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The experiment was aimed to study the effects of various Zn formulations towards induced host plant resistance to WBPH in rice. 

Eight zinc treatments comprising basal 
and foliar applications(at 30 and 45 DAT) of Zn SO  and 4

Zn-EDTA  and their combinations were tested for 
induced host plant resistance to WBPH (a dreadful 
sucking insect) in  a most sensitive rice variety TN 1.  In 
addition, a treatment without any Zn application served 
as control. The pot grown plants were kept in the Mylar 
cages with top end covered by fine mesh muslin cloth 
and as such maintained till maturity. One adult gravid 
female insect was released into each cage (at 46DAT) 
and the insect population build-up was recorded after 
one month. Soluble protein profiling of leaf samples (at 
60DAT) of each treatment was done by SDS-PAGE and 
data were analyzed for clustering pattern.     

Altogether, 19 polypeptide bands (14.3-
97.4kDa) were revealed. The low molecular weight 
proteins (14.3-25.1 kDa) were clearly absent in the control.  T (Zn EDTA at basal and foliar) recorded least WBPH build–up and elicited highest number 6

(15) of polypeptide bands including five new bands at 66.0, 37.0, 23.6, 15.8 and 14.3 kDa. Further, 66.0kDa, 37.0 kDa and 14.3 kDa polypeptide bands 
were commonly shared by T , T (ZnSO  basal+ EDTA foliar) and T (Zn EDTA basal + ZnSO ) that recorded lower WBPH population and grouped together 6 7 4 8 4

as compared to rest of the treatments and control. However, 23.6 kDa polypeptide band induced only in T  and T  seems to have greater role in 6 7

manifestation of induced defence mechanism against WBPH in rice.       

The differentially expressed proteins (as compared to control) revealed in response to Zn application may be considered as biochemical 
basis of induced resistance for the pest in rice.       
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Design the Zn treatments for induced resistance to WBPH in rice cv. TN 1

Raising plants in pots covered with Mylar Cage

Zn application (basal, foliar and their combinations) in form of ZnSO & Zn-EDTA4 

Release of one adult gravid female insect/Mylar cage at 46 DAT

Assessment of 
WBPH population 
build-up at 76 DAT

                           Biochemical study
1.   Collection leaf samples at 60 DAT
2.   Extraction of soluble protein
3.   Quantification of soluble protein
4.   Soluble protein profiling using SDS-PAGE
5.   Identification of differentially expressed protein bands
6.   Interpretation for host plant resistance to WBPH
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defense related protein in response to basal or foliar application of 
zinc in rice could be a biochemical basis of induced resistance to 
insects. Therefore, an experiment was designed to study the 
extent of induced resistance to WBPH in rice by application of zinc 
and to explore the role of Zn-induced defense related protein for 
induced host plant resistance mechanism.

Materials and Methods

Zinc treatments: Twenty days old seedlings of a WBPH 
susceptible rice variety TN 1 were transplanted on 10 kg capacity 
earthen pots filled with puddled soil. Various Zn treatments taken 

-1were, T : ZnSO  basal (25 kg ha ), T : Zn EDTA basal (40 kg ha ), 1 4 2

T : ZnSO  Foliar spray (0.5 %) (30 & 45 days after transplanting 3 4

(DAT)), T : Zn EDTA foliar spray (0.8%) (30 & 45 DAT), T :  T  + T , 4 5 1 3

T :  T  + T , T :  T  + T , T : T  + T  and T  along with a treatment 6 2 4 7 1 4 8 2 3 9

without any Zn application to serve as control. After application of 
recommended fertilizer dose and basal Zn treatment in 
respective pots, they were covered by the Mylar cages of 45 cm 
height with top end covered by fine mesh muslin cloth. The plants 
were maintained as such under cage till maturity. At 30 and 45 
DAT; foliar applications of Zn were imposed on the plants. All the 
experiments were done in green house of the Department of 
Entomology, College of Agriculture, Odisha University of 
Agriculture and Technology (OUAT), Bhubaneswar.  

Assessment of WBPH population: At 46 DAT, 3-4 days old, one 
adult gravid female insect was released into each cage. After one 
month of release, the population of WBPH was counted, 
replication-wise as per Heinrichs et al. (1985). 

Soluble protein extraction and quantification: As the WBPH 
population build-up attained highest at 60DAT in the control 
(without Zn application in cv. TN 1); leaf samples from different 
treated caged plants were collected at this stage for quantitative 
and qualitative analysis of protein and also to explore the 
presence of any new defence protein responsible for inducing 
host plant resistance. For the purpose, soluble protein was 
extracted from leaves using Tris extraction buffer (20mM Tris-
HCl, pH 7.5; 50mM MgCl , 2% PVP, 1mM PMSF) followed by 2

precipitation with 50% TCA + 1% β-ME; and solubilisation in 
sample buffer (9M Urea, 4% CHAPS, 1% DTT and 1mM PMSF, 
2% Bio-Lyte) @ 1mg dried protein powder/0.1ml buffer at 4oC 
overnight. The total soluble protein of each sample was quantified 
by the method suggested by Lowry et al. (1951). 

Soluble protein profiling and gel documentation: Total soluble 
protein profiling was carried out by Sodium Dodecyl Sulphate-
Poly Acrylamide Gel Electrophoresis (SDS-PAGE) according to 
Lagrimini and Rothstein (1987). Reproducibility was confirmed by 
minimum of two repeats of each run of SDS-PAGE under similar 
electrophoretic conditions. After electrophoresis, gels were 
stained with 0.125% w/v coomassie brilliant Blue R 250, 50%v/v 
methanol, and 10% v/v glacial acetic acid for four hours with 
intermittent shaking followed by destaining overnight in 50% 
methanol and 10% glacial acetic acid; and finally, several 

-1

Introduction

Rice (Oryza sativa L.) is grown extensively in different 
parts of the world and one of the most important staple food crops 
of India and Odisha as well. Pests pose threats to rice production. 
Now-a-days, the situation is aggravated by climate change 
(Cabot et al., 2019) and indiscrimilate use of pesticides leading to 
pest resurgence and drastic toxicidal effect on beneficial 
bioagents (Satpathy et al., 2020). Micronutrient roles in plant 
defense are predominantly documented for Mn, Cu, Fe, and Zn 
(Fones and Preston, 2012). Zinc serves as cofactor for more than 
300 enzymes (Marreiro et al., 2017) and it is known to trigger plant 
growth and immunity system against biotic and abiotic stresses 
(Gupta et al., 2012) although a general model for Zn-related 
defense mechanism is not clear. Zn seems to have antagonistic 
role on insects by inhibiting α-amylase, which is an important 
digestive enzyme required for their survival and growth (Kaur et 
al., 2014). The Zn proteome is an important group of 
metalloprotein and it  represents about 9% of the entire proteome 
in eukaryotes and 5-6% in prokaryotes (Andreini et al., 2009). 
Insect infestation is reported to be related to the up-regulation of 
two zinc finger transcription factors in potato (Lawrence et al., 
2014). Similarly, Chang et al. (2012) reported increased Zn-SOD 
(super oxide dismutase) activity due to insect infestation and it is 
negatively correlated with foliar damage (Khederi et al., 2018). 

More than 100 species of insects have been reported to 
attack the rice crop (Krishanaiah et al., 2008). Among these white 
backed plant hopper (WBPH, Sogatella furcifera) is a major 
sucking pest of rice that causes nearly 35-95% yield loss under 
favourable condition (Sidhu, 1979; Sogawa et al., 2009). Hopper 
burn due to intensive sucking by WBPH together with its high 
fecundity and long-distance migration ability pose serious threat 
to rice cultivation (Zhai et al., 2013). Unfortunately, no truly 
resistant variety has been so far developed against this insect. 
However, application of various micronutrients can be an alternate 
non-conventional and eco-friendly sustainable plant protection 
approach to manage this pest through induction of host plant 
resistance. Zinc is one such micronutrient which can induce 
defence mechanism in rice against the sucking pest (Rath, 2004).

Out of four micronutrients (iron, zinc, copper and 
manganese), zinc is reported to be the most effective to induce 
antibiosis effect against BPH, WBPH and GLH (Rath, 2006) 
leading to reduced nymphal survival, growth index and population 
build up. Besides, the BPH incidence is reported to be inversely 
related with zinc (r = -0.2690) and sulphur (r = - 0.2689) content of 
rice foliage (Dash et al., 2007) following application of ZnSO  4

along with NPK fertilizers. Increase in expression of defense 
related protein after infestation (Edwards and Wratten, 1983) and 
induction of a specific protein (53 kDa) due to leaf folder 
infestation in resistant and moderately resistant rice varieties 
have been reported by Das et al. (1999). Besides, Punithavalli et 
al. (2013) reported increased expression of a 38 kDa protein due 
to leaf folder infestation, which served as a key for identification of 
leaf folder tolerant or resistant genotypes. Besides, elicitation of 
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constant time interval.  In the present study, population build up of 
WBPH was found to be highest in the control treatment (79.2 per 
hill) which was significantly very high than all other zinc 
treatments. The lowest population of WBPH (31.40) was 
visualized in T  which was statistically different from all other 6

treatments. Even the treatment T  revealed nearly 60 % less 6

population when compared with control. Closely following T6, the 
treatment T  and T  supported 38.20 and 41.60 insects 7 8

respectively as compared to the control. There was variation 
between T  and T but T  did not differ from T and T  treatments. 1 2  2 3 4

Earlier workers (Rath, 2004; Dash and Mishra, 2009) have also 
witnessed low population build-up of WBPH in rice being 
subjected to zinc application. In this context, increased silica and 
zinc content in plants is reported to offer induced resistance to 
stem borer in paddy (Chandramani et al., 2010; Dash et al., 2011, 
Madhuri et al., 2017).

Total soluble protein content of leaves of rice cv. TN 1 was 
-1estimated to be 8.76 mg g  in the untreated control, but it was 

increased in all zinc treatments except T  which was at par with 1

control. Further, it is worth to note that protein content (Table 1) 
-1was highest in T  (10.51 mg g ) and it was at par with T  (10.43 mg 6 8

-1 -1g ) and T  (9.93 mg g ). Interestingly, these treatments revealed 7

less pest population build-up of WBPH. Similarly, Hori and Atalay 
(1980) observed increase in soluble protein content up to the 3rd 
day after infestation by Lygus disponsi bug in cabbage. The initial 
increase in protein content may be due to over expression of 
defense related proteins. However, exact role of Zn application in 
variation of soluble protein content is not clear in this study. In 
contrast, Raghumoorthy and Gunathilagaraj (1988) reported 
decrease in total seed proteins in the resistant rice varieties CO1, 
CO24 and CO32 to angoumois grain moth. 

Similar results have also been reported on corn leaves of 
resistant and susceptible varieties by Beck et al. (1983). A slight 
decrease in the total protein content was invariably revealed in 

washings with 5% methanol and 7% glacial acetic acid. 
Thereafter, the gels were placed on Gel Documentation System 
(Fire Reader-Uvtec, Cambridge, UK) for assessment of banding 
pattern and photographed. The presence and absence of 
polypeptide bands were scored as 1 and 0 respectively to 
determine variation among various zinc treatments. The relative 
mobility of each polypeptide band was calculated using software 
of the Gel doc system. The molecular weights of the dissociated 
polypeptides were determined by using molecular weight marker of 
protein standards which consisted six standard proteins of known 
molecular weight i.e. lysozyme (14.3kDa), soybean trypsin 
inhibitor(20.1 kDa), carbonic anhydrase (29kDa), ovalbumin 
(43kDa), bovine serum albumin (66kDa) and phosphorylase-b 
(97.4kDa). Differentially expressed unique polypeptide bands 
were noted to find relationship with WBPH tolerance.

Statistical analysis: The data sets for total soluble protein(mg/g) 
and WBPH population build-up per plant were subjected to 
Duncan’s multiple range test (Duncan,1955). Means 
superscripted by same letter were considered not significantly 

different at P ≤ 0.05. The binary data set (1/0 score) of soluble 
protein profile was subjected to estimation of Jaccard’s similarity 
co- efficient values and construction of dendrogram (clustering 
pattern) using the procedures of Jaccard (1908), and Sokal and 
Michener (1958) respectively.

Results and Discussion

Preference/non-preference of a variety by the insect is 
greatly assessed by the population load of the insect on the 
variety within a stipulated time. Higher degree of suitability of the 
plant variety by insect(s) results typical susceptibility (more insect 
population) reaction while, in-build resistance mechanism(s) in 
the host plant leads to unsuitability by same insect. A perusal of 
data depicted in Table 1 revealed that the population build-up of 
WBPH on rice plants subjected to various application of Zn 
treatments varied significantly among the treatments after a 

Table 1: Impact of zinc application on total soluble protein content and population build-up of white backed plant hopper (WBPH) in rice

Total soluble Population
-1protein (mg g ) Build-up/plant*

c bT : ZnSO  basal (25 kg ha ) 8.89 53.601

-1 bc bcT : Zn EDTA basal (40 kg ha ) 9.15 51.202

bc bcT : ZnSO4 foliar spray  @ 0.5% twice at 30 and 45 DAT 9.31 49.803

abc cdT : Zn EDTA Foliar spray @ 0.8%  twice at 30 and 45 DAT 9.62 49.004

-1 abc deT : ZnSO4 basal (25 kg ha ) + ZnSO  foliar spray @ 0.5% twice at 30 and 45 DAT 9.67 45.205 4

-1 a gT : Zn EDTA basal (40 kg ha )+ Zn EDTA Foliar spray@ 0.8% twice at 30 and 45 DAT 10.51 31.406

-1 ab fT : ZnSO4 basal(25 kg ha )+  Zn EDTA Foliar spray @ 0.8% twice at 30 and  45 DAT 9.93 38.207

-1 a efT : Zn EDTA basal (40 kg ha ) + ZnSO  foliar spray @ 0.5% twice at 30 and 45 DAT 10.43 41.608 4

c aT : Control 8.76 79.209

SE ± 0.327 1.406(m)

C.D.(0.05) 0.97 4.03

*Mean of five replications. Means followed by same letter are not significantly different from each other

-1

4

Treatments
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the leaf folder infested resistant and moderately resistant 
genotypes (Ptb 33, TKM6, LFR831311, ASD16, O. minuta and O. 
rhizomatis) of rice as compared to control healthy plants 
(Punithavalli et al., 2013). Thus, the present finding indicated that 
a sub-set of protein content indirectly influence insect resistance 
in rice plants. Plants respond to insect attack through a variety of 

defense mechanisms which may be either morphological 
adaptation (trichomes, pubesence, waxy cuticle), or elicitation of 
biochemical and molecular mode of defense systems (Belete, 
2018). Induction of defense enzymes, bio-chemicals and 
resistant proteins by insect feeding has been reported in many 
insect-plant interactions (Radja Commare et al., 2002). Host plant 

Table 2: SDS-PAGE polypeptide banding pattern of total soluble protein samples extracted from rice leaves after application of zinc

Poly-peptide Mol. Wt. T  ZnSO T  Zn 1 4 2

band (kDa) basal basal spray (0.5%) spray (0.8%) (T +T ) (T +T ) (T +T ) (T +T ) (Control) bands1 3 2 4 1 4 2 3
-1 -1(25 kg ha ) (40 kg ha ) (30 and 45 DAT) (30 and 45 DAT)

B1 97.4 1 1 1 1 1 1 1 1 1 9
B2 90.0 1 1 1 1 1 1 1 1 1 9
B3 85.5 0 1 1 1 1 1 1 1 1 8
B4 78.0 1 1 1 1 1 1 1 1 1 9
B5 72.2 1 1 1 1 1 1 0 1 1 8
B6 66.0 1 0 0 0 0 1 1 1 0 4
B7 56.8 0 1 1 1 1 1 1 1 1 8
B8 40.2 1 1 1 1 1 1 1 1 1 9
B9 37.0 1 0 0 0 0 1 1 1 0 4
B10 35.0 0 1 1 1 1 1 1 1 1 8
B11 33.0 1 0 0 0 0 0 0 0 0 1
B12 29.0 0 1 1 1 1 1 1 1 1 8
B13 27.3 1 1 1 1 1 1 1 1 1 9
B14 25.1 1 0 0 0 0 0 0 0 0 1
B15 23.6 0 0 0 0 0 1 1 0 0 2
B16 22.0 0 1 1 1 1 0 1 0 0 5
B17 20.1 0 1 1 0 0 0 0 0 0 2
B18 15.8 0 0 0 1 1 1 0 1 0 4
B19 14.3 0 1 1 1 1 1 1 1 0 7
Total bands 10 13 13 13 13 15 14 14 10 115

WBPH population 53.60 51.20 49.80 49.00 45.20 31.40 38.20 41.60 79.20
build- up

N.B.: Presence or absence of polypeptide bands marked by 1 and 0 respectively

EDTA T  ZnSO foliar T  Zn EDTA foliar T T T T T Total3 4 4 5 6 7 8 9  

Table 3: Similarity coefficient between zinc treatments for induced resistance to white backed plant hopper (WBPH) in rice

T  ZnSO T  Zn EDTA T  ZnSO  foliar T  Zn EDTA T  T  + T T  T  + T T1 4 2 3 4 4 5 1 3 6 2 4 7 1 + 4 8 2 + 3 9

Treatments basal basal spray (0.5%) foliar spray Control
-1 -1(25 kg ha ) (40 kg ha ) (30 and 45 (0.8%) (30

DAT) and 45 DAT)

T  : Zn EDTA basal2

-1(40 kg ha )
T  : ZnSO  foliar  spray 0.35 1.003 4

(0.5%) (30 and 45 DAT)
T  : Zn EDTA foliar spray 0.35 0.86 0.864

(0.8%) (30 and 45 DAT)
T  : T  + T 0.35 0.86 0.86 1.005 1 3

T  : T  + T 0.47 0.65 0.65 0.75 0.756 2 4

T  : T  + T 0.41 0.69 0.69 0.69 0.69 0.817 1 4

T  : T  + T 0.50 0.69 0.69 0.80 0.80 0.93 0.758 2 3

T  : Control 0.43 0.77 0.77 0.77 0.77 0.67 0.60 0.719

T T T T T T

0.35
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(40.2kDa) and B13 (27.3kDa) in the zymogram are monomorphic 
over all the treatments and control indicating their expression 
independent of the zinc application (Table 2 and Fig. 1). It was 
observed that polypeptide bands of 29.0 kDa, 35.0 kDa, 56.8 kDa 
and 85.5 kDa were absent in basal application of ZnSO , but 4

induced in all treatments and even in control. In contrast, 33.0 kDa 
and 25.1 kDa polypeptides were induced by basal application of 
ZnSO , but down regulated in all treatments including control. 4

Zinc uptake in case of basal application is determined by 
presence of Zn-transporter genes in root cells followed by 
transport to stem and foliage, while foliar application can bypass 
such genetic system and avail zinc directly to the enzymes 
required for plant growth and metabolism (Zhao et al., 2014). 
Basal application of Zn EDTA and also foliar application of ZnSO  4

alone produced a polypeptide band of 20.1 kDa. 

Two polypeptide bands viz., 37.0 kDa and 66 kDa were 
induced in ZnSO  basal, but not expressed in control as well as in 4

response to its foliar spray alone or its additional application as 
foliar spray. Even these two polypeptide bands were also not 
expressed in Zn-EDTA basal or foliar spray alone, but induced by 
combination of basal + foliar spray of Zn-EDTA as well as  
combination of basal ZnSO  + foliar Zn EDTA or vice versa. The 4

low molecular weight proteins ranging from 14.3-25.1 kDa were 
clearly absent in the control, but zinc application in form of above 
sources as basal or foliar treatment elicited biosynthesis of new 
polypeptide bands. For instance, a polypeptide band (14.3 kDa) 
was noticed in all the zinc treatments except ZnSO  basal. 4

Besides, foliar spray of Zn-EDTA in combination with basal 
application of either ZnSO  or Zn-EDTA induced new polypeptide 4

band at 23.6 kDa. In the present investigation, elucidation of the 
induced polypeptide bands revealed in response to various 
treatments of zinc-application may throw light for better 
understanding about the biochemical basis of induced host plant 

resistance can be developed by appropriate breeding strategies. 
Besides, adequate level of resistance can be engineered 
genetically to build up endogenous defense biomolecules within 
the host plants to confer resistance to insects (Gatehouse, 2013). 
Many often, in absence of above inherent insect resistance 
mechanisms; induced resistance can be elicited in the host plants 
by use of chemical elicitors of secondary metabolites, potassic 
fertilizers or even chemical compounds containing silicon, zinc 
and ferrous. Zinc is needed for plant growth and resistance to 
biotic and abiotic stresses. Besides, zinc seems to be a major 
player in defense related response in plants (Gupta et al., 2012). 
Sufficient accumulation of zinc (either through uptake from soil or 
by foliar spray) followed by its cellular sequestration make the 
plants climatically more smart (abiotic stress tolerant), but the 
underlying mechanism is not explicitly delineated. It 
activates/stabilizes the activity of a number of metalloenzymes 
(Fones and Preston, 2012). Zn-SOD (super oxide dismutase) 
activity is commonly increased in herbivore/pathogen-challenged 
plants (Deepak et al., 2006). Besides, insect infestation in vogue 
elicits ZFN-transcriptional factor(s) synthesis (Lawrence et al., 
2014) to impart host plant resistance.

Recent advances in microarray and proteomic 
approaches have revealed that a wide spectrum of plant 
resistance protiens is involved in plant defense against insects 
(Belete, 2018). Direct defenses, such as trypsin protein inhibitors 
in rice has anti-digestive or toxic effects on insect herbivores (Qi et 
al., 2018). In the present context, protein profile of various 
treatments exposed to different zinc fertilizer in pot culture 
experiment were analysed by SDS-PAGE method to ascertain 
whether zinc is responsible for production of any new defensive 
protein against WBPH or not. Altogether, nineteen polypeptide 
bands were revealed in response to extraneous application of 
zinc in form of basal and foliar application of ZnSO  and Zn EDTA. 4

Polypeptide bands i.e. B1(97.4kDa), B2 (90kDa), B4 (78 kDa), B8 

Fig. 1: SDS-PAGE soluble protein profile of various Zn treatments in rice cv. TN 1 for elucidation of induced host plant resistance to WBPH. T1-T9: 
various Zn treatments (basal and/or foliar applications), M- Molecular weight marker.

kDa    M     T1           T T T T T T T T2             3             4            5             6            7            8               9

97.4

66.0
43.0

29.0

20.1

14.3
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resistance to WBPH. Sinha et al. (2005) revealed over-
expression of high molecular weight protein (>97kD) and a 
specific 38 kD polypeptide band in leaf folder infested resistant 
parent as well as resistant RILs derived from a cross IR 36 
(susceptible) x TNAULFR 831311 (Resistant) in rice. Thus, the 
induced polypeptide bands identified in the present investigation 
may serve as biochemical marker for WBPH resistance in rice.

WBPH is a dreadful sucking insect of rice and it usually 
attacks at culm base of rice plant at tillering and flowering stage 
causing drastic reduction in crop growth and seed yield 
(CRIDA,2019). Zinc application either as basal and/or foliar 
application reduced the population build up of WBPH ranging 
from 31.40 to 53.60 insects/hill as against control (79.20 
insects/hill). Combination treatment of basal and foliar application 
of zinc formulation in the form of Zn EDTA (T  : T  + T )  resulted 6 2 4

maximum dividend followed by T  (T  + T ) and T  (T  + T ) in term 7 1 4 8 2 3

of decrease in WBPH population. In this context, it is worth to note 
that the most responsive zinc combination treatment (T ) elicited 6

highest number (15) of polypeptide bands against ten normal 
protein bands in the control. Expression of five new polypeptide 
bands at 66.0, 37.0, 23.6, 15.8 and 14.3 kDa induced by T  can be 6

considered as biochemical basis of induced resistance in rice 
against WBPH. Among these, 66.0, 37.0, 23.6 and 14.3 kDa 
protein bands were induced by T  and 66.0, 37.0, 15.8 and 14.3 7

kDa protein bands induced by T , were common to that of T , 8 6

which were new types and not expressed in control treatment. 
Further, the soluble protein profiling study revealed that 66.0kDa, 
37.0 kDa and 14.3 kDa polypeptide bands were significantly 
induced and commonly shared in T , T  and T  that recorded lower 6 7 8

WBPH population.  However, 23.6 kDa polypeptide band induced 
only in T  and T  seems to have greater role in manifestation of 6 7

induced resistance to WBPH in rice. Induction of a defense 
related protein (53 kDa), due to leaf folder infestation in resistant 
and moderately resistant rice varieties have been reported by 
Das et al. (1999). Similarly, Sinha et al. (2005) and Punithavalli et 
al. (2013) have also noticed enhanced expression of a high 
molecular weight (> 97 kDa) protein in all the genotypes but there 
was an increased induction of a 38 kDa protein in leaf folder 
infested resistant rice genotypes, which was absent in uninfested 
plants. They reported these as a defense related proteins. 
Defence related proteins encoded by R genes play critical roles in 
plant resistance to insects and pathogens (Dodds and Rathjen, 
2010). More than 25 R genes related to rice defense against BPH 
have been found (Cheng et al., 2013, Zhao et al., 2016). 

A novel protein encoded by Bph 32 gene that offers 
resistance to BPH in rice has been identified (Ren et al., 2016). 
Therefore, the present finding lies in conformity with the finding of 
above authors. Further, clustering pattern (dendrogram) (Fig. 2) 
based on pair-wise similarity coefficient values (Table 3) revealed 
that T , T  (Control), T , T  and T  formed single treatment cluster 1 9 6 7 8

while, both T  and T  together and also T  and T  combinedly 2 3 4 5

formed separate clusters at 100% phenon level. Had there been 
fine tuning of the protein profiling, T  and T  might be separated 2 3

and this difference could have been interpreted in terms of per 
cent damage difference between T  and T . Similarly, T  and T  2 3 4 5

could have been differentiated as difference between these was 
revealed in field and pot culture experiment. However, the 
difference between T  and T  was not so much vigilant as 4 5

Fig. 2: Dendrogram depicting inter-relationship among various Zn treatments for induced resistance to WBPH in rice.
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compared to their effect with either of T , T  or T , which revealed 6 7 8

higher induction of host plant resistance to WBPH. Thus, plants 
respond to physical and chemical changes associated with insect 
feeding which in turn influences on the degree of damage by 
WBPH infestation. In the present study, low pest population build-
up consequent with repression of few specific poypeptides and/or 
elicitation of new polypeptides induced in protein profile of 
WBPH-challenged rice plants following Zn application clearly 
indicates Zn-induced host plant resistance to the  pest.
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