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Abstract. The striped stem borer (Chilo suppressalis Walker) is one of the most important rice pests in Asia. The 
objective of this study was to identify rice lines resistant to striped stem borer and to determine plant characteristics 
associated with resistance. A total of 42 rice lines were evaluated in the field under natural infestation conditions in 
2008. A randomized complete block design with three replications was used for the experiment. The lines exhibited 
considerable variation for plant height (77.00-149.66 cm), number of tiller (11-29), leaf length (27.0-52.0 cm), leaf 
width (4.6-11.0 mm) and stem diameter (2.70-9.01 mm). The infestation percent was significantly correlated with 
leaf width and stem diameter. Also white head was significantly correlated with plant height, stem diameter and 
infestation percent. The results showed that the decrease of grain yield was correlated with high stem diameter, 
high infestation and white head was correlated. Four resistant lines [IRRI-2×Hassani-3, Tarom×Deylamani-3, 
(IR58025A×IR-19R)/Sepidrod-3 and (IR58025A×IR-19R)/Neda-3] with infestation percentage less than 10% and 
percentage of white head of 0% were identified. These might be useful sources of resistance for rice breeding 
programmers in Iran. 
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Introduction 
 
Rice (Oryza sativa L.) is one of the world's most im-
portant crops, providing a stable food for nearly half of 
the global population (FAO 2004). Almost 90% of the 
rice is grown and consumed in Asia (Khush & Brar 
2002). The striped stem borer (Chilo suppressalis Walker) 
is one of the most important rice pests in Asia.  Rice 
stem borers cause damage to the crop at the larval 
stages. Larvae borer into the plant stems and feed on 
plant nutrients causing, in many cases, severe crop loss 
(Beevor et al. 1990). Rice plants are most prone to stem 
borer infestation at the tillering and flowering stages 
(Viajante & Heinrichs, 1987). In a transplanted crop, 
stem borer larvae cut off the growing points of tillers 
causing them to die, a condition commonly known as 
dead heart. When the plants are attacked later, during 
the flowering stage, larvae feed on the meristem and 
empty, whitish-looking panicles called white heads 
appear. In the infested fields these white heads stand 
erect and contain empty and unfilled glumes. The most 
commonly cited crop loss figures from rice are those of 
Cramer (1967), who estimated worldwide losses in rice 
production due to insect damage to be 34.4 percent. 
Chemical methods such as Insecticide to control the 
insect have been negative efficiently upon quality of 
maize (Sfakianakis et al. 1981). Therefore, it is important 
to develop rice cultivars with adequate levels of resist-

ance to the striped stem borer. Resistant cultivars pro-
vide insect control at no additional cost to the farmer 
and are compatible with other control methods in an 
integrated pest control programmer. Resistance to stem 
borers appears to be under polygenic control (Khush 
1984). Many morphological, anatomical, physiological 
and biochemical factors have been reported to be asso-
ciated with resistance, each controlled by different sets 
of genes (Chaudhary et al. 1984).  

The aim of this research to evaluate the striped stem 
borer resistance in rice and to identify possible corre-
lations of insect resistance with morphological and 
agronomic characteristics of the plants. 
 
 
Materials and methods 
 
The experiments were carried out at the farm of Agriculture 
University of Sari (53º13' N 36º42'E), Iran in 2008. The soil was a 
silty loam with a pH of 7.5. A total of 42 rice lines were tested 
in the field for resistance to the striped stem borer under 
natural infestation conditions (Table 2). A randomized 
complete block design with three replications was used for 
evaluation. Plots were 1 m long and consisted of 4 rows, 25 cm 
apart.  

Sowing was on 1 May 2008 by hand broadcasting, at 
approximately 5 g of seed per row. Seeds had been soaked in 
water for 24 h before sowing. The field was fertilized with 150 
kg N ha-1 in three increments, 50 kg P ha-1 and 50 kg K ha-1, 
applied by hand broadcasting. The first 60 kg ha-1 increment of 
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N and the whole amount of phosphorus and potassium were 
applied before sowing. The second 50 kg ha-1 increment of N 
was applied when rice was at the tillering stage and the third 
40 kg ha-1 increment prior to the panicle initiation. Standard 
water management practices used in Iran were applied. The 
field was flooded for 2 days before sowing and maintained 
about 10 cm deep until 10 days before harvest. Transplanting 
was on 1 June 2008 by hand broadcasting. Days from 
emergence to 50% heading were recorded and plant height and 
stem diameter were measured at maturity. Plant height was 
measured from the soil surface to the tip of the panicle and 
stem diameter at ground level, both based on three individual 
measurements in each plot. Plants were cut at ground level and 
the number of stems was measured. The number of stems and 
panicles with infestation symptoms by the striped stem borer 
was measured separately, and the proportion of the stems and 
panicles infested to the total stems harvested was calculated. 
The degree of infestation by the insect was coded according to 
the following scale: 1 (infestation percentage 0_5), 3 (infestation 
percentage 5_10), 5 (infestation percentage 10_25), 7(infestation 
percentage 25_50) and 9 (infestation percentage >50) (Heinrichs 
1984). 

Data regarding the percent of infested plants were 
subjected to analysis of variance. Simple correlation coefficients 
among plant characteristics and infestation percentage were 
calculated. The ranking of the cultivars according to the infesta-
tion percentage were compared using Pearson's coefficient 
(Steel & Torrie 1980). 
 
 
Results  
 
There were significant differences among the genotypes 
for characters under natural infestation conditions by 
striped stem borer (Table 1). Table 2 shows the means of 
the traits under natural infestation conditions, classified 
using Duncan’s multiple range test (� =0.05). The in-
festation percentage varied between lines from 0.52 in 
line 5 to 95.16 percent in line 39 and also white head 
percentage varied between genotypes from 0 to 42.46 
percent.  

The factor which affected the susceptibility of the 
lines to the striped stem borer was stem thickness. The 
infestation percentage was significantly and positively 
correlated with the stem diameter (Table 3). For 

example, lines 5, 8, 18 and 24 had the lowest stem 
diameter and infestation percentage. The results showed 
that the effect of width leaf on infestation by the striped 
stem borer was mainly due to the relation between leaf 
width and white head. The smallest leaf width were 
presented by lines 8, 17, 18, 21, 23, 24, 28 and 34 these 
genotypes having the smallest percentage of white head 
(Table 2). Damage symptoms caused by the stem borers 
are known as dead heart and white head when these 
symptoms develop in the stems or in the panicles, 
respectively. The infestation of the lines by the striped 
stem borer was correlated with the plant height (Table 
3). 

The highest plant height were presented by 
genotypes 14, 28, 30, 6 and 15 in that order These 
genotypes had the highest infestation percentage. Also, 
in this study, there was a positive correlation between 
infestation percentages with white head (Table 3). Four 
resistant genotypes (5, 8, 18 and 24) with infestation 
percentage less than 10% and percentage of white head 
with 0% were identified (Table 2 and Fig.1). The ratio of 
plants with stem damages to those with panicle 
damages varied from 0.52 (lines of 5, 8 and 18) to 95.16 
(line of 36).  

 
 

Discussion 
 
In this study, there was a positive correlation between 
the percentages of plants with white heads and infesta-
tion. Two traits, namely leaf width and stem diameter 
are important for percentage of infestation in lines, with 
significant and positive coefficient correlations of r = 
0.274 and r = 0.222, respectively. Therefore, lines with 
lower stem diameter and lower width leaf were such as 
lines 8 and 18 selected, because these lines will have 
resistance to striped stem borer. These results agree with 
those reported for the effect of stem diameter on 
infestation of rice cultivars by the stem borer (Rubia-
Sanchez et al. 1998).  

Several substances and plant characteristics have 
been  shown  to attract  or repel  stem  borers  which  

 
 

Table 1.  Analysis of variance for different traits under natural infestation conditions. 
 

MS S.O.V. df 

Plant 
height 

Number 
of tiller 

Length 
of leaf 

Width 
of leaf 

Diameter 
of stem 

Infestation 
percentage 

white head 
percentage 

Yield 

Block 2 99.07 1.16 5.05 0.02 0.10 0.35 0.27 0.26 

Genotypes 41 669.31** 62.86** 87.66** 0.07** 0.29** 15.22** 8.74** 465.70** 

Error 82 30.42 1.36 9.75 0.007 0.12 0.071 0.12 0.63 

CV (%)  5.22 6.27 7.97 12.64 15.49 4.21 15.56 1.84 
 

**; Significant at p=0.01 level, based on a F-test. 
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Table 2.  Means of the estimated traits under natural infestation conditions in 42 rice genotypes. 

 

Stem 
diameter 

Leaf width Plant height White head Infestation Lines NO. 
Line 

9.01a 8.00cdefgh 119.66cde 1.32klm 36.65m (IR58025A×IR-19R)/Neda-1 1 

4.25bcdef 5.00lm 107.66fghi 6.38j 45.33ij (IR58025A×IR-19R)/ Neda-2 2 

4.20bcdef 5.30klm 95.33kemnopq 12.58efg 48.45i IRRI-2×Hassani-1 3 

3.16ef 5.60jklm 111.33efgh 4.85ijk 37.61klm IRRI-2×Hassani-2 4 
3.23ef 6.00ijklm 95.00klmnopq 0.33m 0.52u IRRI-2×Hassani-3 5 
3.36ef 8.30cdefg 125.33c 0.00m 43.23ijk Tarom×Deylamani-1 6 

3.65def 6.60ghijkl 96.66jklmnop 0.66m 40.52jklm Tarom×Deylamani-2 7 

2.70ef 5.60jklm 116.00cdef 0.00m 0.66u Tarom×Deylamani-3 8 

6.85abcd 7.00fghijk 91.33nopq 42.46a 90.84a Tarom×Deylamani-4 9 

5.05bcdef 9.00bcde 109.33efghi 4.48ijkl 42.83ijkl IRRI-2×Shastak 10 
6.43abcde 6.30hijklm 105.33ghijk 17.93d 76.21cde Tarom×Deylamani-5 11 
6.30bcde 7.30efghij 99.33ijklmno 17.00d 63.20g Tarom/(Tarom/Dasht) 12 

4.40bcdef 5.60jklm 90.00nopq 5.91ij 42.75ijkl Tarom×Deylamani-6 13 
7.06abcd 6.30hijklm 149.66a 2.07jklm 82.82b (IR58025A×IR-19R)/Sepidrod-1 14 

7.63ab 8.70bcdef 123.33cd 36.38b 65.07g Fajr×Nok siah 15 
6.26bcde 8.00cdefgh 90.33nopq 21.41c 81.71bc Nok siah×Fajr 16 
4.30bcdef 5.60jklm 91.00nopq 0.00m 25.07opqr (IR58025A×IR-19R)/Sepidrod-2 17 

3.36ef 4.60m 92.00mnopq 0.00m 0.67u (IR58025A×IR-19R)/Sepidrod-3 18 
5.36bcdef 10.00ab 102.33hijklm 0.00m 43.33ijk Tarom×Deylamani-7 19 

4.38bcdef 7.30efghij 114.66defg 0.00m 24.35pqr Tarom×Deylamani-8 20 

4.06bcdef 5.60jklm 108.00fghi 0.00m 20.54qr Neda -3 21 

7.28abc 7.60defghi 85.33qr 15.42de 47.36i Neda -1 22 
5.15bcdef 5.30klm 108.00fghi 0.00m 14.60st Tarom×Deylamani-9 23 

3.18ef 5.00lm 89.00opq 0.00m 0.60u (IR58025A×IR-19R)/ Neda-3 24 
4.08bcdef 5.00lm 77.00r 0.33m 24.62opqr Neda -4 25 

5.30bcdef 0.60ijklm 87.33pq 7.64ih 30.27nop Neda -2 26 

3.58bcdef 0.96abc 119.66cde 0.00m 36.94lm (IR58025A×IR-19R)/Sepidrod-4 27 
4.27bcdef 0.53klm 136.33b 0.00m 25.56opq (IR58025A×IR-19R)/ Neda-4 28 
5.11bcdef 11.0a 99.33ijklmno 7.13ih 13.37t Tarom-1 29 
3.91cdef 7.60defghi 126.00 5.91ij 79.11bcd IRRI-2×Hassani-4 30 

3.38ef 5.60jklm 116.33cdef 6.30i 84.16b Fajr×Deylamani 31 
4.81bcdef 7.30efghij 114.00defg 4.48ijkl 69.02gf IRRI-2×Hassani-5 32 
6.43abcde 6.30hijklm 93.66lmnopq 41.38a 67.32gf Tarom×Sahel-1 33 
4.43bcdef 5.00lm 92.66 lmnopq 0.00m 34.41mn (IR58025A×IR-19R)/ Neda-5 34 
5.46bcdef 7.00fghijk 105.00ghijk 11.68fg 25.01de (IR58025A×IR-19R)/ Neda-6 35 
4.03bcdef 7.30efghij 116.66cdef 0.00m 30.64no Tarom-2 36 
6.45abcde 6.60ghijkl 90.66nopq 15.49de 64.46g Tarom×Sahel-2 37 
5.18bcdef 6.60ghijkl 100.33ijklmn 5.00ijk 28.52op (IR58025A×IR-19R)/ Neda-7 38 

6.26bcde 9.30bcd 102.66hiukl 16.36def 95.16a Tarom×Sahel-3 39 
3.36ef 7.30efghij 122.66cd 0.00m 19.18rs Shastak×Deylamani 40 

5.23bcdef 9.30bcd 106.66fghij 10.17gh 56.84h Tarom×Deylamani-9 41 

4.06bcdef 8.60bcdef 110.00efgh 1.00lm 71.26ef Tarom×Deylamani-10 42 
 

In each column, any two means having a common letter are not significantly at p=0.05 based on Duncan's multiple range test. 
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Table 3.  Simple correlation coefficients between various traits for the lines tested. 
 

Traits 1 2 3 4 5 6 7 8 

1. Plant height 1        

2. Number of tiller 0.14 1       

3. Length leaf 0.35** 0.164 1      

4. Width leaf 0.184* -0.24** 0.090 1     

5. Stem diameter 0.027 0.108 0.123 0.130 1    

6. Infestation 0.143 -0.29 -0.033 0.274** 0.222* 1   

7. White head -0.211* -0.18 -0.115 0.143* 0.259** 0.59** 1  

8. Decrease of yield -0.24** -0.099 -0.111 0.155 0.211** 0.374** 0.539** 1 
 

* and **;  Significant at P = 0.05 and 0.01 levels. 
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Figure 1.  Frequency distribution of rice lines based on total infestation score by the 
striped stem borer under natural infestation conditions. 

 
 
 
emphasized on important of study of these traits 
(Udayagari & Mason 1995, Burton et al. 1998). The taller 
lines were more susceptible than the shorter ones. The 
greater infestation of the taller lines was probably asso-
ciated with preference by the striped stem borer for 
oviposition (Smith 1989). Also, lines with more stem 
diameter were more susceptible then the lower stem 
diameter lines, this may be because the development 
and movement of larvae are facilitated in broader stems. 

Results of this study indicate a clear relation 
between infestation of rice by the striped stem borer and 
morphological and agronomic characteristics such as 
plant height and stem diameter. These characteristics 
should be an important consideration in screening rice 
lines for resistance to striped stem borer. The genetic 
material used for this evaluation was diverse and not 
necessarily adapted to local conditions. The results 
suggest that, under the local conditions rice cultivars 
with short plant height (<100 cm), narrow stem diame-

ter (<4 mm) and high tillering ability should be pre-
ferred in reducing infestation by the striped stem borer.  

This study presents a preliminary evaluation of rice 
lines for natural infestation by striped stem borer. The 
infestation under natural conditions could be affected 
by many factors not related to the plant (e.g. the popula-
tion of the insect), In order to obtain more efficient 
evaluation, artificial infestation are needed, but this is 
not feasible when evaluating a large number of lines. 
However, these identified as resistant to the striped 
stem borer in this study might be useful sources of 
resistance for rice breeding programmers in Iran.   
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