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Abstract: Experiments were conducted at Entomology division of Directorate of Rice research to study the qualitative and 
quantitative changes in biochemical constituents in the rice plant treated with different xenobiotics, viz. insecticides like deltamethrin, 
imidacloprid, herbicide like 2,4-Dichlorophenoxyacetic acid, fungicide like carbendazim, green manure Calotropis gigantea leaves, 
botanicals like Neem Seed Powder and fertilizer urea along with control plants of TN1, PTB33 and Swarna varieties comprising of 
total 15 treatments. Application of butachlor, carbendazim, deltamethrin and excessive nitrogen fertilization resulted in increased 
population build up of brown plant hopper (BPH). Significantly, lower honeydew excretion (13 mm2 area) in the BPH nymphs was 
observed on resistant PTB33 variety compared to susceptible TN1 and Swarna varieties (116 and 110 mm2 respectively). In 
susceptible TN1 variety, the sucrose content was significantly higher (9.35 mg/g tissue) compared to BPH resistant PTB33 (5.32 
mg/g tissue). The BPH resistant PTB33 variety exhibited significantly lower free amino acid content (1.23 mg/g tissue) as compared 
to TN1 (2.51 mg/g). The C/N ratio was comparatively high in the resistant PTB33 alone (4.32), but was low in PTB33 applied with 
2,4-D + carbendazim (2.73), 2,4-D + imidacloprid + carbendazim (2.3), excess urea fertilizer (2.18). The total phenol contents 
measured in resistant PTB33 (7.5 mg/g dry wt), susceptible TN1 (5.865 mg/g dry wt) and the popular variety Swarna (5.57 mg/g dry 
wt) were almost same and no statistical difference was observed. Further, treatment of these varieties with different xenobiotics and 
botanicals also did not significantly alter their total phenol content. However, the phenol content of the resistant PTB 33 alone and 
treated with xenobiotics was higher compared to the susceptible TN 1 and Swarna varieties alone and treated with xenobiotics. The 
plant biochemical constituents such as free amino acids, sucrose were lower in untreated resistant PTB33 compared to susceptible 
TN1, and PTB33 treated with urea and deltamethrin. The high feeding rate and population build up on the susceptible variety TN1 is 
positively correlated with high quantities of sucrose, free amino acids and lower quantities of phenols and low C/N ratio.  
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1. Introduction 

Ric Oryza sativa L. is life for more than half of the 

global population and important food crop all over the 

world grown in over 154 million hectares with 

production of 634.5 million tons per annum [1]. India 

alone produces nearly one fourth (22%) of the rice in 

the world, next to China and stands first in rice area of 
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44.3 million ha accounting for 28.4% and second in 

production of 93.4 MT while China tops in rice 

production and second in area [2]. The brown plant 

hopper (BPH), Nilaparvata lugens (Stal.) is one of the 

most serious insect pests of rice causing significant 

yield losses [3]. It is more serious in Southern states of 

Tamil Nadu, Andhra Pradesh, Karnataka and Kerala. 

In addition to direct damage, it is a vector for Rice 

Grassy Stunt Virus and Rice Ragged Stunt Virus. 

Heavy infestations cause complete drying and plant 
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death, a condition known as hopper burn. Though the 

primary methods of control are chemical insecticides 

and host plant resistance as part of an integrated pest 

management (IPM), BPH has shown its ability to 

develop resistance quickly against resistant varieties 

and insecticides [4, 5]. BPH is a typical resurgent 

insect pest and various ecological and cultivation 

practices trigger higher fecundity, shorter 

developmental period and increased macropterous 

production of BPH. All these phenomena lead to 

population explosion, migration and extensive damage 

on rice over vast area and even across countries [6, 7]. 

Generally, insect resistance to plant allelochemicals 

might interfere with their resistance to insecticides. 

Allelochemicals associated with host plant resistance 

may induce changes in the general detoxification 

enzymes presumably induced by the plants. Therefore, 

physiological response of herbivores to host plants 

may lead to enhanced metabolism of pesticides 

because mechanisms that function in detoxification of 

plant allelochemicals in their diets may also be 

effective at detoxifying pesticides. Hence, a concerted 

study on the effect of various chemicals such as 

insecticides, fungicides, botanicals and fertilizers on 

the plant resistance and BPH hormesis is taken up for 

their optimal use in rice eco-system to develop a 

sustainable IPM programme for BPH and also their 

effects on innate BPH resistance of three rice varieties, 

against BPH, were studied. 

2. Materials and Methods 

2.1 Application of Different Xenobiotics to the Potted 

Rice Plants 

Experiments were conducted during 2010-2011 at 

Entomology division of directorate of Rice Research, 

Hyderabad where is different xenobiotics were used as 

20 plants insecticides like deltamethrin, imidacloprid, 

herbicide like 2,4-D, fungicide like carbendazim, 

green manure Calotropis gigantea leaves, botanicals 

like Neem Seed Powder and fertilizer urea along with 

control plants the varieties of TN1, PTB33 and 

Swarna utilizing 20 plants treatment comprising 15 

treatments and replicated thrice utilizing 20 plants per 

treatment. The herbicide 2,4-D (6 mg/pot), green 

manure Calotropis leaves (50 g/pot), Neem Seed 

Powder (2 g/pot) and Urea (1 g/pot) were applied to 

soil only once at the time of transplanting of rice 

seedling in the pots. Before transplanting, the 

xenobiotics were thoroughly mixed with the soil in the 

pots. The Calotropis leaves were partially 

decomposed before applying to the pots. The 

insecticides viz., deltamethrin (0.5 mL/L of water), 

imidacloprid (0.5 mL/L of water) and the fungicide, 

carbendazim (2 g/L of water) were applied by 

sparying at 30th, 45th and 55th days after 

transplanting on the potted plants of rice varieties of 

TN1, PTB33 and Swarna. The 45 days old seedlings 

of PTB33, TN1 and Swarna varieties were used in the 

experiment. The pots were thoroughly cleaned and 

washed with water and kept under shade for drying 

then were covered with mylar tubes. Twenty three 

instar BPH nymphs were released on the treated 

potted plants by using aspirator and the top of the tube 

was covered with muslin cloth in order to prevent 

escape of the BPH nymphs and prevent entry of other 

insects. Observations on percentage mortality of 

nymphs were recorded at 24, 48, 72, 96 and 120 h 

after the release of nymphs. 

2.2 Feeding Experiment 

The seeds of the varieties viz., TN1, PTB33 and 

Swarna were soaked in plastic petridishes separately 

and the germinated seeds were sown in 500 mL plastic 

pots filled with fertilizer enriched puddled soil. Two 

germinated seeds were sown in each pot and only one 

healthy seedling was retained after 10 days. For each 

entry/variety, seedlings were raised in 8-10 pots. The 

plants were used 30 days after sowing for conducting 

the honeydew experiment. 

Nine centimeter diameter circles of whatman 

number 1 filter paper were prepared. A small hole was 

made in the center of the circle and a longitudinal cut 
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were made in the circle from the margin to the hole. 

One milligram of bromocresol green powder was 

added to 1 L ethyl alcohol solution in a beaker or flask 

and mixed thoroughly. The solution was taken in a 

Petri dish and the filter paper circles were dipped in it 

and dried in shade. The papers were again dipped in 

the solution to get orange colour. Card board sheet 

was taken and cut into square shapes of 12 × 12 cm 

size and a hole was made in the center of the square. 

Wooden planks with a hole in the center can also be 

used. The stem of the one month old plant was 

inserted through the hole and the card board square 

was kept at the base of the plant and the hole was 

plugged with nonabsorbent cotton. A polythene sheet 

and a paper were placed on the card board to prevent 

moisture absorption by the filter paper. The treated 

filter paper circle were placed on the card board at the 

base of the plant. A small plastic cup without lid was 

taken. A small hole was made at the basal portion of 

the cup and the stem of the plant was inserted through 

the hole and the cup was placed on the filter paper. 

The feeding/honeydew test was conducted using both 

the third instar nymphs and one day old female adults. 

Five one day old BPH females/3rd instar nymphs 

(separately for nymphs and adults) were released into 

the cup onto the filter paper through the hole and the 

hole were plugged with nonabsorbent cotton to 

prevent the escape of the insects. The insects were 

allowed to feed for 24 h at the base of the stem. The 

insect has filter chamber mechanism to prevent the 

entry of excess water present in the plant sap to avoid 

dilution of digestive enzymes. This excess water were 

excreted in the form of honeydew droplets. When 

these droplets came in contact with the filter paper 

treated with bromocresol green powder, they turned 

into blue spots. The filter paper was taken out and the 

area of the spots was measured by graph paper method. 

The area of all the honeydew spots were traced on a 

trace paper and the trace paper was kept on a 

millimeter square graph paper and the number of 

squares within the spots was counted. The area of all 

the spots was added and the area of honeydew 

excretion was expressed as mm2 per five females or 

five nymphs. 

2.3 Biochemical Analysis of Rice Plant 

All the biochemical components were estimated 

from whole rice plants collected seven days after 

second round of treatments. The oven dried samples 

were analyzed separately in three replications. 

2.3.1 Estimation of Total Phenol 

The total phenol content was estimated following 

the method of Zieslin and BenZaken [8]. One gram of 

sample was homogenized in 5 mL of 85% ethanol. 

This homogenized ethanolic extract (0.5 mL) was 

added to 2.5 mL of distilled water and 250 µL of 

Folin-Ciocalteu reagent (1 N) was added and the 

solution was kept on a boiling water bath. After 3 min, 

0.5 mL of saturated Na2CO3 solution and 1 mL of 

distilled water were added and the reaction mixture 

was incubated for 1 h at 25 °C. The absorbance was 

measured at 725 nm. Total soluble phenol was 

calculated according to a standard curve obtained from 

a Folin-Ciocalteu reagent with catechol mg/g dry wt. 

2.3.2 Estimation of Free Amino Acid 

One gram of the sample was ground thoroughly 

with a pestle and mortar in 0.5 mL of 80% ethanol. 

The homogenate was centrifuged and the supernatant 

was used for estimation. From the working standard 

solution containing 100 mg of leucine per milliliter, 

pipetted out 0.2, 0.4, 0.6, 0.8 and 1.0 mL into a series 

of test tubes and 0.1 mL of the sample extract. One 

milliliter of ninhydrin was added and the volume was 

made upto 2 mL in all the tubes. The tubes were kept 

in the boiling water bath for 20 min. Five milliliter of 

the diluent solvent (equal volume of water and 

n-propanol) was added, mixed well and allowed to 

stand for 20 min. The intensity of the purple colour 

was read at 570 nm. The concentration of total free 

amino acids in the sample was calculated using the 

leucine standard curve and expressed as percent 

equivalent of leucine [9]. 
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2.3.3 Estimation of Sucrose 

The sucrose content in the whole rice plant was 

measured using the method of Xue [10]. One gram 

sample was extracted with 3 mL of 80% ethanol for 

30 min in water bath at 80 °C and the supernatant was 

absorbed. The extract was decolorized and filtered by 

the addition of 100 mg of active carbon. One milliliter 

of filtered solution was absorbed into a test tube and 

0.1 mL of 2 N NaOH was added, kept in boiling water 

for 10 min and then cooled. A mixture of 3.5 mL of 

30% HCl and 1 mL of 0.1% resorcin was added, and 

kept in bathing water at 80 C. The mixture was 

cooled by running water. The absorbance was 

measured at 480 nm and the quality of sucrose was 

expressed terms of mg/g. 

Data on population build up, toxicity, honeydew 

excretion were subjected to suitable transformation 

and analysis of variance (ANOVA) was carried out 

using SAS Version 9.1 [11]. Least square difference 

(LSD) test was used to compare all the means among 

treatments to compare the effect of different 

xenobiotics on BPH growth and development and 

biochemical parameters at P ≥ 0.05. 

3. Results and Discussion 

Application of carbendazim, deltamethrin and 

excessive nitrogen fertilization resulted in increased 

population build up of BPH Table 1. The present 

results are in conformity with the findings of Cheng 

[12], Chelliah and Heinrichs [13], Heinrichs and 

Medrano [14] who observed that high rate of fertilizer 

and other chemical inputs such as insecticides 
 

Table 1  Direct toxicity of various xenobiotics to BPH nymphs. 

Tr. No. Treatment details 
Percent mortality of BPH 

24 h 48 h 72 h 96 h 120 h 
Total number of 
BPH nymphs/pot

T1 PTB 33 (resistant variety) 
5.4e 
(13.4) 

5.4e 
(13.4) 

6.2d 
(14.4) 

6.2d 
(14.4) 

7.5e 
(15.7) 

13.3f 
(3.7) 

T2 TN 1 (susceptible variety) 
0f

(0) 
0f

(0) 
0f

(0) 
0f

(0) 
0f 

(0) 
244.3a 
(15.6) 

T3 Swarna (popular variety) 
0f

(0) 
0f

(0) 
0f

(0) 
0f

(0) 
0f 

(0) 
191.0b 
(13.8) 

T4 PTB 33 + 2,4-D 
5.4e

(13.4) 
5.4e 
(13.4) 

5.8d 
(14.0) 

6.2dd 
(14.4) 

6.2e 
(14.4) 

79.6c 
(8.9) 

T5 PTB 33 + carbendazim 
6.2de 
(14.4) 

6.6e 
(15.0) 

9.1d 
(17.5) 

14.1d 
(22.0) 

16.6de 
(24.0) 

35.6e 
(5.9) 

T6 PTB 33 + 2,4-D + carbendazim 
5.4e 
(13.4) 

5.4e 
(13.4) 

5.8d 
(14.0) 

5.8d 
(14.0) 

7.0e 
(15.2) 

51.3de 
(7.1) 

T7 PTB 33 + deltamethrin 
12.5d 
(20.4) 

15.8d 
(23.4) 

34.6d 
(35.6) 

42.5c 
(40.6) 

46.6c 
(43.0) 

70.3cd 
(8.3) 

T8 PTB 33 + 2,4-D + deltamethrin + carbendazim 
58.3b 
(50.0) 

73.3b 
(59.3) 

78.7b 
(63.7) 

79.5b 
(64.2) 

79.5b 
(64.2) 

68.6cd 
(8.3) 

T9 PTB 33 + imidacloprid 
87.5a 
(70.3) 

92.5a 
(74.2) 

93.7a 
(75.5) 

93.7a 
(75.5) 

93.7a 
(75.5) 

7.6f 
(2.7) 

T10 PTB 33 + 2,4-D + imidacloprid + carbendazim 
33.3c 
(35.0) 

45.8c 
(42.5) 

75.0b 
(61.0) 

85.0ab 
(68.7) 

86.6ab 
(69.8) 

14.0f 
(3.7) 

T11 PTB 33 + Calotropis leaves  
5.8e 
(13.9) 

9.1de 
(17.2) 

9.1d

(17.2) 
10.0d 
(17.9) 

10.8de 
(18.7) 

15.6f 
(3.9) 

T12 PTB 33 + neem seed powder  
5.8e 
(14.0) 

6.6e 
(14.8) 

6.6d 
(14.8) 

10.8d 
(19.2) 

10.8de 
(19.2) 

13.6f 
(3.7) 

T13 PTB 33 + excess urea 
7.0de 
(15.2) 

7.0e 
(15.2) 

7.0d 
(15.2) 

7.5d 
(15.8) 

8.3de 
(16.5) 

48.6de 
(7.0) 

T14 TN 1 + neem seed powder + Calotropis leaves 
5.8e 
(14.0) 

5.8e 
(14.0) 

7.5d 
(15.7) 

10.8d 
(19.2) 

10.8de 
(19.2) 

36.0e 
(6.0) 

T15 Swarna + neem seed powder + Calotropis leaves
7.0de 
(15.2) 

7.5e 
(15.5) 

9.1d 
(17.3) 

10.8d 
(19.2) 

10.8de 
(19.2) 

86.0c 
(9.2) 

SE 
LSD (0.05) 

2.1 
6.2 

2.4 
7.0 

2.9 
8.4 

2.7 
8.0 

2.6 
7.6 

0.4 
1.3 

Means followed by the same letters in the same column are not significantly different at P > 0.05 (LSD, SAS Institute 2006). 



Qualitative and Quantitative Changes in Biochemical Constituents in the  
Rice Plant Treated with Different Xenobiotics 

  

21

 

increase reproduction and survival of BPH through 

favourable alteration of nutritional and other 

biochemical properties of host plants. Fecundity and 

survival of BPH was higher in susceptible host plant 

variety with high rate of nitrogen, phosphorus and 

potassium fertilizer used [15, 16] reported that 

survival of nymphs and adults, fecundity and egg 

hatchability were significantly increased by the 

increase of nitrogen content in host plants which 

support the present findings. 

3.1 Biochemical Composition of Rice Plants Treated 

with Different Xenobiotics 

3.1.1 Changes in Sucrose Content 

The sucrose content in rice plant varied naturally 

between varieties (Table 2). In susceptible TN1 

variety, it was significantly higher (9.35 mg/g tissue) 

compared to BPH resistant PTB33 (5.32 mg/g tissue) 

and the commercially grown Swarna varieties (7.94 

mg/g tissue). The PTB 33 recorded the lowest sucrose 

content (5.32 mg/g). Treatment of PTB 33 with either 

imidacloprid spray (5.90 mg/g tissue) or Calotrpis 

leaves (5.65 mg/g tissue) or neem seed powder (5.32 

mg/g tissue) as soil amendments also recorded lower 

sucrose contest and the values were on par with PTB 

33 alone. However, treatment of PTB 33 plants with 

either deltamethrin alone (9.66 mg/g tissue) or its 

combination with 2,4-D and carbendazim (10.30 mg/g 

tissue) significantly increased the plant sucrose 

content compared to that of susceptible TN1. 

Application of 2,4-D alone (8.36 mg/g tissue), 2,4-D + 

carbendazim (7.5 mg/g tissue), 2,4-D + deltamethrin + 

carbendazim (10.3 mg/g tissue), 2,4-D + carbendazim 

+ imidacloprid (6.87 mg/g tissue) to PTB 33 resulted 

in the increased amounts of sucrose content in the 

plant compared to PTB 33 alone (5.32 mg/g tissue). 

Application of neem seed powder + Calotropis leaves 

as soil amendments decreased the sucrose content to 
 

Table 2  Estimation of rice plants treated with different xenobiotics. 

Tr. 
No. 

Treatment details 
Sucrose  
(mg/g dry wt.)

Free amino acids 
(mg/g dry wt.) 

C/N 
ratio 

Total 
phenol  
(mg/g dry 
wt.) 

Honeydew excretion mm2 by 
BPH adults 

T1 PTB 33 (resistant variety) 5.32 ± 0.52g 1.23 ± 0.12cd 4.32 7.50 ± 1.10 13.0e (3.4) 

T2 TN 1 (susceptible variety) 9.35 ± 1.22a 2.51 ± 0.34b 3.72 5.86 ± 0.98 112.6a (10.6) 

T3 Swarna (popular variety) 7.94 ± 0.97bc 1.75 ± 0.21c 4.54 5.57 ± 0.79 110.6ab (10.4) 

T4 PTB 33 + 2,4-D 8.36 ± 0.81b 2.60 ± 0.09b 3.22 7.06 ± 1.45 33.6cd (5.8) 

T5 PTB 33 + carbendazim 6.78 ± 1.02de 1.56 ± 0.13cd 4.35 6.20 ± 1.19 47.6c (6.8) 

T6 PTB 33 + 2,4-D + carbendazim 7.50 ± 1.11bcd 2.75 ± 0.89b 2.73 7.57 ± 1.75 74.3abc (8.3) 

T7 PTB 33 + deltamethrin 9.66 ± 1.45a 2.53 ± 0.65b 3.82 6.66 ± 1.23 65.6dbc (8.0) 

T8 
PTB 33 + 2,4-D + deltamethrin + 
carbendazim 

10.30 ± 2.32a 2.93 ± 0.55b 3.52 6.59 ± 1.54 65.6dbc (8.1) 

T9 PTB 33 + imidacloprid 5.90 ± 0.76efg 1.31 ± 0.08cd 4.50 6.98 ± 1.22 8.3e (2.7) 

T10 
PTB 33 + 2,4-D + imidacloprid + 
carbendazim 

6.87 ± 1.42cde 2.98 ± 0.25b 2.31 6.91 ± 1.00 16.0de (4.0) 

T11 PTB 33 + Calotropis leaves  5.65 ± 0.78fg 1.29 ± 0.19cd 4.38 7.90 ± 1.67 14.0de (3.8) 

T12 PTB 33 + neem seed powder  5.32 ± 0.89g 1.35 ± 0.08cd 3.94 7.65 ± 1.59 10.6e (3.3) 

T13 
PTB 33 + excessive nitrogen 
fertilization 

6. 53 ± 0.45def 3.00 ± 0.20a 2.18 7.21 ± 1.46 47.0c (6.8) 

T14 
TN 1 + neem seed powder + 
Calotropis leaves 

7.42 ± 1.11bcd 1.65 ± 0.03cd 4.50 5.32 ± 0.97 58.3c (7.4) 

T15 
Swarna + neem seed powder + 
Calotropis leaves 

6.56 ± 0.98def 1.67 ± 0.06cd 3.93 5.51 ± 0.59 34.6cd (5.8) 

 
SE 
LSD (0.05) 

0.06 
0.98 

0.14 
0.50 

- 
NS 
NS 

0.8 
2.4 

Means (± SE) followed by the same letters in a column are not significantly different at P > 0.05 (LSD, SAS Institute 2006). 
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7.42 mg/g tissue compared to TN1 alone (9.35 mg/g 

tissue). 

3.1.2 Changes in Free Amino Acid Content and 

C/N Ratio 

The BPH resistant PTB 33 variety in the present 

study exhibited significantly lower free amino acid 

content (1.23 mg/g tissue) as compared to TN1 (2.51 

mg/g). The popular commercial variety Swarna (1.75 

mg/g tissue) also showed free amino acid level at par 

to that of TN1. The excessive urea application induced 

the resistant PTB33 plant to release free amino acid in 

the cell sap (3.0 mg/g tissue). Similarly, application of 

chemicals like 2,4-D alone (2.6 mg/g), the xenobiotics 

in combination with 2,4-D viz., 2,4-D + carbendazim 

(2.75 mg/g), 2,4-D + deltamethrin + carbendazim 

(2.93 mg/g), 2,4-D + imidacloprid + carbendazim 

(2.98 mg/g) and deltamethrin alone (2.53 mg/g) on 

PTB33 resulted in significant increase in free amino 

acid titer as compared to PTB 33 without any 

treatment. The free amino acid content in the 

susceptible TN1 plant got significantly reduced 

wherever the plants received neem seed powder and 

Calotropis leaves (1.65 mg/g) as soil amendments in 

which the level of free amino acid was compared to 

that of resistant PTB33 plants. However, there was no 

change in free amino acid content where ever the 

resistant PTB33 received neem seed powder and 

Calotropis leaves as soil amendments. 

The higher C/N ratio (4.32 for resistant PTB33) was 

invariably associated with increased fitness of the 

plant for BPH attack and decline of C/N in rice plant 

is an important factor that stimulates BPH feeding. 

The C/N ratio was comparatively high in the resistant 

PTB 33 alone (4.32), PTB 33 applied with 

carbendazim (4.35), imidacloprid (4.50), Calotropis 

leaves (4.38) but was low in PTB 33 applied with 

2,4-D (3.22), 2,4-D + carbendazim (2.73), 

deltamethrin (3.82), 2,4-D + deltamethrin + 

carbendazim (3.52), 2,4-D + imidacloprid + 

carbendazim (2.3), excess urea (2.18). In the 

susceptible TN1 the C/N ratio was low (3.72) and the 

application of neem seed powder + Calotropis leaves 

increased the C/N ratio (4.5) which was on par with 

resistant PTB 33. The present results are in 

confirmation with the earlier results [17, 18] who 

reported less amino acid content in resistant varieties 

than that in susceptible ones. Suri and Singh [19] 

reported that there was a positive correlation between 

increased levels of amino acids in the rice plants and 

fecundity of S. furcifera obviously resulting from 

improvement in the nutritional quality of the host 

plant. 

3.1.3 Changes in Phenol Content 

Phenols are known for their feeding deterrent 

effects against insects. The total phenol content 

measured in resistant PTB33 (7.5 mg/g dry wt), 

susceptible TN1 (5.86 mg/g dry wt) and the popular 

variety Swarna (5.57) in the present study was not 

significantly different. Further, treatment of these 

varieties with different xenobiotics and botanicals also 

did not significantly alter their total phenol content.  

However, the phenol content of the resistant PTB 33 

alone and those treated with xenobiotics was higher 

compared to the susceptible TN1 and Swarna varieties 

alone and treated with xenobiotics (Table 2). Emanuel 

et al. [20] reported 1.57 to 1.16 times more phenols in 

rice genotypes resistant to S. furcifera as compared to 

the susceptible variety TN1. The present results are in 

conformity with the above findings. Significantly 

lower honeydew excretion (13 mm2 area) in the BPH 

nymphs was observed on resistant PTB33 variety 

compared to susceptible TN1 and Swarna varieties 

(116 mm2 and 110 mm2 respectively). There was no 

increase in honeydew excretion by BPH where the 

PTB33 plants were sprayed with imidacloprid (8.3 

mm2). Excessive honeydew excretion was recorded 

due to increased feeding by BPH on PTB 33 plants 

treated with high dose of nitrogenous fertilizer, i.e., 

urea (47.0 mm2), 2,4-D plus carbendazim (74.3 mm2), 

deltamethrin (65.6 mm2). The honeydew excretion in 

BPH was reduced significantly in the susceptible 

plants TN1 and Swarna upon application of soil 
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amendments such as neem seed powder + Calotropis 

leaves (58.3 and 34.6 mm2, respectively) compared to 

untreated control plants (112.6 and 110.6, Table 3).  

The honeydew excretion of BPH adults was 

significantly less (35.6 mm2) while feeding on the 

resistant PTB33 plants as compared to 4.8 and 2.8 fold 

excessive excretion upon feeding on Swarna (244 

mm2) and TN1 (425.3 mm2) plants. The honeydew 

excretion in BPH adults was significantly increased 

due to feeding on PTB 33 plants treated with 

deltamethrin (376.6 mm2), whereas imidacloprid (19 

mm2) and soil amendment with neem seed powder 

(16.3 mm2) recorded significantly lower honeydew 

excretion. The amount of honeydew excretion on 

susceptible varieties TN1 and Swarna which received 

neem seed powder and Calotropis as soil amendments 

(132 mm2 and 127.3 mm2, respectively) got reduced 

significantly over their respective untreated control 

plants. In susceptible TN 1 variety, the sucrose 

content was significantly higher (9.35 mg/g tissue) 

compared to BPH resistant PTB33 (5.32 mg/g tissue). 

Treatment of PTB 33 with either imidacloprid spray 

(5.9 mg/g tissue) or Calotrpis leaves (5.65 mg/g tissue) 

or neem seed powder (5.32 mg/g tissue) as soil 

amendments also recorded lower sucrose content 

whereas treatment of PTB 33 plants with either 

deltamethrin alone (9.66 mg/g tissue) or its 

combination with 2,4-D and carbendazim (10.3 mg/g 

tissue) significantly increased the plant sucrose 

content. Application of neem seed powder + 

Calotropis leaves (T14) as soil amendments decreased 

the sucrose content to 7.42 mg/g tissue compared to
 

Table 3  Toxicity of imidacloprid to the BPH developed on rice varieties that received various xenobiotic applications. 

Tr. No. Treatment details 
Cumulative percent mortality of BPH 

24 h 48 h 72 h 96 h 120 h 

T1 PTB 33 (resistant variety) 
26.6c
(30.2) 

50.0cd 
(45.0) 

50.0cd 
(45.0) 

50.0cd 
(45.0) 

60.0cd 
(51.1) 

T2 TN 1 (susceptible variety) 
46.6bcd 
(43.0) 

50.0cd 
(45.0) 

50.0cd 
(45.0) 

60.0bcd 
(51.1) 

70.0bcd 
(57.0) 

T3 Swarna (popular variety) 
86.6a 
(71.6) 

89.9a 
(74.4) 

89.9a 
(74.4) 

93.2a 
(80.0) 

93.2a 
(80.0) 

T4 PTB 33 + 2,4-D 
13.3e 
(17.5) 

16.6e 
(20.2) 

16.6e 
(20.2) 

30.0d 
(33.3) 

46.6d 
(43.0) 

T5 PTB 33 + carbendazim 
70.0abc 
(57.7) 

80.0abc 
(64.6) 

80.0abc 
(64.6) 

80.0abc 
(64.6) 

80.0abc 
(64.6) 

T6 PTB 33 + 2,4-D + carbendazim 
76.6ab 
(65.5) 

83.3ab 
(69.4) 

83.3ab 
(69.4) 

83.3ab 
(69.4) 

83.3abc 
(69.4) 

T7 PTB 33 + deltamethrin 
13.3e 
(18.0) 

40.0de 
(39.1) 

40.0de 
(39.1) 

43.3d 
(41.1) 

63.3cd 
(53.0) 

T8 
PTB 33 + 2,4-D + deltamethrin + 
carbendazim 

46.6bcd 
(42.7) 

60.0abcd 
(51.8) 

60.0abcd 
(51.8) 

86.6a 
(75.7) 

86.6ab 
(75.7) 

T9 PTB 33 + imidacloprid -     

T10 
PTB 33 + 2,4-D + imidacloprid  + 
carbendazim 

36.6cde 
(36.9) 

56.6bcd 
(48.9) 

56.6bcd 
(48.9) 

60.0bcd 
(50.8) 

60.0cd 
(50.8) 

T11 PTB 33 + Calotropis leaves 
40.0cde 
(38.8) 

56.6bcd 
(49.2) 

56.6bcd 
(49.2) 

60.0bcd 
(51.1) 

70.0bcd 
(57.0) 

T12 PTB 33 + neem seed powder 
36.6cde 
(37.0) 

43.3cde 
(41.0) 

43.3cde 
(41.0) 

50.0cd 
(45.0) 

66.6bcd 
(55.0) 

T13 PTB 33 + excessive nitrogen fertilization 
36.7cde 
(36.9) 

66.6abcd 
(59.4) 

66.6abcd 
(59.4) 

76.0abc 
(65.2) 

76.0abc 
(65.2) 

T14 
TN 1 + neem seed powder + Calotropis
leaves 

66.6abc 
(59.3) 

73.3abc 
(63.3) 

73.3abc 
(63.3) 

83.3ab 
(69.4) 

83.3abc 
(69.4) 

T15 
Swarna + neem seed powder + Calotropis
leaves 

56.6abcd 
(49.2) 

63.3abcd 
(53.0) 

63.3abcd 
(53.0) 

80.0abc 
(64.6) 

80.0abc 
(64.6) 

SE 
LSD (0.05) 

7.9 
23.0 

8.1 
23.6 

8.1 
23.6 

7.4 
21.3 

7.3 
21.1 

Means followed by the same letters in the same column are not significantly different at P > 0.05 (LSD, SAS Institute 2006). 
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TN1 (T2) alone (9.35 mg/g tissue). 

4. Conclusions 

In the present study, the BPH resistant PTB 33 

variety exhibited significantly lower free amino acid 

content (1.23 mg/g tissue) as compared to TN1 (2.51 

mg/g). The excessive urea application induced the 

resistant PTB33 plant to release more free amino acid 

in the cell sap (3.0 mg/g tissue). The free amino acid 

content in the susceptible TN1 plant got significantly 

reduced wherever the plants received neem seed 

powder and Calotropis leaves (1.65 mg/g) as soil 

amendments in which the level of free amino acid was 

compared to that of resistant PTB33 plants. The C/N 

ratio was comparatively high in the resistant PTB33 

alone (4.32), but was low in PTB33 applied with 

2,4-D + carbendazim (2.73), 2,4-D + imidacloprid + 

carbendazim (2.3), excess urea fertilizer (2.18). In the 

susceptible TN1 (T2), the C/N ratio was low (3.72) 

and the application of neem seed powder + Calotropis 

leaves (T14) increased the C/N ratio (4.5) which was 

on par with resistant PTB33. 

The total phenol content measured in resistant 

PTB33 (7.5), susceptible TN1 (5.86) and the popular 

variety Swarna (5.57) in the present study were almost 

same and no statistical difference was observed. 

Further, treatment of these varieties with different 

xenobiotics and botanicals also did not significantly 

alter their total phenol content. However, the phenol 

content of the resistant PTB33 alone and treated with 

xenobiotics was higher compared to the susceptible 

TN1 and Swarna varieties alone and treated with 

xenobiotics. The population build up and feeding rate 

of BPH was more in the susceptible TN1 and Swarna, 

PTB33 treated with 2,4-D and deltamethrin. It was 

low in untreated PTB33 and PTB33 treated with 

imidacloprid. The plant biochemical constituents such 

as free amino acids, sucrose were lower in untreated 

resistant PTB33 compared to susceptible TN1, and 

PTB33 treated with urea and deltamethrin. The high 

feeding rate and population build up on the 

susceptible variety TN1 is positively correlated with 

high quantities of sucrose, free amino acids and lower 

quantities of phenols and low C/N ratio.  
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