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Introduction 

Brinjal (Solanum melongena L.) is an important solanaceous vegetable, which holds a coveted position among 

different vegetables. Due to its low calorific value (24 kcal 100 g-1) and high potassium content (200 mg 100 g-1), it 

is suitable for diabetes, hypertensive and obese patients. It holds an important place in China, India, Japan and 

Europe. It is believed to be native of tropics of the old world [1]. India seems to be original habitat as this plant still 

exists here in wild state [2]. India is the second largest producer of brinjal crop after China, and in India it is popular 

vegetable grown [3]. In India it is cultivated in an area of 0.612 million hacters with production of 105.63 million tons 

and average productivity is 17.2 metric tons per hectare [4]; making it one of the main sources of cash for many 

farmers [5].While among the states, area under this crop in Jammu and Kashmir is 850 hacters with the production of 

17000 metric tons and productivity of 20 metric tons per hector [6]. Among the biotic stress factors that hamper the 

production of brinjal, brinjal shoot and fruit borer (BSFB) (Leucinodes orbonalis Guen.) is the most destructive [6,7], 

and economically harmful insect pests of brinjal [8,9,10]. L. orbonalis is practically monophagous, feeding 

principally on eggplant [11]. The loss caused by this deleterious pest was reported to be around 54 to 60% [12], 12.59 

to 38.65 [13], 60-70% [14], 40.96% [15] and 70 to 80% [16] and has become a major threat for brinjal cultivation. 

Besides it inflicts sizeable damage up to80 % to vitamin C [10]. Dar et al. [17] conducted an evaluation of combined 

options for the management of L. orbonalis, but the chemical control of shoot and fruit borer may reduce the pest 

attack to a greater extent; however, it causes adverse effects on the environment and human health, besides the 

indiscriminate use makes it expedient to seek for safe and eco-friendly measures [18]. Before initiating any breeding 

programme, one must have enough information about the ways and means by which the resistance can be exploited. 

Besides, the various morphological characteristic of the brinjal varieties/ genotypes responsible for resistance to L. 

orbonalis [19], biochemical defense mechanism would certainly be helpful in the selection of plants as a source of 

host plant resistance [20,21]. Exploiting host plant resistance through breeding approaches will be highly beneficial to 

develop superior high yielding genotypes with resistance to the shoot and fruit borer in brinjal. Among the major 

constraints in economic cultivation of brinjal, pest infestation causes heavy losses. Chemical control is widely used 

means of managing insect pests in brinjal. Repeated uses of broad spectrum synthetic chemicals also result in 
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environmental contamination, bioaccumulation and biomagnifications of toxic residues and disturbance in ecological 

balance [22]. Hence, there is an urgent need to look alternate and safer method. Bt. transgenic technology has offered 

promise of sustainable management of BSFB in brinjal [23,24]. However,presently there is an indefinite moratorium 

on the commercial cultivation of Bt. brinjal. Therefore, it is important to systematically screen the brinjal germplasm 

on the biochemical basis for possible sources of genetic resistance against BSFB. Many reports and reviews claim that 

some of the cultivated accessions of S. melongena possess resistance to BSFB [25]. A suggestion was made that 

selecting genotypes with higher glycoalkaloid (solasodine) content, total phenols and polyphenol oxidase activity 

would help improve resistance to BSFB infestation without affecting the yield potential [21,26]. Protein (r = 0.48), 

sugars (r = 0.65) and moisture content (r = 0.97) of fruits showed significant positive correlation, while phenols (r = -

0.89), flavonols (r = -0.83), dietary fibre (r = -0.92), ash (r = -0.83) and starch (r = -0.88) contents showed 

significantly negative correlation with per cent fruit infestation (Prasad et al., 2014). Dar et al, [20] conducted the 

path-analysis (corr. x, corr. y) and observed that crude fibre, ash, lignin and moisture content of brinjal had -1,-0.82,-

0.89 and +1 correlation with L. orbonalis infestation. There are reports which indicate that wild brinjal species 

containing higher polyphenols and phenols, e.g. S. macrocarpon are resistant to BSFB [27,11]. Generally, brinjal 

varieties vary in the resistance exhibition to L. orbonalis [17,28], but pulp and peel or skin of deep blue/purple 

varieties of brinjal has significant amounts of phenolic flavonoid phytochemical called anthocyanin which act as 

antioxidants and have potential health effects against cancer, aging, inflammation and neurological diseases [29].Total 

phenol content and polyphenol oxidase enzyme activity, havean immense importance in controlling the degree of 

browning of fruit pulp due to the effect of digenic interactions [30].Therefore current study were done to evaluate 

different phagostimulant or deterrent biochemical constituents of brinjal collections which are linked with resistant or 

susceptibility against L.orbonalis. 

Materials and Methods 

A field experiment was conducted in a randomized block design (RABD) with three replications and twelve 

treatments in an area of 500 m
2
. The accessions of 12 brinjal varieties/genotypes screened against brinjal shoot and 

fruit borer (Leucinodes orbonalis Guenee). Thirty-day old seedlings were transplanted with plant to plant and row to 

row spacing of 60 x 45 cm during May to June 2011-12 in the weather condition of 24 ±5C
0
 and 62 ± 4 per cent RH 

at Sher-e-Kashmir University of Agricultural Science and Technology, Kashmir. The cultural practices except plant 

protection measures were followed as per the crop production guide for horticultural crops. They seedlings were 

planted by maintaining fifteen plants per plot of size 13.20m
2
 per replication and a total of 45 plants per entry. Five 

plants per replication were tagged at random and observed for the incidence of shoot and fruit borer at weekly interval 

starting from fifteenth day after transplanting (DAT) to harvest. After each observation, the damaged shoots were 

removed. Similarly, in case of fruit infestation, number and weight of healthy and damaged fruits were recorded and 

per cent damage was calculated. Based on per cent fruit infestation genotypes were screened and rated following the 

range given by Mishra et al. [31]. Similarly, the genotypes were also screened based on per cent susceptibility by Ali 

et al. [32].The percentage data obtained from the field experiment were subjected to arcsine (angular) transformation 

[33]. Biochemical contents and incidence of pests were correlated by simple analysis using O.P Shereom packages, 

S.P.S.S and Minitab. Total phenols estimated from fruit samples at 45, 70 DAT and shoots at 15, 45 DAT by Folin-

Ciocalteu reagent method.While as, Soluble sugar were estimated in shoots at 15, 45 and in fruits at 45, 70 DATby 

Anthrone method [34]. 

Phenols 

Sample of shoot and fruit each weighing 0.5 g was taken and grinded with the help of pestle and mortar along with 10 

ml of 80% ethanol. Later sample were centrifuged and homogenated at 10, 000 rpm for 20 minutes. Supernatant were 

saved and residues re-extracted with 5 times volume of 80% ethanol. Samples were centrifuged again at 10, 000 rpm 

and the supernatants were pooled and later evaporated to dryness then obtained and residue were dissolved in 5ml of 

distilled water. Aliquots of (0.2 to 2) were pipette out into different test tubes each added by 0.5 ml of Folin-Ciocalteu 

Reagent (FCR). After 3 minutes, 2 ml of 20% Na2CO3 was added and mixed thoroughly. Then tubes were placed in 

boiling water for exactly 1 minute and pooled. Absorbance was measured in spectrophotometer at 650 nm against 

reagent blank. Finally standard curve using different concentrations of catechol were prepared. From the standard 

curve concentration of phenols in the test sample were estimated and expressed as mg of phenols per gram of sample 

material. Standard graph was drawn by plotting concentration of standard on the X-axis vs absorbance on Y-axis 

(Figure 1). From the graph amount of total phenol present in the sample were calculated as. 
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Phenols (mg/g) = 
Micro liters from stand curve x volume x dilution 
Weight of sample x 1000 

 
Regression equation: Y= 0.015+0.005 X: R

2
 = 0.977 

Figure 1 Standard curve for the estimation of phenols in brinjal: Standard curve for phenols estimated (absorbance vs 

concentration) by Folin-Ciocalteu reagent method as given by Bray and Thrope (1954 

Total sugars 

100 mg of the sample (shoot and fruit) were taken and hydrolyzed in a boiling water bath for 3 hours with 5 ml of 2.5 

HCl and cooled at room temperature. Then it was neutralized with solid sodium carbonate until the effervescence got 

ceased and the volume was made to 100 ml and centrifuged at 5000 rpm for 20 minutes. The supernatants were 

collected and 1 ml aliquots were taken for further analysis. Standards were prepared by taking the 0, 0.2, 0.4, 0.8 and 

1ml of working standards while 0 served as blank. Volume was made to 1 ml in all the tubes including sample tube by 

adding distilled water. 4 ml of anthrone reagent was added to each tube and heated for 8 minutes in a boiling water 

bath. Then cooled rapidly and green to dark green colour were read in spectrophotometer at 630 nm. Standard graph 

was drawn by plotting concentration of standard on the X-axis vs absorbance on Y-axis (Figure 2). From the graph 

amount of total sugar present in the sample were calculated as. 

Total sugars (mg/g) = 
Sugar value from graph (µg) 

x 
Total volume of extract (ml) 

x 100 
Aliquot sample used ( 1 ml) Weight of sample (mg) 

 
Regression equation: Y=0.015+0.005X; R

2
=0.997 

Figure 2 Standard curve for the estimation of sugars in different brinjal genotypes during 2012. Standard curve for the 

estimation of sugars (optical density vs concentration) estimated by Anthrone  method as given by Sadasivam and  Manickam 

(1992). 
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Results and Discussion 

Many biochemical factors are known to be associated with insect resistance and it is obvious that the biochemical 

factors are more important than morphological and physiological factors in conferring non-preference and antibiosis. 

Some biochemical constituents may act as feeding stimuli for insects. Occurrence at lower concentration or total 

absence of such biochemicals leads to insect resistance [35]. Biochemical factors of the host plant have been reported 

to play a vital role in resistance to various insect pests [36] and relatively resistant genotypes contained higher amount 

of phenols inherently [37] as these are often associated with the feeding deterrence, growth inhibition and in higher 

concentration could ward off insect pests because of the direct toxicity [38]. Preneetha [25] found that while selecting 

brinjal genotypes for shoot and fruit borer resistance, apart from their performance based on the yield, consideration 

may also be given on the quantity of biochemical constituents. However, in general various biochemical constituents 

present in plants showed a considerable level of resistance to insect pests [39] and in brinjal the low sugar content and 

higher phenolic compounds [40,41] offered a significant level of resistance to various biotic stresses. 

In present investigations genotypes screened, Brinjal-85 (resistant) and Local Long (resistant) recorded lowest 

fruit infestation of 3.30 and 5.15 per cent; whereas, shoot infestation was 2.34 and 4.60 per cent, respectively, 

corresponding to the high level of total phenols both at initial and final stages of crop growth. In Brinjal-85 and Local 

Long total phenol content at initial stage of shoot was registered as 1.93, 1.61 and at final stage 2.30, 2.09 mg/g dry 

weight (Table 1). While as, in fruits total phenol content registered at initial and final stage was 1.41, 1.36 and 1.51, 

1.45 mg/g dry weight, respectively. This finding is analogous to the observations made by Prasad et al. [21], Docimo 

et al. [42] change, Prabhu et al. [43] and Khorsheduzzaman et al. [27] who found that selection of genotypes with 

higher glycoalkaloid (solasodine), total phenols and polypheol oxidase activity improve resistance to shoot and fruit 

borer infestation. Shalimar Brinjal Hybrid-1 (highly susceptible) and Shalimar Brinjal Hybrid-2 (susceptible) 

recorded highest fruit infestation of 23.07 and 20.00 per cent (number basis) and shoot infestation of 9.10 and 7.70 

per cent, respectively corresponding to low levels of total phenol content both at initial and final stages of growth, 

whereby in Shalimar Brinjal Hybrid-1 and Shalimar Brinjal Hybrid-2 total phenol content registered at initial and 

final stages of fruit was 0.58, 0.66 and 0.67, 0.72 mg/g dry weight. Whileas, in shoots phenol content at initial stage 

was recorded 0.73, 0.84 and at final stage 0.88, 0.98mg/g dry weight, respectively. This is in conformity with the 

findings of Prabhu et al. [43] who observed that total phenol content and its activity is higher in shoots as compared to 

fruits at all stages of growth. Also, the Phenol content is the one of the most important character to reduce the shoot 

and fruit borer incidence. If the phenol content is high borer infestation will be less [44]. 

Table 1 Total phenol content of shoots and fruits of different brinjal genotypes screened against shoot and fruit borer 

(Leucinodes orbonalis Guenee) 

S. 

No. 

Genotypes Mean percentage 

fruit infestation 

(Number basis) 

Mean total phenol content (mg/g) 

Shoots Fruits 

15 DAT 45 DAT 45 DAT 70 DAT 
1. Shalimar Brinjal long-217 14.28

d 
(22.07) 1.32

c
±0.027 1.49

d
±0.038 0.88

b
±0.011 0.97

d
±0.033 

2. Local long 5.15
a 
(12.71) 1.61

e
±0.060 2.09

h
±0.069 1.36

d
±0.072 1.45

g
±0.035 

3. Brinjal oblong 18.18
e 
(25.20) 0.98

b
±0.027 1.16

b
±0.029 0.72

a
±0.065 0.78

b
±0.015 

4. Pusa purple long 16.63
e 
(24.31) 1.19

c
±0.055 1.31

c
±0.044 0.78

b
±0.049 0.83

b
±0.014 

5. Shalimar Brinjalpurpe Long-

42 

11.11
c 
(18.90) 1.50

d
±0.019 1.67

e
±0.0072 1.10

c
±0.056 1.21

f
±0.059 

6. Shalimar Brinjal Hybrid-1 23.07
g 
(28.48) 0.73

a
±0.020 0.88

a
±0.030 0.58

a
±0.006 0.67

a
±0.023 

7. Shalimar Brinjal purple 

Round-8 

8.33
b 
(16.70) 1.61

e
±0.059 1.93

g
±0.133 1.31

d
±0.015 1.29

f
±0.060 

8. Dilruba-2 16.60
e 
(24.19) 1.30

c
±0.035 1.39

c
±0.030 0.81

b
±0.024 0.87

c
±0.013 

9. Brinjal-85 3.30
a 
(11.92) 1.93

f
±0.038 2.30

i
±0.057 1.41

d
±0.050 1.51

g
±0.022 

10. Shalimar Brinjal long-208 12.50
c 
(19.43) 1.41

d
±0.037 1.58

d
±0.041 1.06

c
±0.069 1.07

e
±0.060 

11. Shalimar Brinjal Hybrid-2 20.00
f 
(26.06) 0.84

a
±0.003 0.98

a
±0.015 0.66

a
±0.068 0.72

a
±0.011 

12. Shalimar Brinjal purple 

Round-1 

10.08
b 
(16.72) 1.54

d
±0.021 1.81

f
±0.098 1.20

c
±0.001 1.24

f
±0.060 

 CD (0.05) 1.90 0.14 0.11 0.14 0.08 
 SE 1.36 0.06 0.05 0.07 0.04 

15 DAT = Days after transplanting (15
th

 July 2011); 45 DAT = 15
th

 August 2011; 70 DAT = 10
th

 September 2011 
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The present results indicated that phenols are important factors in conferring non-preference, antibiosis and 

exhibited a clear variation with the age of the crop (Fig 1) which is in agreement with Kaur et al. [45], Kalloo [46] 

and Prabhu et al. [43] who reported that phenols possessed the insect resistance properties and there is a clear 

variation in total phenolic content with age of the crop. The S. torvum with green color fruit were significantly less 

susceptible and violet color (pink) fruit of BARI Brinjal-1 was highly susceptible followed by light green color fruit 

of BARI Brinjal-6 fruit [47], the possible reason is the difference in the total phenol content. In addition to higher 

content of the phenol in green fruits white coloured fruits were found rich in flavonols therefore expressing resistance 

against the L. orbonalis [40]. In general, total phenol content increased with the age of the crop, and the genotypes 

with higher phenol content impart the resistance by having direct negative effect on L.orbonalis infestation [26]. The 

cultivars having higher total phenols in leaves supported fewer insect pests in brinjal [48]. A negative and significant 

correlation existed between phenols in shoots and fruits (Table 2) with infestation by L.orbonalis and is supported by 

Shinde [49] who found that phenols are negatively correlated with the borer damage and are responsible to impart 

resistance. Phenolic compounds are an important component of the oxidative defenses of plants against pests, when 

compounds become oxidized in midgut of insects and their reaction products are responsible for causing oxidative 

stress in the digestive tract producing reactive oxygen species (ROS) [50], such as semiquinone radicals, reduce the 

growth rate of leaf-feeding insects [51]. Phenolic compounds work by producing reactive oxygen species, specifically 

tannins get oxidized in the guts of insects and the oxidation products have the potential to damage vital nutrients 

causing either insect deterrence or antibiosis [52]. 

Table 2 Correlations among various biochemical characteristics of different brinjal genotypes in relation  to 

susceptibility to shoot and fruit borer (Leucinodes orbonalis Guenee). 
Mean 

percent 

fruit 

infestation 

(no. basis) 

Mean 

percent 

fruit 

infestation 

(wt. basis) 

Mean 

percent 

shoot 

infestation 

Sugars 

in fruit 

(45 

DAT) 

Sugars 

in fruit 

(70 

DAT) 

Sugar 

in shoot 

(15 

DAT) 

Sugar 

in shoot 

(45 

DAT) 

Phenol 

in fruit 

(45 

DAT) 

Phenol 

in fruit 

(70 

DAT) 

Phenol 

in shoot 

(15 

DAT) 

Phenol 

in shoot 

(45 

DAT) 

Moisture 

(%) 

Ash 

(%) 

X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 

X1 0.992** 0.973** 0.978** 0.971** 0.972** 0.981** -
0.985** 

-
0.988** 

-
0.963** 

-
0.963** 

0.98** -
0.954** 

X2  0.951** 0.975** 0.965** 0.964** 0.981** -0.98** -

0.981** 

-

0.966** 

-

0.993** 

0.986** -

0.951** 

X3   0.979** 0.976** 0.98** 0.967** -

0.975** 

-

0.973** 

-

0.956** 

-

0.972** 

0.957** -

0.957** 

X4    0.997** 0.995** 0.995** -
0.983** 

-
0.977** 

-
0.981** 

-
0.992** 

0.97** -
0.982** 

X5     0.995** 0.995** -

0.972** 

-

0.967** 

-

0.979** 

-

0.985** 

0.963** -

0.986** 

X6      0.987** -

0.971** 

-0.96** -

0.981** 

-

0.984** 

0.959** -

0.987** 

X7       -
0.976** 

-
0.976** 

-
0.977** 

-
0.993** 

0.978** -
0.981** 

X8        0.992** -

0.954** 

-

0.955** 

0.898* -

0.938** 

X9         -

0.949** 

-0.884* 0.891* -

0.932** 

X10          -0.876* 0.865* -
0.977** 

X11           0.875* -0.97** 

X12            -0.94** 

**Significant at 1 per cent *Significant at 5 per cent  

In present investigations Brinjal-85 (resistant) and Local Long (resistant) recorded lowest fruit and shoot 

infestation corresponding to the low levels of total sugars both at initial and final stages of crop growth as in Brinjal-

85 and Local Long total sugar content at initial stage of fruit was registered as 5.59, 6.16 and at final stage 5.87, 

6.22mg/g dry weight (Table 3 and Figure 2). Whileas, in shoots total sugar content at initial stage was registered 5.45, 

5.80 and at final stage 3.03, 3.36 mg/g dry weight, respectively. The results are in agreement with Khorsheduzzaman 

et al. [27], Isahaque and Chaudhuri [53] and Panda and Das [54] who found that susceptible genotypes contain higher 

content of total sugars as compared to resistant ones. Genotypes viz., Brinjal-85 and Local Long provided less feeding 

stimulus to borers due to high phenols and low total soluble sugars, thus could be utilized in the breeding programme 

for the development of shoot and fruit borer resistant varieties in brinjal. Total sugar content in susceptible cultivars 

were found ranged from 0.53-24.77 % in 2012 to 0.71-20.36 % in 2013 [40].These results are in agreement with 

Lapidus et al. [55]; Knapp et al. [56]; Kalode and Pant [57]; Jat and Pareek [58] and Khorsheduzzaman et al. [27] 
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who found that in brinjal, sugar content acted as a feeding stimulant to the borers. Also, the highest sugars content 

(1.76 g/100 g FW) was recorded in highly susceptible accession, IC090093 (72% infestation) [59], while lowest (0.75 

g/100 g FW) was recorded in resistant accession, IC280954 (7.89% infestation) Prasad et al. [21]. 

Table 3 Total sugar content of shoots and fruits of different brinjal varieties/genotypes screened against  shoot and 

fruit borer (Leucinodes orbonalis Guenee) 
S. 

No. 

Genotypes Mean shoot  

infestation 

(per cent)  

Total sugar content (mg/g) Mean fruit in 

festation on nu 

mber basis (%) 

Total sugar content (mg/g) 

Shoots Fruits 

15 DAT 45 DAT 45 DAT 70 DAT 

1 Shalimar Brinjal 

Long-217  

6.70e (14.55)  8.08
c
±0.427  6.00f 0.012  14.28

e
(22.07)  9.37

d
±0.404  9.44

c
±0.164  

2 Local Long  4.60
b
 (12.62)  5.80a±0.498  3.36

b
±0.018  5.15

 b
(12.71)  6.16

a
±0.402  6.22

a
±0.408  

3 Brinjal Oblong  7.50
f
 (15.88)  9.59

d
±0.347  8.24

i
±0.085  18.18

f 
(25.20)  11.49

e
±0.578  12.51

e
±0.691  

4 Brinjal Purple Long  7.50
f
 (15.88)  8.91

d
±0.500  7.36

h
±0.137  16.63

f 
(24.31)  10.80

e
±0.564  11.36

d
±0.394  

5 Shalimar Brinjal 

Purple Long-42  

5.34
c
 (13.34)  7.17

b
±0.587  5.24

e
±0.088  11.11

d 
(18.90)  7.99

c
±0.184  8.14

b
±0.327  

6 Shalimar Brinjal 

Hybrid-1  

9.10
g
 (17.53)  11.47

f
±0.826  9.50

j
±0.116  23.07

h 
(28.48)  13.18

i
±0.252  14.63

f
±0.669  

7 Shalimar Brinjal 

Purple Round-8  

4.96
b
 (12.82)  6.07

a
±0.452  4.05

c
±0.135  8.33

c 
(16.70)  6.64

b
±0.355  6.82

a
±0.366  

8 Dilruba-2  6.97
e
 (15.75)  8.28

c
±0.520  6.86

g
±0.067  16.60

f 
(24.19)  9.73

d
±0.345  10.47

c
±0.130  

9 Brinjal-85  2.34
a
 (6.91)  5.45

a
±0.348  3.03

a
±0.120  3.30

a 
(11.92)  5.59

a
±0.309  5.87

a
±0.489  

10 Shalimar Brinjal 

Long-208  

6.20
d
 (14.37)  7.50

c
±0.551  5.96

f
±0.015  12.50

d 
(19.43)  8.60

c
±0.271  9.13

b
±0.296  

11 Shalimar Brinjal 

Hybrid-2  

7.70
f
 (16.08)  10.53

e
±0.751  9.47

j
±0.176  20.00

g 
(26.06)  12.73

f
±0.113  14.06

f
±0.393  

12 Shalimar Brinjal 

Purple Round-1  

5.10
c
 (13.02)  6.41

b
±0.438  4.86

d
±0.042  10.08

c 
(16.72)  7.19

b
±0.170  7.41

b
±0.301  

  CD (P= 0.05) 0.37 0.78 0.29 1.77 0.71 1.03 

15 DAT = Days after transplanting (15th July 2011); 45 DAT = 15th August 2011; 70 DAT = 10th September 2011 

Total sugar content in fruits was comparatively higher as compared to the shoots and is supported by results of 

Panda and Das [54] who found that higher sugar content is present in brinjal fruits as compared to shoots which acted 

as feeding stimulant for borers. Lower levels of total sugars were found in genotypes which are fairly resistant and 

resistant to the L.orbonalis infestation. Fairly resistant genotypes viz., Shalimar Brinjal Purple Round-8 and Shalimar 

Brinjal Purple Round-1 suffered the infestation of 8.33 and 10.08 per cent on number basis and were found to have 

total sugar content of 6.07, 6.41 and 4.05, 4.86 mg/g dry weight both at initial and final stages of shoot growth, 

respectively. Whileas, in fruits total sugar content was comparatively higher ranging from 6.64 to 7.19 and 6.82 to 

7.41mg/g dry weight at initial and final stages of fruit growth, respectively. Resistant genotypes viz., Brinjal-85 and 

Local Long were found to suffer the infestation of 3.30 and 5.51 per cent; registered the lowest total sugar content of 

5.45, 5.80 and 3.03, 3.36 mg/g dry weight at initial and final stages of shoot growth, respectively.Tripathi et al [58] 

found the maximum of the total phenol content in the fruits of Pusa Purple Round and Pusa Purple Long. Whileas, in 

fruits total sugar content was comparatively higher both at initial and final stages of fruit growth. The results are in 

conformity with Jat and Pareek (2003) who found that varieties Arka Kusumakar and SM-10 suffer less infestation by 

borers and contained less total sugars of 3.56 and 3.66 per cent, respectively. Direct and indirect path coefficients and 

ANOVA were determined for the L. infestation to brinjal genotypes and are given in Tables 4, 5 and 6, respectively. 

Table 4 Direct (Diagonal) and indirect effect path coefficients for sugars 

Infestations (%) 15 DAT 45 DAT 45 DAT 70 DAT 

X2 -0.008134 -0.008091 0.964153 0.982508 

X3 -0.008502 -0.008126 0.964148 0.981917 

X4 -0.007225 -0.007942 0.983812 0.972005 

X5 -0.008701 -0.008331 0.964377 0.990908 
Residual Effect, 2 = 0.05838057 
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Table 5 Direct (Diagonal) and indirect effect path coefficients for phenols 

Infestations (%) 15 DAT 45 DAT 45 DAT 70 DAT 

X2 -0.3479789  0.1877329 -0.3138840 -0.4958699 

X3 -0.3410193  0.1915641 -0.3237961 -0.5167487 

X4 -0.3305800  0.1877329 -0.3304042 -0.5167487 

X5 -0.3305800  0.1896485 -0.3271002 -0.5219684 
Residual Effect, 2 = 0.008260105 

Table 6 Two way ANOVA of the biochemical composition (Phenols & Sugars) in various genotypes of brinjal, S. 

 melongena. 

Source of Variation SS d.f MS F P-value F crit. 

Rows 333.5536 37 9.014963 36.86284 0.006 1.457048 

Columns 166.5953 7 23.79933 97.31717 0.007 2.045035 

Error 63.33955 259 0.244554 -   

Total 563.4885 303     

Conclusion and recommendations 

The study revealed that the brinjal genotypes commonly grown in Kashmir division (J&K, India) varied significantly 

in total phenol and total sugar content. However, it was noted that percentage of borer infestation was more in shoots 

of locally developed hydrids (Shalimar Brinjal Hybrid-1 and Shalimar Brinjal Hybrid-2) as compared to the rest of 

the commercially cultivated brinjal varieties (Brinjal-85 and Local Long). High heritability coupled with low genetic 

gain can be improved by development of hybrid varieties.  

Gaps in research and recommendations 

More work is needed by breeder to opt for selection, screening following hybridization and isolation of desirable 

transgressive segregants. Without affecting the quality of commercial varieties, the resistance genes identified thus 

will be transferred to recurrent parents by backcross breeding. Identification of suitable molecular markers which are 

linked with resistant traits will ease the breeding programme involving insect infestation. The resistant materials will 

be highly useful to link the resistant traits with molecular markers to map the genes in chromosomes. 
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