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  ABSTRACT 
 

 

 The identification of genes responsible for inbuilt resistance against insect 
pests and their integration into common cultivars for inclusion in Integrated 
Pest Management (IPM) programme for any area against any insect pest is 
gaining momentum in the present day agricultural system. The incorporation 
of insect-resistant lines into cultivation practices lowers the incidence of 
infestation of insect pests. This results in better economic gains for the 
farmers and safer ecological conditions, by minimizing use of insecticides. The 
maize stem borer, Chilo partellus Swinhoe is one of the devastating insect pests 
of maize crop. The infestation can range from 40 per cent damage to crop to 
total crop failure in dry season. Screening of the genotypes for identification 
of promising lines with inbuilt resistance against maize stem borer, C. 

partellus is one of the basic steps towards the implementation of IPM. A total 
of 20 maize genotypes were evaluated for their reaction against maize stem 
borer, C. partellus. Under natural infestation conditions at three different 
altitudes of Kashmir valley. The reaction was assessed as per Leaf Injury 
Rating (CIMMYT, 2011) and  the cultivars  ‘H-12’ and ‘H-8’ manifested less 
leaf damage and were categorised as resistant. The reaction of cultivars was 
unaffected by altitude. Leaf damage was positively correlated with number of 
pin holes and negatively with stem diameter, plant height, number of nodes 
per plant and leaf trichome density. The cultivars H-12 and H-8 can further 
be tested for inbuilt resistance under no choice conditions and incorporated in 
the stem borer resistant breeding programmes for Maize. 
  

 

 Key words:  Chilo partellus, Correlation, maize stem borer, maize, resistant 
genotypes 

 

 

Maize, Zea mays L. is one of the world’s most cultivated crop, along with rice and wheat, together form the 
foundation of world food security (Reeves et al., 2016). Maize crop has high yield potential of the order of 20 t 
grain ha-1 under favourable conditions and high radiation (Liu et al., 2017). However, the actual yields rarely 
exceed 9 tonne per hectare (Li et al., 2021), with a world average of 5.6 tonne per hectare (FAO, 2019).  This 
huge gap between actual yield potential and the realised yield potential is attributable to various biotic and 
abiotic stresses the crop is subjected to (Worku et al., 2012; Abate et al., 2017). As per an estimate, biotic 
stresses cause a 10 per cent decline in the global maize yield each year (Gong et al., 2014) and about 15.6 per 
cent of that decline is caused by insect pests alone (Dhaliwal and Arora, 2006). From among the 140 insect pests 
infesting maize worldwide, only 10 cause serious damage (Sarup et al., 1987 and Siddiqui and Marwaha, 1993). 
The spotted stem borer, Chilo partellus (Swinhoe) (Crambidae: Lepidoptera) is the most serious one during 
Kharif season causing 26.7-80.4 per cent yield losses in different agro-climatic regions of India (Panwar, 2005). 
In Kashmir valley, the maize stem borer C. partellus is reported as a major insect pest in the crop (Arifie et al., 
2019).  

In India, as per an estimate, around 25.01 per cent of total land under maize receives insecticides 
(Subhash et al., 2017). With the advent of modern agriculture, the crop protection regimes have undergone a 
shift from ready-use to need based use of chemical pesticides. This has resulted in integration of various 
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techniques into a single tactic to control pests i.e. Integrated Pest Management (IPM) (Metcalf and Luckmann, 
1982). Plant resistance is an important element of a pest management programme (Smith, 1989). The use of 
insect-resistant cultivars enables use of host plant resistance to overcome pest incidence and minimise the losses 
caused, and is environmentally safe, economically feasible and ethically sound (Kumar, 1997). The adoption of 
insect-resistant maize in crop cultivation practices resulted in 11.2 per cent less insecticide consumption, than 
used conventionally (Perry et al., 2016).  Almost 2,500 commercial maize varieties are cultivated worldwide at 
present (Murphy, D. 2007). The initial step in using host-plant resistance in a management programme is the 
evaluation (screening) of crop germplasm to identify genotypes (lines, accessions, cultivars, etc.) that express 
resistance to the insect or that express a phenotype putatively related to resistance (Clement and Quisen berry, 
1999). Screening may be conducted in a field, greenhouse or laboratory, but field screening of genotypes gives 
temporal and spatial advantage over protected conditions. Natural or artificial infestations of pest insects may be 
used (Stout, 2014).  Screening of germplasm from different parts of the world to identify the sources of 
resistance and utilizing them for the development of varieties have so far remained the main stay in the 
management of maize pests (Anuradha,  2012). Identification of genotypes with in-built resistance to maize 
stem borer will pave way for development of high yielding, maize stem borer resistant genotypes with no 
compromise in other attributes.  

 
MATERIALS AND METHODS 

 
The study was carried out at three locations: 
 

i)    Faculty of Agriculture, Wadura, SKUAST-K located at latitude 34˚21'00.6" N, longitude 
074˚23'47.3" E and an altitude of 1590 meters above mean sea level (AMSL). 

ii) Imberzal Wari located at latitude 34˚24'11.0"N, longitude 74˚25'02.4" E and an altitude of 2120 
meters AMSL. 

iii) Dryland Agricultural Research Station (DARS), Budgam a constituent of SKUAST-Kashmir located 
at latitude 33˚59'12"N, longitude 74˚47'52" E and an altitude of 1655 m AMSL.  

 
A total of 20 maize cultivars were screened for their resistance against stem borer, C. partellus. The seed 
material was taken from DARS, Budgam SKUAST Kashmir and sown in RCBD in 3 replications for each 
genotype. The package of practices followed was as per recommendations of SKUAST-K (Anonymous 2016). 
However, no insecticidal treatment was given to experimental plots. The genotypes were screened under natural 
infestation conditions in the field. Three plants per replication of each treatment were tagged at random and 
observed for leaf damage caused by larvae of C. partellus S. at 40 and 60 days after sowing. The damage was 
ascertained on a score of 0-10 as per scale given by CIMMYT, 2011 (Table 1).  

 
Table 1: Scale for scoring intensity of damage on leaves (CIMMYT, 2011) 
 

S.  

No. 

Visual rating of damage Numerical 

Score 

Resistance reaction 

1. No damage 0 Extremely resistant 

2. Few pin hole or fine hole of injury on 1-2 leaves. 1 Highly resistant  

3. Few small holes on few leaves 2 Resistant  

4. Few leaves with several small holes 3 Resistant 

5. Several leaves with holes  4 Moderately resistant 

6. Few leaves with elongated lesions  5 Moderately resistant 

7. Several leaves with elongated lesions  6 Susceptible 

8. Several leaves with elongated lesions  7 Susceptible 

9. Most of leaves with long lesions or severe tattering  8 Highly susceptible 

10. Most leaves with long lesions or lodged or plant dying due to 
severe damage  

9 Extremely susceptible 

(CIMMYT, 2011 scale) 
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On the basis of rating score, the genotypes were categorised as extremely resistant, highly resistant, resistant, 
moderately resistant, susceptible, highly susceptible and extremely susceptible. The interaction of altitude with 
genotype to possibly modify the reactions of genotypes towards the infestation of C. partellus was also analysed 
by employing appropriate statistical technique. The genotypes were also compared with each other with regard 
to following characters such as Leaf trichome density: Five plants per plot were taken randomly for recording 
the trichome density. Trichome density count was done by cutting the leaf below the first ear at the centre of 
blade and through a window of 1×1 centimetres, the number of trichome hairs were counted under a dissecting 
microscope; Stem diameter: Five plants per plot were randomly selected and the stem diameter was taken with 
the help of vernier calliper by measuring from the centre of third internode; Number of nodes: Total number of 
nodes was recorded starting from first node on randomly selected five plants per plot; Plant height: Five plants 
per plot after tassel emergence were taken for recording the plant height by measuring scale; Pin hole counts: 
Five plants were examined for number of pin holes by maize stem borer on leaves and count was made. 

A simple correlation analysis using OPSTAT software was also done between the genotype characters and 
mean leaf damage score at 40 and 60 DAS. 

 
RESULTS AND DISCUSSION 

 
After assessing the leaf damage score at all the three locations and comparing it to the leaf injury rating scale as 
given by CIMMYT (2011), the cultivars H-17, Champion-61 and H-101 were designated as susceptible to maize 
stem borer; Polo, H-19, H-105, H-16, H-3, H-20, H-5, H-10 and H-7 as moderately resistant; H-11, H-18, H-14, 
H-6, H-1 and H-15 as resistant; H-12 and H-8 as highly resistant to maize stem borer. No cultivar was 
designated as extremely resistant. 
 
Table 2: Leaf damage score by C. partellus 
 

Genotypes Imberzal Wari DARS, Budgam FoA, Wadura Category  

40 DAS 60 DAS 40 DAS 60 DAS 40 DAS 60 DAS 
H-101 4.56 6. 11 4.44 6 4.78 6.11 Susceptible 
Polo 4.11 5.89 4 5.78 4 5.89 Moderately Resistant  
Champion 61 4.67 6.44 4.56 6.33 4.67 6.56 Susceptible 
H-19 3. 33 4.33 3.22 4.22 3.33 4.44 Moderately Resistant 
H-105 3.33 5.11 3.33 5 3.22 5.33 Moderately Resistant 
H-11 2.11 2.44 2 2.33 1.89 2.44 Resistant 
H-18 2.78 3.67 2.67 3.56 2.56 3.33 Resistant 
H-17 4.67 6.78 4.56 6.67 4.78 6.44 Susceptible 
H-12 0.78 1.22 0.56 1.11 0.67 0.89 Highly Resistant 
H-16 4.11 4.78 4 4.67 4.22 4.44 Moderately Resistant 
H-3 3.89 4.89 3.78 4.78 4 4.56 Moderately Resistant 
H-14 2.78 3.11 2.67 3 2.56 2.78 Resistant 
H-20 3.33 4.22 3.22 4.11 3.11 3.89 Moderately Resistant 
H-8 0.78 1.11 0.67 1 0.78 0.89 Highly Resistant 
H-5 3.33 4.67 3.22 4.56 3.33 4.44 Moderately resistant 
H-6 2.67 3.33 2.56 3.22 2.67 3.11 Resistant 
H-10 3.33 5.44 3.22 5.33 3.11 5.56 Moderately Resistant 
H-1 2.44 3.11 2.22 3 2.33 3.11 Resistant 
H-15 2.67 3.89 2.56 3.78 2.78 3.44 Resistant 
H-7 3.22 5.11 3.11 5 3.33 4.78 Moderately Resistant 
CD(P≤0.05) 1.04 1.03 0.97 0.93 0.99 0.99  

       Each figure is mean of 3 replications. 
 
The data generated was also analysed in a two way ANOVA to take into consideration the effect of altitude on 
leaf damage by C. partellus at 40 DAS (Table 3) and 60 DAS (Table 4). However, it was found that altitude had 
no significant effect on the level of leaf injury, at either 40 DAS or 60 DAS, the same genotype had no 
significant difference in its reaction at different altitudes, although the different genotypes differed significantly 
from each other at the different altitudes.   
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Table 3: Leaf Damage score in relation to altitude at 40 DAS 
 

Factor SEm ± CD (P≤0.05) 
Genotypes 0.19 0.52 
Location 0.07 NS 
Genotypes X Location 0.32 NS 
 
Table 4: Leaf Damage score in relation to altitude at 60 DAS 

 
The different morphological characters (table 5)  when correlated (table 6) with leaf damage score revealed that 
leaf damage score was significant and positively correlated with number pin holes, whereas significant and 
negative correlation was found between leaf damage by stem borer and plant characters such as stem diameter, 
plant height, number of nodes per plant and leaf trichome density.    
 
Table 5: Comparison of the genotypes for various characters 
 

S. 
No. 

Genotypes Stem diameter 
(mm) 

Plant height 
(cm) 

No. of  nodes 
per plant 

Pin hole count  
per plant 

Leaf trichome 
density (cm-2) 

1.  H-101 18.80 166.6 11.40 0.80 69.60 
2.  Polo 18.60 161.8 11.20 2.20 65.40 
3.  Champion 61 17.80 157.1 11.00 4.80 60.80 
4.  H-19 20.20 174.9 11.80 0.60 72.80 
5.  H-105 18.80 162.0 11.60 2.80 67.40 
6.  H-11 21.20 174.6 13.40 0.60 82.60 
7.  H-18 21.20 175.2 13.20 0.80 77.00 
8.  H-17 18.80 164.2 11.60 4.00 67.60 
9.  H-12 19.40 167.2 11.80 2.00 71.60 
10.  H-16 19.40 167.0 11.00 6.80 69.80 
11.  H-3 19.60 167.0 10.60 4.40 71.00 
12.  H-14 21.20 175.2 13.20 1.40 79.00 
13.  H-20 20.20 175.2 11.80 3.00 75.00 
14.  H-8 21.60 174.8 14.00 0.60 86.60 
15.  H-5 19.40 167.9 10.80 1.60 71.60 
16.  H-6 21.40 175.4 13.20 1.20 81.40 
17.  H-10 21.00 174.4 11.80 0.60 75.60 
18.  H-1 20.80 175.2 13.60 0.80 81.40 
19.  H-15 20.40 174.4 11.80 1.00 74.80 
20.  H-7 20.60 174.2 11.60 1.00 72.00 

       C.D (P≤0.05)                                          0.78           2.4          0.66           0.91           1.73 
 

Maize cultivars have also been screened previously by Chatterji et al. (1972), Kundu (1985), Kumar & Saxena 
(1972), Khan et al. (1999), Rao & Panwar (2001), Ali et al. (2002), Awan & Khaliq (2003), Kakar et al. (2003), 
Chavan et al. (2007), Jindal & Hari (2008), Afzal et al. (2009), Anuradha (2012), Lella and Srivastava (2013), 
Alhussein et al. (2015), Dindor et al. (2016), Bhandari et al. (2016), Rasool et al. (2017), Lokesh and Mehla 
(2017) and Pal et al. (2018), by employing different methods.  The leaf injury rating for categorisation of maize 
cultivars, as used in this study,  has  been previously employed by Ampofo and Saxena (1989), Kumar and 
Saxena (1992), Rao and Panwar (2001), Chavan et al. (2007), Anuradha (2012), Lella and Srivastava (2013), 
Alhussein et al. (2015), Dindor et al (2016), Bhandari et al. (2016), Lokesh and Mehla (2017), Rasool et al. 
(2017) and Vishvendra et al. (2017). In the present studies, the cultivars with high resistance against stem borer 

Factor SEm± CD (P≤0.05) 
Genotypes 0.20 0.55 
Location 0.08 NS 
Genotypes X Location 0.34 NS 
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were  ‘H-12’ and ‘H-8’ and the cultivars that were susceptible are H-101, Champion 61, H-17. The differential 
behaviour of genotypes for resistance against stem borer has also been reported by Chatterji et al. (1972), Kundu 
(1985), Kumar and Saxena (1992), Rao and Panwar (2001), Awan and Khaliq (2003), Kakar et al. (2003), Khan 
and Monobrullah (2003), Chavan et al. (2007), Arabjafari and Jalali (2007), Jindal and Hari (2008), Afzal et al. 
(2009), Anuradha (2012), Lella and Srivastava (2013), Alhussein et al. (2015), Dindor et al. (2016), Bhandari et 

al. (2016), Lokesh and Mehla (2017),  Rasool et al.(2017), Vishvendra et al. (2017) and Pal et al. (2018).  
 

Table 6: Correlation of Leaf Damage Score with genotype characters 
 

Character  Stem diameter Plant height No. of nodes 
per plant 

Pin hole count 
per plant 

Leaf trichome 
density 

LDS 

40 DAS -0.66 
(0.001) 

-0.57 
(0.009) 

-0.69 
(0.001) 

0.53 
(0.015) 

-0.73 
(0.000) 

60 DAS -0.67 
(0.001) 

-0.60 
(0.005) 

-0.68 
(0.001) 

0.38 
(0.090) 

-0.77 
(0.000) 

Values in parenthesis are p-values 
 

The positive correlation between leaf damage score and no. of pin holes on leaves is also in line with previous 
studies carried out by Rasool et al (2017). The more susceptible the cultivar, the incidence and infestation by the 
stem borer is also of higher magnitude (Anuradha, 2012). Trichomes have been reported to provide first line of 
defence against insect pests, inhibiting oviposition and subsequent infestation by limiting contact of herbivore 
with the crop (Shanower, 2008). The negative correlation between leaf damage score and leaf trichome density 
has also been reported by other workers in maize (Rasool et al., 2017; Vishvendra et al., 2017) and other crops 
as well (Bindu and Pramanik, 2017; Nasiya-Beegum and Subramanian,  2019).   

The identification of genotypes with innate resistance to Maize stem borer is the first milestone in the 
IPM-omics inception and implementation. The genotypes screened under free-choice conditions lay the 
foundation for further marker assisted selection of genotypes under no-choice conditions. The screening of total 
20 genotypes under different environmental conditions reveal that the genotypes H-8 and H-12 hold promising 
genes for resistance against maize stem borer, Chilo partellus and should be further analysed for their 
incorporation in the programme for  resistant cultivar development against maize stem borer and their 
cultivation on commercial basis.  
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