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Abstract 
Plant hopper causes substantial losses to both dry and wet season rice in India necessitating increased 

dependency on chemical pesticides contributing to environmental pollution. It is hypothesized that 

application of silicon can enhance the level of efficacy of insecticides by inducing resistance in the crop 

against these sucking pests and minimize the use of harmful pesticides. A field trial was carried out in 

Odisha University of Agriculture and Technology during rabi’ 2017 to evaluate the performance of 

combined action of insecticides and diatomaceous earth, an organic source of silicon, applied at 300 kg 

ha-1 as basal one day before transplanting in comparison to the silicate fertilizer alone as standard check 

and untreated control. The experiment could establish the resistance inducing ability of diatomaceous 

earth and its compatibility with dinotefuran and acephate in arresting the hopper build up to 4.37 to 7.60 

hill-1 compared to 22.47 hill-1 in rice. Spraying of acephate alone failed miserably in controlling this pest 

with a maximum incidence of 19.60 hill-1 but showed synergistic action when combined with the silicate 

fertilizer reducing the hopper population to 2.00 hill-1 as against 2.57 and 34.33 hill-1 in standard check 

and untreated control respectively thus, exhibiting the importance of combined action of exogenous 

application of silicon and acephate in reducing hopper severity in rice. 
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1. Introduction 

Rice [Oryza sativa L.], one of the important cereal crops, is the staple food for over half the 

world's people and accounts for second largest cereal production after maize with over 740 

million tonnes. India alone produces 159 million tonnes of paddy and contributes 20 per cent 

of the total rice consumed throughout the world (FAO, 2016) [4]. However, the productivity is 

one of the lowest (36.95 q ha-1), which is mainly attributed to various biotic stress of which 

insect pests are severe constraints. Rice in India is ravaged by an array of insect pests amongst 

which, brown plant hopper (BPH), Nilaparvata lugens (Stal) and white backed plant hopper 

(WBPH), Sogatella furcifera (Horvath) have been reported to cause substantial loss to the 

crop. Both nymph and adult hoppers cause plant damage through massive desapping leading to 

yellowing of leaves and ultimate drying under severe infestation producing hopper burn 

symptoms. In order to tackle these pests farmers mostly rely on use of chemical insecticides, 

which results in severe harmful consequences including environmental pollution and human 

health hazards. Hence, to have a long term solution and wider applicability, integrated pest 

management (IPM) involving eco-friendly tactics such as use of safer pesticides coupled with 

crop management should be developed (Hao et al. 2008) [7] as an alternative strategy.  

Dinotefuran, a new molecule belonging to third generation neo-necotinoid group and 

buprofezin, a chitin inhibitor are widely used by the farmers for controlling plant hoppers in 

rice. Earlier reports suggest that buprofezin and dinotefuran are effective against plant hoppers 

with low risks to environment including human beings (Krishnaiah et al. 1996) [9] and 

predators (Ghosh et al. 2014) [5] in rice ecosystem respectively. Now, their combination 

product has been developed, with the prime objective of providing greater efficacy and longer 

suppression of hoppers infesting rice.  

Silicon (Si) on the other hand is a functional element and reported to have a role in inducing 

resistance against insect pests in rice (Panda et al. 1975) [11]. Rice being a good Si-accumulator 

(Yamamoto et al. 2012) [18] actively stimulates defense mechanisms, enhancing host resistance 

to a wide range of abiotic and biotic stresses (Ma and Yamaji, 2006) [10]. This experiment was 

therefore conducted to study the combined effect of exogenous application of silicon along with 
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insecticides for effective suppression of plant hoppers in rice. 

  

2. Materials and Methods 

The field trial was laid out in a randomized complete block 

design with three replications during rabi’ 2017. Twenty - one 

- day old seedlings (cv. TN1) were transplanted in 20 m2 plots 

at 15 cm x 20 cm spacing following local recommended 

practices. Treatments comprised spraying of dinotefuran 20 

SG, buprofezin 25 SC, (dinotefuran + buprofezin) 58 WG and 

acephate 75 SP at 200 800, 320 and 667 g or ml/ha 

respectively alone and in combination with soil basal 

application of diatomaceous earth (DAE) at 300 kg/ha. DAE 

an organic source of silicon containing sea diatoms having 

63.7 % SiO2, which was found promising as a soil 

ameliorating agent against various stresses (Rojht et al. 2010) 

has been used in this experiment and crop response to various 

treatments against plant hoppers was compared with Si 

supplements through DAE alone and untreated check (water 

spray). DAE was soil incorporated during final puddling, a 

day prior to transplanting, whereas test insecticides were 

sprayed by knapsack sprayer using 500 liters of water ha-1 at 

30 and 52 days after transplanting (DAT). population 

assessment of hoppers was done at one day before and 3, 7, 

14, and 21 days after (DAS) each spraying through visual 

counting of nymph and adult on ten randomly selected hills in 

each plot leaving two border rows from all sides. Plot wise 

grain yield was recorded leaving border rows and hectare 

yield was computed. Data were then subjected to statistical 

analysis and test of significance was done through ANOVA 

following Gomez and Gomez (1984) [6] for proper 

interpretation. 

 

3. Results and Discussion 

Hopper population (mixed BPH and WBPH), as influenced 

by various treatments at different growth stages of plant have 

been presented in Table 1. Treatment variation was non-

significant at early vegetative stage, one day before and three 

days after the first scheduled 30 DAT spraying. Thereafter, 

the population started slowly building up from 7 DAS 

onwards with an incidence of 3.97 hoppers hill-1 in untreated 

check but with a significantly lower pest load in all treatments 

except acephate. Ten days after however, this molecule 

coupled with Si amendment could effectively restrict the 

hoppers to1.2 hill-1 as against 3.53 in control. Rest of the 

treatments including DAE alone could keep the hopper 

population under check effectively. Role of DAE is supported 

by earlier report of Salim and Saxena (1992) [13] suggesting 

silicon application in rice decreased the food intake, growth 

longevity, fecundity and population growth of white backed 

plant hopper, Sogatella furcifera. Chandramani et al. (2009) 

[2] further opined that presence of high silica content in plant 

enhanced phenol and tannin content in stem and leaf and thus, 

was effective against BPH in rice. Two weeks after first 

spraying, dinotefuran and buprofezin and their combination 

product with or without silicon amendment showed superior 

performance with 2.2 - 5.31 hoppers hill-1 compared to 12.8 

hill-1 in control. At the peak activity of hoppers (21 DAT) 

silicon amended plots receiving dinotefuran, buprofezin and 

acephate were found highly promising with a population 

record of 8.73-17.17 hill-1 as against 25.53 hoppers hill-1 in 

control. The silicate fertilizer alone on the other hand 

exhibited its resistance inducing ability against these hoppers 

registering 11.44 hoppers hill-1 which, remained on par with 

above insecticide added treatments. This enhanced plant 

defense against planthoppers due to exogenous application of 

Si in rice has earlier been reported (Yang et al. 2014, He et al. 

2015, Wu et al. 2017, Yang et al. 2017 a, b) [21, 8, 17, 19, 20]. With 

special reference to BPH, Sujatha et al. (1987) [16] reported 

that the silicon content of rice plants can positively promote 

the resistance under field situation. As per Yoshihara et al. 

(1979) [22] the soluble silicic acid found in resistant rice 

varieties is the major factor inhibiting the population growth 

of BPH. It is presumed that poor population growth of BPH 

on Si amended plants may be because of reduced fecundity 

and nymphal survival rate as reported by He et al. (2015) [8].  

High population build up necessitated second spraying at 52 

DAT revealing the cumulative impact of insecticidal sprays in 

various treatments in the subsequent observations. Three days 

after second spray (55 DAT), the impact of basal application 

of DAE continued to exhibit its ability to restrict hopper 

incidence. This organic product alone could arrest the pest 

and the efficacy remained on par with those of combined 

action of DAE and dinotefuran or acephate registering 4.37 to 

7.6 hoppers hill-1 compared to 22.47 hoppers hill-1 in 

untreated check. Enhanced toxicity of dinotefuran, 

buprofezin, acephate and combination product due to DAE 

amendment was distinctly observed at seven days after second 

spraying with a record of 3.1 – 6.0 hoppers hill-1 as against 

32.23 hoppers hill-1 in control. On the other hand, acephate 

alone, that miserably failed (15.67 hill-1) to restrict the 

hoppers, displayed its synergistic action with DAE in 

containing the pest build up (3.2 hill-1). The trend was 

maintained at 10 days after second spray, with a 

corresponding population of 19.6 and 2.0 hill-1 respectively as 

against 34.33 hoppers hill-1 in control and 2.57 hill-1 in plots 

with DAE alone. However, acephate as an effective 

insecticide against BPH has earlier been reported by Bhavani 

and Rao (2005) [1].  

Subsequent observations showed the supremacy of 

dinotefuran spray either alone or in combination with DAE 

with 0.6 – 3.83 hoppers hill-1. The enhanced efficacy of 

acephate sprays in silicon amended plots restricting the 

hoppers population by fifty percent over acephate alone was 

observed even at the crop maturity (Table 1). The trend was 

also clearly evident from mean data highlighting the role of 

DAE alone and in combination with insecticides. As 

explained earlier this may be because of the fact that plants 

with higher silicon content in their tissues had a higher level 

of resistance to rice pests (Savant et al. 1997) [14]. According 

to Panda et al. (1975) [11] the larvae of rice yellow stem borer, 

brown plant hopper and leaf roller were unable to attack rice 

plants which became resistant because of high Si content in 

the stems, which support the present finding. The insect 

midgut epithelium plays an important role in food digestion 

and is an important cite for insecticide detoxification 

(Smagghe and Tirrym, 2001) [15]. It is presumed that Si could 

damage the ultrastructure of the midgut epithelium through 

the separation of epithelial layer from the basement 

membrane as observed in larvae of leaf miner of tomato (Dos 

Santos et al. 2015) [3]. This negatively affects the growth and 

development of insect and prevents insects from developing 

resistance to insecticides producing its additive effect with 

that of Si. Impact of different treatments on grain yield was 

also clearly evident with a greater contribution from DAE as 

soil ameliorating agent and its resistance inducing capability 

against plant hoppers with a record of 3.0 – 8.5 q ha-1 

incremental yields over corresponding insecticide alone, the 

highest being in combination with acephate. 
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Table 1: Effect of insecticides and DAE on the incidence of plant hoppers in rice during rabi, 2017 
 

Treatment details 
Mixed population of BPH and WBPH (numbers hill-1) 

First spray Second spray 

Treatments Dose 
1  

DBS 

3  

DAS 

7  

DAS 

10  

DAS 

14  

DAS 

21  

DAS 

3  

DAS 

7  

DAS 

10  

DAS 

14  

DAS 

21  

DAS 
Mean 

Grain 

yield 

(q/ha) 

T1: (Dinotefuran 

+ Buprofezin) 58 

WDG 

320g/ha 
1.10 

(1.24) 

0.13 

(0.79) 

1.70 

(1.48) 

2.05 

(1.58) 

5.30 

(2.40) 

17.87 

(4.26) 

14.60 

(3.86) 

7.13 

(2.75) 

2.73 

(1.78) 

4.47 

(2.22) 

6.73 

(2.68) 
6.27 38.33 

T2: Dinotefuran 

20 SG 
200g/ha 

1.20 

(1.30) 

0.00 

(0.71) 

0.20 

(0.84) 

2.37 

(1.69) 

4.37 

(2.20) 

19.47 

(4.46) 

9.63 

(3.18) 

3.53 

(2.00) 

1.13 

(1.27) 

0.73 

(1.11) 

0.60 

(1.04) 
4.20 39.00 

T3: Buprofezin 25 

SC 
800ml/ha 

0.80 

(1.14) 

0.20 

(0.83) 

1.53 

(1.40) 

0.87 

(1.17) 

2.20 

(1.63) 

21.73 

(4.70) 

17.60 

(4.23) 

12.87 

(3.59) 

8.73 

(3.02) 

11.60 

(3.46) 

16.20 

(4.07) 
9.35 36.60 

T4: Acephate 75 

SP 
667g/ha 

0.97 

(1.20) 

0.33 

(0.88) 

3.57 

(1.99) 

3.03 

(1.87) 

11.70 

(3.46) 

22.00 

(4.73) 

11.93 

(3.48) 

15.67 

(3.98) 

19.60 

(4.46) 

18.57 

(4.35) 

22.03 

(4.73) 
12.84 33.63 

T5: (Dinotefuron 

+ Buprofezin) 58 

WDG + DAE 

320g/ha + 300kg/ha 
1.47 

(1.38) 

0.07 

(0.75) 

0.16 

(0.81) 

1.50 

(1.40) 

5.27 

(2.40) 

25.33 

(5.07) 

10.10 

(3.24) 

3.10 

(1.88) 

1.43 

(1.38) 

5.98 

(2.53) 

9.97 

(3.23) 
6.29 41.90 

T6: Dinotefuran 

20 SG +DAE 
200g/ha + 300kg/ha 

2.27 

(1.64) 

0.13 

(0.79) 

0.13 

(0.79) 

0.40 

(0.92) 

8.75 

(3.02) 

8.73 

(3.02) 

4.37 

(2.19) 

3.17 

(1.89) 

3.40 

(1.97) 

3.83 

(2.06 

3.63 

(2.02) 
3.65 45.00 

T7: Buprofezin 25 

SC + DAE 
800ml/ha + 300kg/ha 

1.20 

(1.28) 

0.20 

(0.83) 

0.47 

(0.98) 

0.60 

(1.02) 

5.30 

(2.40) 

17.17 

(4.18) 

10.60 

(3.29) 

5.97 

(2.54) 

5.53 

(2.44) 

10.70 

(3.33) 

14.97 

(3.92) 
7.15 40.10 

T8: Acephate 75 

SP + DAE 
667g/ha + 300kg/ha 

1.13 

(1.24) 

0.13 

(0.79) 

2.10 

(1.60) 

1.20 

(1.30) 

7.37 

(2.79) 

8.20 

(2.93) 

5.60 

(2.46) 

3.12 

(1.89) 

2.00 

(1.58) 

9.30 

(3.12) 

11.33 

(3.41) 
5.05 42.10 

T9: Diatomaceous 

earth (DAE) 
300kg/ha 

0.63 

(1.02) 

0.47 

(0.97) 

1.73 

(1.46) 

1.20 

(1.30) 

4.47 

(2.21) 

11.40 

(3.41) 

7.60 

(2.84) 

6.00 

(2.54) 

2.57 

(1.74) 

8.15 

(2.92) 

11.20 

(3.39) 
5.48 36.83 

T10: Untreated 

check 
- 

1.23 

(1.31) 

0.80 

(1.13) 

3.97 

(1.88) 

3.53 

(2.00) 

12.80 

(3.64) 

25.53 

(5.10) 

22.47 

(4.77) 

32.23 

(5.69) 

34.33 

(5.90) 

41.00 

(6.43) 

34.50 

(5.88) 
21.12 30.53 

SE(m) ± 
 

0.137 0.089 0.231 0.107 0.204 0.262 0.236 0.270 0.137 0.218 0.253 
 

1.232 

CD (P ≤ 05) 
 

NS NS 0.69 0.32 0.60 0.78 0.70 0.80 0.41 0.65 0.75 
 

3.66 

Figures in parantheses are the transformed √(x+0.5) values DBS: day before spraying DAS: days after spraying 

 

4. Conclusion 

The experiment could establish the promising effect of DAE 

at 300 kg ha-1as an organic source of silicon in inducing 

resistance in rice plant against the plant hoppers and its 

compatibility with insecticides like dinotefuran and 

combination product of dinotefuran+buprofezin for providing 

additive effects and with acephate for a synergistic effect in 

arresting the hopper build-up in rice ecosystem. Thus, 

exogenous application of diatomaceous earth can very well be 

recommended to farmers as an eco-holistic approach for 

effective integration into the pest management system in rice 

particularly in hopper endemic pockets.  
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