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ABSTRACT 

The response of rice genotypes to yellow stem borer Scirpophaga incertulas (Walker) infestation under 
natural climatic conditions was evaluated during kharif 2018-19 and 2019-20 at BHU, Varanasi. Findings 
revealed that deadhearts and white earheads caused by S. incertulas (Walker) varied significantly, 
indicating the presence of resistance-susceptibility. The dead hearts was significantly lower in resistant 
genotypes BRRI DHAN-64 (1.49%) and IR82475-110-2-2-1-2 (2.00%). The susceptible TN1 (17.45%), 
Swarna (14.98%), and IR-92960-75-1-3 (14.58%) had the highest amount of deadhearts. The least white 
earheads was recorded in IR82475-110-2-2-1-2 (1.16%) and AKSHYADHAN (1.19%), however the 
maximum percent of white earheads was observed in TN1 (13.37%), SWARNA (11.22%) and IR-92960-
75-1-3 (9.87%). Infestation was significantly and positively correlated with total sugar, crude protein and
total free amino acid; showed significant negative correlation with phenol, crude silica tannin.

Key words: Oryza sativa, germplasms, biochemical, total sugar, phenol, crude silica, crude proteins, total free 
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Rice (Oryza sativa Linnaeus) is a staple food for 
more than half of the world's population and requires 
a warm, humid climate that promotes the growth of 
insect pests (Sharma et al., 2023; Andargie et al., 2024). 
In Asia's rice ecosystem, over 250 insect pests and 
350 beneficial arthropod species have been recorded 
(Sharma and Raju 2019; Raju et al., 2021). In India, 
out of more than 100 insect pests, twenty insect species 
are considered economically important because they 
cause severe damage to rice production (Sharma et 
al., 2018; Sharma et al., 2019; Ali et al., 2020). In the 
last two decades, rice crop yield losses have increased 
due to widespread outbreaks of certain insect pests of 
rice in the Indian subcontinent, especially yellow stem 
borer (Scirpophaga incertulas Walker) (Lepidoptera: 
Pyralidae), which cause millions of rupees in losses 
every year and threaten food security (Dash et al., 
2020).  S. incertulas is one of the most notorious 
and monophagous pests and its larvae infest the rice 
crop (Jeer et al., 2018). Crop yield losses could range 
between 10 and 90% (Vennila et al., 2019). 

Interestingly, insect resistant varieties are pivotal 
for IPM and its compatibility with other methods play 
a major role in ecofriendly IPM (Pal et al., 2021; Rani 

et al., 2020). The resistance factors need to be explored. 
In several cases the accumulation of biochemical 
compounds in plants follow herbivory, and these 
biochemical constituents serve as sources of resistance 
(Sandhu et al., 2020). Thus, biochemical studies of 
rice genotypes will help to confirm the physiological 
antibiosis of germplasm. The current study is to examine 
the defensive response of rice genotypes to S. incertulas 
infestation. 

MATERIALS AND METHODS 

Fifty rice genotypes were sown in nursery beds, 
including two susceptible checks (Swarna and TN1), 
and screened out during two consecutive years kharif 
2018-19 and 2019-20 at the Agricultural Research Farm, 
Banaras Hindu University, Varanasi. All genotypes 
were obtained from the Department of Genetics and 
Plant Breeding at BHU, Varanasi and the defensive 
responses of rice genotypes were determined under open 
field conditions. Seedlings were grown in natural open 
fields without any pest protection measures. After the 
21 days of sowing, the test genotypes were transplanted 
in three rows of 2 m  by 15 x 20 cm distance using a 
randomized block design with three replications. The 
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susceptible checks were transplanted after every 30 
rows of test genotypes. The incidence of deadheart 
(percentage) and white ear were observed during the 
crop's vegetative (35 days DAT) and reproductive 
(70 days DAT) stages, respectively. The observations 
were taken at five randomly selected hills per entry and 
% damage was calculated. Standard protocols were 
used to assess the biochemical constituents in rice 
leaves. During the crop's booting stage, leaf samples 
were collected and brought to the laboratory for the 
estimation of total sugars, phenols, tannins, and total 
free amino acids using the methods of Bray and Thorpe 
(1954) and Moore and Stein (1948). Methods suggested 
by Piper (1945) analysed the crude protein, and Yoshida 
et al. (1959) estimated the crude silica. The field data 
were subjected to ANOVA and Pearson's correlation, 
Tukey's test (p=0.05) and principal component analysis 
to identify the key plant traits responsive to infestation 
and its development using IBM SPSS (version 27). 

RESULTS AND DISCUSSION 

The result revealed that among 50 genotypes  
studied, of deadhearts  varied from 1.49 to 17.45% 
and none of the genotypes was found to be free 
(Table 1). Among the genotypes screened, lowest 
infestation was recorded in BRRI DHAN-64 (1.49%) 
and IR82475-110-2-2-1-2 (2.00%). On the contrary, 
highest infestation was recorded in susceptible check 
variety TN1 (17.45%) and Swarna (14.98%). During 
reproductive stages the lowest infestation was found in 
IR82475-110-2-2-1-2 (1.16%), which was at par with 
Akshyadhan; conversely, the maximum was observed in 
susceptible check variety TN1 (13.37%) and SWARNA 
(11.22%). Eight rice genotypes were categorized 
as resistant (R), 17 were moderately resistant, 10 
genotypes were moderately susceptible (MS), five 
genotypes were susceptible (S) and ten genotypes, 
including two check varieties were highly susceptible 
(HS) at vegetative stage (Table 1). Two varieties, 
IR82475-110-2-2-1-2 and Akshyadhan, showed the R 
category. Sixteen genotypes were graded as MR, while 
15 genotypes exhibited as MS; and nine genotypes were 
graded as S and the remaining genotypes, including two 
susceptible checks, proved to be HS. Several researchers 
studied rice lines/ entries/ genotypes and varieties for 
resistant (Amsagowri et al., 2018; Balaji et al., 2024); 
Paramasiva et al., 2021; Mandloi et al.,2018; Rani et 
al., 2020) investigated 28 advanced rice cultures and 
discovered that eighteen were resistant. Nalla (2020) 
tested 196 rice accessions and observed five entries viz., 
40 (OR 2324-8), 160 (RTN 62-6-7-1), 140 (CR 2698), 

60 (HUR-913), and 150 (CN 1561-70-19-35-9-MLD 1) 
were resistant. Mishra and Singh (2019) tested eighteen 
rice germplasms and found Purrendu and IET20042 
were resistant. 

Interestingly, after the yellow stem borer infestation; 
there were many significant changes in the content 
of different biochemical traits (Table 2). Resistant 
genotypes AKSHYADHAN (12.72 mg/ g) had 
significantly lower total sugar content than highly 
susceptible genotypes TN1 (31.36 mg/ g). Total phenol 
content was significantly higher in the highly resistant 
genotypes IR82475-110-2-2-1-2 (9.33 mg/ 100g) and 
lowest total phenol content was found in susceptible 
BLACK GORA (4.17 mg/ 100g). Crude silica content 
in susceptible genotypes IR-92978-192-1-2 (CR-306) 
has the lowest (6.98%), and AKSHYADHAN having 
the highest (13.87%) infestation. The crude protein 
content was significantly lower in the resistant genotype 
IR82475-110-2-2-1-2 (2.16 mg/ g) and higher in the 
susceptible genotype BANSPHUL (7.81 mg/ g). The 
total free amino acids were found lowest (12.27 mg/ 
g) in resistant genotype CGZR-1, while the highly 
susceptible genotype DDR-42 had the highest total free 
amino acids content (27.11 mg/ g). Similarly, tannin 
content was significantly lower in the highly susceptible 
genotypes IET-20556 (0.43 mg/ g) than in the resistant 
genotypes HUR-105 (5.11 mg/ g). Numerous studies 
have found that plant biochemicals play an important 
role in insect pest resistance and damage prevention. 
These compounds inhibit insect growth via metabolic 
activity (War et al., 2012; Amsagowri et al., 2018). 

Further in the present investigation, infestation 
of S. incertulas Walker showed significant positive 
correlation with total sugar (r = 0.367** with dead 
hearts and 0.504** with white earhead), crude protein 
(r = 0.811** with dead hearts and 0.867** with white 
earhead), total free amino acid (r = 0.827** with dead 
hearts and 0.878** with white earhead). Conversely, 
the infestation of S. incertulas Walker was significantly 
negatively correlated with phenol (r = -0.459** with 
dead hearts and -0.624** with white earhead), crude 
silica tannin (r = -0.605** with dead hearts and 
-0.704**with white earhead) and tannin (r = -0.807** 
with dead hearts and -0.875**with white earhead). 
As a result, total sugar, crude protein and total free 
amino acids were found to be related to susceptibility 
to S. incertulas Walker infestation as they favoured 
the development and growth of S. incertulas Walker. 
Whereas phenols, crude silica, and tannins content in 
leaves lowered the S. incertulas Walker infestation and 
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Table 1. Response of rice genotypes against S. incertulas infestation under  
open field condition during kharif 2018-19 and 2019-20 (Pooled data) 

#Genotypes
Damage (%) at vegetative stage        Damage (%) at   reproductive stage                                  

#DH D Value Response #WE D Value Response 
HUR-105 2.20*(8.47)** 13.56 R 1.54 (7.09) 12.52 MR 
IR82475-110-2-2-1-2 2.00 (7.95) 12.33 R 1.16 (6.17) 9.43 R 
Sahbhagidhan 5.14 (13.09) 31.66 MR 2.88 (9.75) 23.41 MR 
NDR-97 10.10 (18.47) 62.24 S 4.73 (12.49) 38.46 MS 
Kalamkati: IRGC 45975-1 3.03 (9.77) 18.65 R 3.44 (10.67) 27.97 MS 
Sambha Mansoori 7.09 (15.41) 43.68 MS 5.70 (13.79) 46.34 S 
BRRI DHAN-72 4.89 (12.74) 30.15 MR 2.71 (9.45) 22.03 MR 
HUR-3022 11.91 (22.29) 73.43 S 9.39 (17.82) 76.34 HS 
HUBR-10-9 7.10 (15.32) 43.74 MS 5.15 (13.07) 41.87 S 
Pusa Basmati-1 6.82 (14.97) 42.02 MS 1.52 (7.05) 12.36 MR 
IET-22218 13.35 (21.16) 84.80 HS 6.07 (14.26) 49.35 S 
IET-20556 14.21 (23.13) 87.61 HS 9.02 (17.02) 74.80 HS 
IET-22225 9.60 (18.04) 59.19 MS 3.32 (10.38) 26.99 MS 
HUR-5-2 13.99 (21.95) 86.25 HS 5.64 (13.65) 45.85 S 
HUR-4-3 6.47 (14.44) 39.89 MR 4.65 (12.15) 37.80 MS 
UGR-1 5.65 (13.71) 34.83 MR 2.54 (9.14) 20.65 MR 
UGR-5 4.15 (11.66) 25.55 MR 1.71 (7.45) 13.90 MR 
Nagina-22 6.21 (14.13) 38.29 MR 2.03 (8.18) 16.50 MR 
Brri Dhan-64 1.49 (7.00) 9.19 R 2.50 (8.90) 20.33 MR 
Gora White 10.10 (18.50) 62.24 S 3.85 (11.25) 31.30 MS 
Bansphul 14.06 (21.99) 86.56 HS 6.58 (14.84) 53.50 S 
CGZR-1 2.82 (9.48) 17.39 R 1.91 (7.79) 15.53 MR 
R-RHZ-7 6.68 (14.79) 41.15 MS 4.96 (12.81) 40.33 MS 
IR 96248-16-3-3-2B 5.11 (13.03) 31.47 MR 2.64 (9.32) 21.46 MR 
Saryu-52 8.84 (17.26) 54.47 MS 4.51 (12.24) 36.67 MS 
MTU-1010 4.74 (12.56) 29.19 MR 3.35 (10.53) 27.24 MS 
Dudh Kandar 7.51 (15.84) 46.27 MS 4.25 (11.87) 34.55 MS 
Sathi 9.32 (17.75) 57.43 MS 2.58 (9.23) 20.98 MR 
IR-96248-16-3-3-1B 14.54 (22.39) 89.64 HS 7.66 (16.03) 62.28 HS 
Pantdhan-12 2.75 (9.18) 16.92 R 1.65 (7.29) 13.41 MR 
Akshyadhan 3.30 (10.45) 20.31 R 1.30 (6.49) 10.57 R 
NDR-359 9.79 (18.21) 60.36 MS 6.98 (15.31) 56.75 S 
Rajendra kasturi 6.41 (14.64) 39.49 MR 4.58 (12.35) 37.24 MS 
Baranideep 4.07 (11.43) 25.06 MR 3.36 (10.55) 27.32 MS 
Black Gora 9.79 (18.21) 60.33 MS 7.21 (15.57) 58.62 S 
IR-92960-75-1-3 14.58 (22.42) 89.89 HS 9.87 (18.27) 80.24 HS 
IR-92978-192-1-2(CR-306) 13.40 (21.45) 82.58 HS 9.74 (18.16) 79.19 HS 
AZUCENA 5.62 (13.67) 34.62 MR 2.37 (8.83) 19.27 MR 
Brri Dhan-62 5.64 (13.74) 34.77 MR 3.45 (10.69) 28.05 MS 
SAMBHA SUB-1 10.29 (18.69) 63.41 S 5.69 (13.79) 46.26 S 
MTU 7029 2.97 (9.72) 18.31 R 2.82 (9.64) 22.93 MR 
BINA 11 4.39 (11.81) 27.07 MR 3.42 (10.61) 27.80 MS 
Improve sambha 4.96 (12.85) 30.58 MR 2.43 (8.94) 19.76 MR 
HUR-917 4.95 (12.30) 30.52 MR 4.61 (12.33) 37.48 MS 
HUR-36 6.28 (14.50) 38.72 MR 3.33 (10.50) 27.07 MS 
SWARNA SUB-1 5.22 (13.10) 32.15 MR 2.86 (9.71) 23.25 MR 
DDR-42 13.73 (21.71) 84.68 HS 9.10 (17.53) 73.98 HS 
DDR-44 10.38 (18.78) 64.03 S 6.34 (14.57) 51.54 S 
SWARNA 14.98 (22.76) - HS 11.22 (19.55) - HS 
TN1 17.45 (24.68) - HS 13.37 (21.43) - HS 
S.E. (m)± 0.69 - 0.42 - - 
C.D. (p=0.05) 2.08 - - 1.27 - - 
C.V. (%) 5.46 - - 6.02 - - 

#DH- Mean % of deadheart/ 5 hills, #WE- Mean % of white earhead/ 5 hills, *Mean of three replications, **Figures in the 
parentheses are angular transformed values
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Table 2. Analysis of important biochemical constituents of interest in rice genotypes associated with 
differential response to S. incertulas infestation (pooled data kharif 2018-19 & 2019-20)

Biochemical parameters
Genotypes Total sugar 

(mg/g) 
*(Mean± 

SE)

Phenol 
(mg/ 100g)  
*(Mean± 

SE) 

Crude 
silica (%) 
*(Mean± 

SE)

Crude 
Proteins (mg/ 
g) *(Mean± 

SE) 

Total free 
amino acids 

(mg/ g) 
*(Mean± SE) 

Tannins  
(mg/ g) 

*(Mean± SE) 

HUR-105 13.84± 0.39 8.72± 0.27 12.52± 0.32 3.15± 0.16 17.23± 0.21 5.11± 0.13 

IR82475-110-2-2-1-2 15.73± 0.52 9.33± 0.16 12.34± 0.27 2.16± 0.11 13.02± 0.15 5.04± 0.18 
SAHBHAGIDHAN 21.10± 0.21 7.67± 0.11 10.80± 0.27 3.98± 0.18 18.23± 0.19 4.13± 0.12 
NDR-97 22.41± 0.10 9.06± 0.30 9.79± 0.17 6.01± 0.16 20.37± 0.21 2.61± 0.09 
KALAMKATI:: IRGC 45975-1 17.36± 0.69 7.78± 0.17 10.06± 0.16 6.43± 0.20 20.81± 0.26 2.33±0.10 
SAMBHA MANSOORI 20.89± 0.69 5.19± 0.10 9.48± 0.09 5.96± 0.14 23.15± 0.30 1.11± 0.08 
BRRI DHAN-72 18.44± 0.22 6.97± 0.14 11.46± 0.19 4.02± 0.18 15.84± 0.15 4.67± 0.13 
HUR-3022 23.18± 0.40 6.84± 0.07 7.70± 0.08 7.55±0.21 26.27± 0.31 0.68± 0.05 
HUBR-10-9 27.43± 0.79 5.12± 0.09 9.59± 0.14 6.21± 0.11 24.33± 0.19 1.21± 0.08 
PUSA BASMATI-1 20.05± 0.13 8.5± 0.18 11.63± 0.28 4.16± 0.15 17.54± 0.11 3.85± 0.16 
IET-22218 22.84± 0.27 6.21± 0.13 9.13± 0.20 7.28± 0.16 24.29± 0.16 1.37± 0.13 
IET-20556 17.84± 0.17 6.92± 0.20 10.42± 0.13 7.02± 0.19 25.41± 0.24 0.43± 0.03 
IET-22225 15.12± 0.20 6.19± 0.25 9.98± 0.22 5.67± 0.12 21.26± 0.18 3.05± 0.16 
HUR-5-2 15.98± 0.11 8.00± 0.28 10.52± 0.15 6.31± 0.20 24.86± 0.29 1.81± 0.11 
HUR-4-3 16.88± 0.09 7.72± 0.16 8.32± 0.28 5.12± 0.14 19.27± 0.18 2.67± 0.16 
UGR-1 17.91± 0.30 8.17± 0.15 11.84± 0.25 3.94± 0.09 17.67± 0.17 4.51± 0.18 
UGR-5 18.39± 0.12 8.24± 0.32 11.42± 0.31 3.45± 0.11 16.91± 0.11 4.16± 0.15 
NAGINA-22 15.93± 0.38 8.79± 0.13 12.88± 0.23 3.16± 0.07 15.41± 0.18 4.67± 0.20 
BRRI DHAN-64 18.52± 0.17 7.79± 0.08 12.61± 0.27 3.02± 0.10 15.05± 0.21 4.10± 0.13 
GORA WHITE 27.24± 0.23 6.30± 0.06 8.78± 0.16 4.98± 0.18 19.75± 0.34 2.09± 0.11 
BANSPHUL 15.31± 0.44 7.74± 0.06 9.89± 0.10 7.81± 0.16 23.91± 0.30 1.34± 0.09 
CGZR-1 23.57± 0.54 5.31± 0.09 8.30± 0.08 3.88± 0.09 12.27± 0.17 3.92± 0.16 
R-RHZ-7 27.82± 0.19 5.09± 0.03 7.01± 0.05 5.87± 0.18 21.70± 0.26 1.64± 0.07 
IR 96248-16-3-3-2B 14.37± 0.12 8.09± 0.19 13.56± 0.28 4.01± 0.15 16.77± 0.35 4.55± 0.20 
SARYU-52 15.75± 0.51 7.42± 0.13 10.43± 0.17 5.14± 0.19 21.08± 0.15 2.09± 0.13 
MTU-1010 17.63± 0.60 7.32± 0.17 10.44± 0.24 5.67± 1.16 20.54± 0.24 3.41± 0.16 
DUDH KANDAR 15.50± 0.23 8.27± 0.24 11.37± 0.28 5.27± 0.20 20.11± 0.34 2.68± 0.09 
SATHI 14.72± 0.16 8.58± 0.29 10.71± 0.16 3.75± 0.10 15.67± 0.14 4.22± 0.13 
IR-96248-16-3-3-1B 21.54± 0.61 6.06± 0.22 7.17± 0.12 7.49± 0.21 26.27± 0.19 0.75± 0.06 
PANTDHAN-12 15.13± 0.22 8.49± 0.22 13.38± 0.33 3.71± 0.08 16.97± 0.12 3.75± 0.16 
AKSHYADHAN 12.72± 0.17 9.00± 0.18 13.87± 0.24 2.67± 0.06 14.25± 0.10 5.01± 0.21 
NDR-359 20.66± 0.29 7.73± 0.04 8.13± 0.13 6.82± 0.14 24.21± 0.31 1.30± 0.09 
RAJENDRA KASTURI 24.08± 0.27 5.87± 0.09 9.44± 0.18 5.34± 0.12 21.08± 0.25 2.67± 0.13 
BARANIDEEP 19.34± 0.20 6.36± 0.18 9.55± 0.25 5.87± 0.19 20.74± 0.21 3.00± 0.16 
BLACK GORA 26.14± 0.50 4.17± 0.13 7.38± 0.07 7.05± 0.20 24.06± 0.27 1.06± 0.08 
IR-92960-75-1-3 24.67± 0.41 5.91± 0.10 8.32± 0.15 7.67± 0.16 26.89± 0.20 0.51± 0.04 
IR-92978-192-1-2(CR-306) 20.59± 0.50 5.30± 0.19 6.98± 0.21 7.25± 0.18 25.17± 0.23 1.08± 0.09 
AZUCENA 29.27± 0.26 6.36± 0.30 8.52± 0.24 4.05± 0.10 16.54± 0.11 4.13± 0.18 
BRRI DHAN-62 17.01± 0.34 8.24± 0.23 11.91± 0.13 5.81± 0.13 20.42± 0.17 3.16± 0.14 
SAMBHA SUB-1 23.36± 0.47 5.75± 0.12 8.82± 0.14 6.43± 0.11 23.67± 0.28 1.55± 0.08 

(contd.)
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were associated with resistance to S. incertulas Walker 
in the test genotypes (Table 3). According to Singh et 
al. (2022), the expression of biochemical constituents 
such as total soluble and reducing sugars, free amino 
acids and total soluble proteins was lower in resistant 
genotypes, whereas total phenol content was higher in 
resistant genotypes. Rani et al. (2020) discovered that 
the higher the sugar content, the higher the occurrence 
of insect pests, despite the fact that the silica content 
of vulnerable susceptible varieties such as TN1 and 
BPT5204, as well as the resistant genotypes C-1247 
and C-8 588, were the highest. However, Kumar et 
al. (2021) found that total and reducing sugars, free 
amino acids, nitrogen and phosphorus were higher in 
susceptible entries, while total phenols, potassium, and 
tannins were significantly higher in resistant genotypes. 

Principal component analysis (PCA) was used 
to determine the relationships between the various 
characteristics (S. incertulas Walker infestation and 
biochemical parameters) used in the current study. 

Two principal components (PCs) were extracted for 
biochemical characteristics from screen plots with 
eigen values ≥1.0. Figure 1 shows the diversity of 
biochemicals and S. incertulas Walker infestation. 
PC1 displayed a variation of 74.49 percent, while 
PC2 displayed a variation of 14.18% (Fig. 1). Table 4 
shows the component loadings of various factors that 
influence resistance to S. incertulas Walker in rice. 
The majority of the parameters, including dead hearts, 
white earheads, crude protein, total free amino acid, 
and tannins, have higher coefficient values in PC1, 
while only three components, total sugar, phenol, 
and crude silica, are represented by PC2. Positional 
proximity in the 2-D biplot was used to identify two 
main groups, each with its own set of parameters. 
Dead hearts, white earheads, crude protein, and total 
free amino acid were all close together on the 2-D plot, 
whereas phenol and crude silica were separated. Aside 
from these groups, tannins and total sugar were quite 
distant from the others, indicating a different trend 
(Fig. 1). The Pearson correlation matrix (Table 3) also 

MTU 7029 26.66± 0.15 7.51± 0.25 10.75± 0.25 3.81± 0.08 15.67± 0.10 4.98± 0.16 
BINA 11 21.29± 0.30 5.62± 0.09 9.15± 0.16 4.89± 0.10 20.17± 0.23 2.29± 0.11 
IMPROVE SAMBHA 15.49± 0.17 8.13± 0.21 12.89± 0.19 3.67± 0.06 16.57± 0.16 4.00± 0.18 
HUR-917 14.70± 0.29 7.42± 0.11 10.10± 0.20 5.15± 0.13 21.06± 0.24 2.91± 0.14 
HUR-36 19.86± 0.32 6.61± 0.15 10.81± 0.12 5.38± 0.09 21.97± 0.30 2.18± 0.10 
SWARNA SUB-1 18.46± 0.23 6.30± 0.13 11.76± 0.23 4.05± 0.05 15.67± 0.11 4.48± 0.18 
DDR-42 20.76± 0.67 5.13± 0.14 7.47± 0.08 7.62± 0.16 27.11± 0.39 0.79± 0.08 
DDR-44 22.93± 0.52 5.60± 0.07 8.12± 0.20 6.81± 0.19 24.81± 0.38 1.64± 0.12 
SWARNA 29.34± 0.60 4.90± 0.07 7.30± 0.12 7.43± 0.20 26.75± 0.41 0.52± 0.03 
TN1 31.36± 0.87 4.27± 0.06 7.06± 0.07 7.21± 0.14 26.02± 0.34 0.67± 0.05 
C.D. (p= 0. 05) 3.35 1.30 2.19 1.23 3.14 1.12 
C.V. (%) 27.95 19.94 23.15 18.67 26.43 16.45 

*Mean of three replications. 

(contd. Table 2

Table 3. Correlation co-efficients of biochemical characteristics of  
rice genotypes and insect infestation in rice due to S. incertulas 

Variables DH WEH TS P CS CP TFAA T 
DH 1.000 0.873** 0.367** -0.459** -0.605** 0.811** 0.827** -0.807** 
WEH 1.000 0.504** -0.624** -0.704** 0.867** 0.878** -0.875** 
TS 1.000 -0.728** -0.732** 0.413** 0.394** -0.470** 
P 1.000 0.767** -0.602** -0.583** 0.655** 
CS 1.000 -0.745** -0.685** 0.761** 
CP 1.000 0.951** -0.935** 
TFAA 1.000 -0.944** 
T 1.000

DH dead hearts, WEH white earhead, TS total sugar, P phenol, CS crude silica, CP crude protein, TFAA total free 
amino acid, T tannins content. **Significant at 0.01 level
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supported the preceding statement in terms of the degree 
of relationship between them. Rizwan et al. (2021) 
also examined the role of silicon in rice insect pest 
resistance. Similarly, Nisha (2023) found that resistant 
rice accession BA-132 and BA-155 had the highest 
levels of total phenol, OD phenol, and tannin content, 
while TN-1 had the lowest levels of these compounds. 
Pest damage frequently influences the production of a 
variety of biochemicals. Similarly, in the present study 
results the correlation analysis of phenolic compounds 
showed a negative association with infestation and 
impart resistance against in rice (Tenguri et al., 2023). 

The current study’s findings suggest that a thorough 
understanding of metabolic processes parallel to insect 

infestations at various phases of plant growth is critical. 
Furthermore, the germplasm must be subjected to 
appropriate screening conditions to identify potential 
sources of resistance and establish successful selection 
procedures. The resistant genotypes used against insect 
pests suggest lowering protection costs while preserving 
environmental sustainability. Furthermore, such 
genotypes should be used as donors in a hybridization 
programme to increase germplasm resistance to insect 
pests even further. 

ACKNOWLEDGEMENTS 

The authors would like to thank the University Grant 
Commission (UGC) of New Delhi for its fellowship 
and financial support in carrying out the experiments. 

AUTHOR CONTRIBUTION STATEMENT 

KRS: Conceptualization, Methodology, Investigation, 
Writing - original draft, SVSR: Supervision, Data 
curation, Writing - review and editing, Writing - original 
draft. SKS: Writing - review and editing. RK: Writing 
- original draft, Visualization. 

CONFLICT OF INTEREST 

No conflict of interest. 

REFERENCES 

Ali M P, Kabir M M M, Haque S S, Afrin S, Ahmed N, Pittendrigh B, 
Qin X. 2020. Surrounding landscape influences the abundance of 
insect predators in rice field. BMC Zoology 5(1): 1-12. 

Amsagowri V, Muthukrishnan N, Muthiah C, Mini M L, Mohankumar 
S. 2018. Biochemical changes in rice yellow stem borer infested 
rice accessions. Indian Journal of Entomology 80(3): 926-934. 

Andargie M, Abera M, Tesfaye A, Demis E. 2024. Occurrence, 
distribution, and management experiences of rice (Oryza sativa 
L.) major diseases and pests in Ethiopia: a review. Cogent Food 
and Agriculture 10(1): 2300558. 

Bray H G, Thorpe W V. 1954. Analysis of phenolic compounds of interest 
in metabolism. In: Methods of Biochemical Analysis Volume 1 (Eds. 
Glick, D.), Interscience Publishers, pp. 27-52. 

Balaji B N, Vijaykumar L, Shivanna B, Naik D Jemla, Raveendra 
H R. 2024. Comprehensive field screening and morphological 
assessment of local landraces of paddy for locating resistance 
against yellow stem borer, Scirpophaga incertulas (Walker). Journal 
of Entomological Research 48(2): 180-185. 

Chandrakumara K, Dhillon M K, Singh N. 2024. Tolerance in Brassica  
juncea cultivars vis-a-vis population buildup of mustard aphid 
Lipaphis erysimi (Kalt.). Indian Journal of Entomology 86(2): 
409-413. 

Das M, Singh K I, Longkumer  I Y. 2020. Screening of local varieties 
and validation of newer molecules on the incidence of sucking 
insect pests in rice-crop-ecosystem of Manipur valley. Journal of 
Entomological Research 44(1): 141-146. 

IRRI (International Rice Research Institute). 2010. Standard evaluation 

Table 4. Component loadings of bio-chemicals 
parameter and infestation caused by S. incertulas in 

different rice genotypes 

S. No. Parameters Principal components
PC 1 PC 2

1 DH 0.893 0.194 
2 WEH 0.866 0.376 
3 TS 0.878 0.927 
4 P -0.367 -0.835 
5 CS -0.532 -0.756 
6 CP 0.910 0.321 
7 TFAA 0.929 0.277 
8 T -0.884 -0.385 

DH dead hearts, WEH white earhead, TS total sugar, P phenol, 
CS crude silica, CP crude protein, TFAA total free amino acid, 
T tannins content

 
 
S. No. Parameters Principal components 

PC 1 PC 2 
1 DH 0.893 0.194 
2 WEH 0.866 0.376 
3 TS 0.878 0.927 
4 P -0.367 -0.835 
5 CS -0.532 -0.756 
6 CP 0.910 0.321 
7 TFAA 0.929 0.277 
8 T -0.884 -0.385 

DH dead hearts,WEHwhite earhead, TStotal sugar, Pphenol, CScrude silica, CP crude protein, 
TFAA total free amino acid,T tannins content. 
 
 
 
 
 
 
 
 
 
 

Fig. 1: 2-D plot of principal component analysis based on biochemical parameter and infestation 
caused by S. incertulas in different rice genotypes DH dead hearts,WEH white earhead, TS total 
sugar, P phenol, CS crude silica, CP crude protein, TFAA total free amino acid, T tannins content. 
fp 
 

Fig. 1. 2-D plot of principal component analysis based on 
biochemical parameter and infestation caused by  

S. incertulas in different rice genotypes DH dead hearts, WEH 
white earhead, TS total sugar, P phenol, CS crude silica, CP 

crude protein, TFAA total free amino acid, T tannins content. fp 



 Defensive responses of rice genotypes against yellow stem borer, Scirpophaga incertulas    7 
 Kamal Ravi Sharma et al.

system for rice. International Rice Research Institute, Manila, 
Philippines. 

Jeer M, Suman K, Maheswari T U, Voleti S R, Padmakumari A P. 
2018. Rice husk ash and imidazole application enhances silicon 
availability to rice plants and reduces yellow stem borer damage. 
Field Crops Research 224: 60-66. 

Kumar S, Yadav D K, Sharma K, Yadav S, Vijaykumar L, Deeksha M G. 
2021. Screening of rice landraces and their morpho-biochemical 
basis of resistance against Cnaphalocrocis medinalis. Indian Journal 
of Agricultural Sciences 91(3): 382-387. 

Mandloi R, Shukla A, Venkatesan T, Bhowmick A K, Singh S K. 2018. 
Screening of rice (Oryza sativa L.) varieties and genotypes against 
Scirpophaga incertulas (Walker). Journal of Entomology and 
Zoology Studies 6(3): 1195-1199. 

Mishra M K, Singh R P. 2019. Screening of rice germplasm for resistance 
and susceptibility against yellow stem borer (Scripophaga 
incertulas walker) under upland rice ecosystem. Journal of 
Pharmacognosy and Phytochemistry 8(3S): 74-76. 

Moore S, Stein W H. 1948. Photometric ninhydrin method for use in the 
chromatography of amino acids. Journal of Biological Chemistry 
176: 367-88. 

Nalla A V. 2020. Field evaluation of rice accessions against yellow 
stem borer, Scirpophaga incertulas Wlk. International Journal of 
Research Studies in Agricultural Sciences 6(2): 1-4. 

Nisha L N. 2023. Studies on biochemical basis of resistance against 
Scirpophaga incertulas (Walker) in different rice accessions. 
Journal of Entomological Research 47(2): 326-330. 

Pal S, Karmakar P, Chattopadhyay A, Ghosh S K. 2021. Evaluation 
of tomato genotypes for resistance to whitefly (Bemisia tabaci 
Gennadius) and tomato leaf curl virus in eastern India. Journal of 
Asia-Pacific Entomology 24(2): 68-76. 

Paramasiva I, Sreelakshmi C, Vineetha U, Harathi P N, Rajasekhar P. 
2021. Screening of advanced rice cultures against stem borer, 
Scirpophaga incertulas (Walker) and leaf folder, Cnaphalocrocis 
medinalis (Guenee). Journal of Entomology and Zoology Studies 
9(1): 390-393 

Piper C S. 1945. Soil and plant analysis. Journal of Physical Chemistry 
49(1): 45-45. 

Raju S V S, Sharma K R, Ramesh Babu S, Mohanta P K. 2021. Population 
dynamics of insect pests in rice ecosystem. Indian Journal of 
Entomology 83(1): 39-42. 

Rani D S, Chiranjeevi C, Madhumathi T, Raju S K, Umar S N. 2020. 

Biochemical Analysis for Rice Germplasm Lines for Combat 
against Yellow Stem Borer, Scirpophaga incertulas: Implication for 
Varietal Selection of Rice in India. International Research Journal 
of Pure and Applied Chemistry 21(7): 41-51. 

Rizwan M, Atta B, Rizwan M, Sabir A M, Tahir M, Sabar M, et al. 2021. 
Silicon plays an effective role in integrated pest management against 
rice leaf folder Cnaphalocrocis medinalis Guenée (Lepidoptera: 
Pyralidae). Pakistan Journal of Zoology 54(2): 569-575. 

Sandhu R K, Sarao P S, Sharma N. 2020. Antibiosis in wild rice 
accessions induced by Nilaparvata lugens (Stål) feeding. 
Phytoparasitica 48(5): 801-812. 

Sharma K R, Raju S V S, Roshan D R, Jaiswal D K. 2018. Effect of 
abiotic factors on yellow stem borer, Scirpophaga  incertulas 
(Walker) and rice leaf folder, Cnaphalocrocis medinalis (Guenee) 
population. Journal of Experimental Zoology India 21(1): 233-236. 

Sharma K R, Raju S V S, Singh K, Babu S R. 2023. Effect of crop growth 
stages on the field population of rice hoppers. Indian Journal of 
Entomology 85(3): 701-703. 

Sharma K R, Raju S V S. 2019. Field efficacy of some combination 
insecticide formulations against paddy planthoppers. Pesticide 
Research Journal 31(1): 119-125. 

Sharma K R, Raju, S V S, Singh K N, Roshan D R. 2019. Effects of 
environmental factors on population dynamics of rice earhead bug 
and their management with newer insecticide combinations and 
sole insecticide. Bangladesh Journal of Botany 48(4): 973-979. 

Singh H, Sarao P S, Sharma N. 2022. Quantification of antibiosis 
and biochemical factors in rice genotypes and their role in plant 
defense against Cnaphalocrocis medinalis (Gùenee) (Lepidoptera: 
Pyralidae). International Journal of Tropical Insect Science 42(2): 
1605-1617. 

Tenguri P, Chander S, Ellur R K, Arya P S, Yele Y. 2023. Deciphering 
host plant resistance mechanisms of rice genotypes resistant against 
Brown Planthopper. Euphytica 219: 8. 

Vennila S, Bagri M, Tomar A, Rao M S, Sarao P S, Sharma S, Prabhakar 
M. 2019. Future of Rice Yellow Stem Borer Scirpophaga incertulas 
(Walker) Under Changing Climate. National Academy Science 
Letters 42(4): 309-313. 

War A R, Paulraj M G, Ahmad T, Buhroo A A, Hussain B, Ignacimuthu 
S, Sharma H C. 2012. Mechanisms of plant defense against insect 
herbivores. Plant Signaling and Behaviour 7(10):1306-1320. 

Yoshida S, Ohnishi Y, Kitagish K. 1959. Role of silica in rice nutrition. 
Role of silicon in rice nutrition. Soil Science and Plant Nutrition 
5(3):127-133. 

(Manuscript Received: March, 2024; Revised: August, 2024; 
Accepted: September, 2024; Online Published: September, 2024) 

Online First in www.entosocindia.org and indianentomology.org Ref. No. e24066




