Thus, the investigation 
suggested a positive role of HBl in activating the immune system of host plant during oxidative 
stress generated by nematodes. 
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INTRODUCTION 

Plants being devoid of motility have developed 
alternate and elaborate defence strategies that 
involve a large variety of secondary 
metabolites. These secondary metabolites are 
low molecular weight compounds which serve 
as a tool to overcome stress constraints thereby 
helping plants to adapt in the changing 
environment and survive. Plant endoparasitic 
nematodes especially root-knot nematodes 
spend a major part of their life cycle in the 
roots of host plant and hence are exposed to a 
variety of host defence responses.1 In order to 
establish an intimate interaction they induce 
complex feeding structures within their hosts 
that act as a nutrient sink. The direct effect of 
these interactions results in the enhanced 
accumulation of Reactive Oxygen Species 
(ROS)   in   plants  that  causes  damage  to  all  

cellular components.2 Thus to deal with the 
potential dangers of ROS, a number of 
antioxidant defences such as phytohormone 
release and activation of genes helps the plants 
to maintain low steady-state levels of ROS.  
The effect of classical plant hormones : 
Salicylic Acid (SA), Jasmonic Acid (JA) and 
Ethylene (ET) in plant innate immune system 
is well acknowledged.3,4 Besides, other 
emerging plant hormones include Brassi-
nosteroids (BRs), Abscisic acid (ABA), 
Gibberellins (GA), Cytokinin and Auxins. 
These hormones also render their role during 
disease and their interaction with the classical 
hormone signalling system.4 Among these, 
BRs have also been found to have their role in 
plant growth and development. Much evidence 
is also available reporting that BRs exert anti-
stress effects on plants such as those caused by 
heat,   cold,   drought  and salt.5-8 The potential  *Author for correspondence 
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role of BRs in pathogen defence has also been 
studied.9-11 But, only few studies have been 
documented reporting suppression of pathogen 
induced antioxidants in host plant treated with 
BRs.12  

AIMS AND OBJECTIVES 
To evaluate the effect of 28-Homobrassinolide 
on antioxidant contents in tomato cultivars 
susceptible and resistant to a plant-parasitic 
nematode, Meloidogyne incognita. 

MATERIAL AND METHODS 
Seeds of tomato cultivars (Lycopersicon 
esculentum Mill.) i.e. Pusa Ruby (susceptible 
with root-knot nematode) and the 
corresponding PNR-7 (resistant) were surface 
sterilised with sodium hypochlorite (1% v/v) 
followed by repeated rinses in double-distilled 
water. Sterilized seeds were treated with 
different concentrations: 10-11, 10-9 and 10-7 M 
of HBl (a potential brassinosteroid) and grown 
at 24±2ºC under 14 hr light regime and 65 to 
75% relative humidity in B.O.D incubator. 
Each treatment was triplicated with thirty 
seeds/ replicate. Seven-day-old tomato 
seedlings were then inoculated with 5J2 of M. 
incognita per seedling. The estimations were 
carried out five days post-nematode 
inoculation, since, by this time the nematode 
had established its active feeding site. 
Different treatments include: C: Control; T0: 5 
J2/seedling; T1: 5 J2/seedling+10-11M HBl; T2: 
5 J2/seedling+10-9M HBl and T3: 5 
J2/seedling+10-7M HBl. 
Roots and shoots of tomato cultivars were 
separated and weighed. Each was crushed in 
pre-chilled pestle and mortar using ice-cold 
80% methanol (5ml/100 mg). The extract was 
collected in 1.5 ml eppendorfs and centrifuged 
at 10,000 rpm for 20 min at 4°C. The 
supernatant was used for estimations while the 
pellet was discarded. Total Phenolic Content 
(TPC) was estimated with slight 
modifications.13 While Total Flavonoid 
Content (TFC) was determined using AlCl3 
method.14 For Ascorbic Acid Content (AsC), 
roots and shoots were weighed and crushed 
separately using chilled 2% meta-phosphoric 
acid in chilled pestle-mortar and centrifuged at 
low speed (2500 rpm) for 15 minutes at 4°C. 
The residues were discarded and the 

supernatants were used for estimations.15 
Estimation for total Glutathione Content 
(GSH) was carried out by homogenising fresh 
plant tissue (both root and shoot) in pestle and 
mortar under ice-cold conditions in 0.02 M 
disodium salt of ethylenediaminetetracetic 
acid. The homogenate was centrifuged at 3000 
g for 15 min at 4°C. The pellet was discarded 
and supernatants were kept ice-cold until 
used.16 
All statistical comparisons were performed 
using assistat (7.6) beta software (Federal 
University of Campina-Grande City, Campina 
Grande, Brazil). For each assay, collected data 
were analysed using one-way analysis of 
variance (ANOVA). Comparisons between 
means of treatment were compared by Tukey’s 
multiple range test (p≤0.05).  

RESULTS AND DISCUSSION 
Results obtained from the present study 
revealed a positive effect of HBl application on 
the non-enzymatic antioxidants of tomato 
cultivars and a detrimental effect was observed 
on nematode development.  
Antioxidant content in roots 
In case of susceptible cultivar (Pusa Ruby), a 
slight increase was observed in TPC after 
nematode inoculation which further increased 
in brassinosteroid treated seedlings. On the 
other hand, highly significant increase was 
observed (p≥0.01) in comparison to control in 
TPC in the resistant cultivar (PNR-7) both 
post nematode inoculation and further with 
steroid treatment. In comparison to control in 
susceptible plants, TFC got enhanced in 
nematode inoculated plants (T0) but got 
suppressed in T1. However, as the 
concentration of HBl increased, TFC content 
also enhanced significantly. Similar trend was 
also observed in TFC during incompatible 
interaction. Data recorded for AsC in 
susceptible cultivar revealed a non-significant 
increase in T0 as compared to control (C). 
However, with steroid employment a further 
enhancement was observed being highest in 
T2. In resistant cultivar, similar progression 
was observed after nematode inoculation and 
further with HBl application. Observations 
recorded for GSH content in Pusa Ruby 
demonstrated  the  suppression  of  GSH  post  
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nematode inoculation when compared to control 
plants. However, pre-sowing treatment of HBl 
significantly enhanced the GSH content 
(p≥0.01). Alternately in PNR-7, nematode 
inoculation (T0) and different concentrations of 

HBl increased GSH content though non-
significantly. In addition, when the antioxidant 
content of two cultivars was compared, overall 
higher antioxidant content was found in the 
insusceptible cultivar (Fig. 1(a) to Fig. 1(d)).  

 

    
  (a)                                                                                (b) 

       
(c)                                                                             (d) 

(The averages followed by same letter do not differ statistically between themselves according to Tukey’s Test at a 
level of 5% of probability; C: Control; T0: 5J2/seedling; T1: 5J2/seedling+10-11M HBl; T2: 5J2/seedling+10-9M HBl and 
T3: 5J2/seedling+10-7M HBl) 

Fig. 1 : Effect of 28-Homobrassinolide on antioxidant content in roots of tomato cultivars 5 days 
after nematode inoculation 

Antioxidant content in shoots 
In susceptible cultivar, TPC showed enhanced 
levels after nematode inoculation and further 
with brassinosteroid application significantly. 
Similarly in resistant cultivar, TPC increased 
post nematode inoculation as well as after 
HBl treatment. For TFC in susceptible plants, 
highly significant variations (p≥0.01) were 

found both after nematode inoculation and 
steroid application. However in the resistant 
cultivar, increase in TFC was observed post 
nematode inoculation. But as the HBl 
concentrations increased, much variation was 
not seen. Alternately in susceptible plants, 
assay for AsC showed decrease in its content 
which regained significantly (p≥0.05) with 
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brassinosteroid treatment. Besides, in the 
resistant plants significantly enhanced 
(p≥0.01) AsC was recorded both after 
nematode inoculation and brassinosteroid 
treatment. Additionally, data obtained for 
GSH content showed that in both the cultivars 
GSH content was lowered with nematode 

penetration (T0). However, when HBl was 
applied, GSH level was found to increase 
linearly with increase in concentration. In 
addition to this, overall higher contents of 
antioxidants were seen in resistant plants 
when compared to susceptible ones (Fig. 2(a) 
to Fig. 2(d)).  

 

   
   (a)                                                                    (b) 

   
  (c)                                                                   (d) 

(The averages followed by same letter do not differ statistically between themselves according to Tukey’s Test at a 
level of 5% of probability; C: Control; T0: 5J2/seedling; T1: 5J2/seedling+10-11M HBl; T2: 5J2/seedling+10-9M HBl and 
T3: 5J2/seedling+10-7M HBl) 

Fig. 2 : Effect of 28-Homobrassinolide on antioxidant content in shoots of tomato cultivars 5 
days after nematode inoculation 

The results obtained from the current 
investigations are in agreement (unanimity) 
with the earlier studies conducted. In the study, 
application of humic acid on M. incognita 
inoculated susceptible and resistant grape 
rootstocks, significantly increased the levels of 
antioxidant compounds (glutathione, ascorbic 

acid and total phenol) when compared with the 
controlled rootstocks.17 In other experiment, 
effects of β-amino-butyric acid (a non-protein 
amino acid; BABA) on M. javanica infection 
on cucumber and accumulation of total 
phenolic compounds were investigated.18 It 
was observed that inoculation of cucumber 
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plants by BABA significantly increased        
the  total  phenols in comparison to control and  
maximum level of it was observed 7 days after 
nematode inoculation. Thus, suggesting 
inhibitory effect of BABA on the root-knot 
nematode and relating to its ability to enhance 
defence responses in the cucumber roots. 
Similar results regarding enhanced levels of 
total phenolics, flavonoids have also been 
reported19 where elevated CO2 influenced 
nematode (M. incognita) induced defence 
response of tomato genotypes [wild-type (Wt), 
jasmonate deficient spr2 mutants (spr2) and 
35S::Prosystemin transgenic tomato plants 
(35S)] differing in the JA pathway were used.  
Investigations have also been carried to evaluate 
the metabolic responses of plants susceptible or 
resistant to M. incognita during first 96 hrs after 
inoculation20. Seeds of common beans 
(Phaseolus vulgaris cv. Ouro Negro), tomato (S. 
lycopersicum cv. Nemadoro) and soybean 
(Glycine max cv. Conquista) resistant and 
susceptible (cvs Carioca, Santa Clara and Doko, 
respectively) to M. incognita were used. Results 
revealed that soybean cultivars resistant to 
nematode produced more soluble phenols (107% 
higher than susceptible plants 48 hrs past 
inoculation). In tomato also, resistance to M. 
incognita was correlated with the production of 
soluble phenols with higher concentrations in the 
resistant cultivar. Recently, observations 
pertaining to effects of brassinosteroid analogues 
on total antioxidant activity and phenols in field 
grown endive (Cichorium endivia L.) were 
conducted.21 In the study, all treatments with DI-
100 and DI-31 (brassinosteroid analogues; 4, 8, 
12ppm) sprayed by dissolving in Tomex Amin (a 
commercial fertilizer) resulted in significant 
increase in total antioxidant activity and total 
phenols in the endives.22-27 

CONCLUSION 
Plant pathogen interactions mainly results in 
the formation of ROS and are known as the 
most damaging stress factors in plants. Hence, 
the plants are equipped with multitude defence 
responses which aid the plants to minimize the 
noxious effects of ROS. In the present study 
also, it is observed that the enhanced levels of 
antioxidants after brassinosteroid treatment is 
protecting the plants from the adverse effects 

of ROS during nematode pathogenesis. Thus, 
suggesting   a   pivotal  role  played  by  HBl in  
ameliorating the oxidative stress generated in 
plants during biotic stress. 
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