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ABSTRACT: The rice stemborer,Chilo suppressalis (Walker), feeds almost exclusively in paddy fields in 
most regions of the world. Rice leaf folder, stem borer and brown plant hopper (BPH) are the most 
devastating rice insect pests. Developing and planting insect-resistant rice varieties is the most economical 
and effective measure for controlling these pests. Yellow stem borer (YSB) Scirpophaga 
incertulas(Walker) is unquestionably one of the most serious pests resulting in yield loss in all rice-growing 
countries. 
Although, biological control using Trichogramma spp. demonstrated positive  results but insecticides still 
remains as the first and main tactic. Digestive carbohydrases contain α-amylases, glycosidases, 
xylanases, chitinases and pectinases but α-amylases have crucial role in digestion of dietary starch and 
glycogen as the initial energy sources of insects. To date, some major crop plants have been rendered 
insect resistant through stable ectopic expression of insecticidal δ-endotoxin protein genes of Bacillus 
thuringiensis (Bt). also, the mitochondrial genome is the most extensively studied genomic system in 
insects. Mitochondria also have functions in apoptosis and cell aging, meaning that mitochondria are 
implicated in many degenerative diseases of aging. 
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INTRODUCTION 
 

 Rice is the world’s most important food crop and is the staple food for 50% of the global population (Barrion , 
2007). The crop is attacked by several insect pests from  nursery to harvest, which cause severe yield loss in one 
region of the country or another (Asghar , 2009). Yellow stem borer (YSB) Scirpophaga incertulas(Walker) has 
emerged as one of the most important pests of rice during post green revolution years throughout the country (Alam 
, 1992; Bandong  and Litsinger, 2005; Krishnaiah , 2008). The extent of rice yield losses due to YSB has been 
estimated as 20–70 % (Catling , 1987; Chelliah , 1989). Both biotic and abiotic factors are believed to be responsible 
for pest population dynamics (Singh , 2009). Climatic factors such as temperature, rainfall, and relative humidity 
greatly influence  the outbreak of the insect population (Chen , 1968; Heong , 2007; Siswanto , 2008). Population 
dynamics of YSB like any other species are thus liable to fluctuate according to the dynamic condition of its 
environment (Chen , 1968; Khaliq , 2014). Quantification of important mortality factors, both  biotic and abiotic is 
needed to reliably forecast insect populations. Besides, knowledge of the seasonal abundance and population build 
up trend is essential to ensure timely preparedness to tackle  impending pest problems and prevent crop losses (Das 
, 2008).  
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Genetic engineering strategies to develop insect resistant crop  
 To date, some major crop plants have been rendered insect resistant through stable ectopic expression of 
insecticidal δ-endotoxin protein genes of Bacillus thuringiensis (Bt) (Gatehouse, 2008; James, 2010). The 
lepidopteran rice yellow stem borer (YSB,Scirpophaga incertulus) is unquestionably one of the most serious pests 
resulting in yield loss in all rice-growing countries. In fact, different laboratories have successfully transferred 
cry1toxin genes (Fujimoto , 1993; Wünnetal.1996; Nayak , 1997; Ghareyazie , 1997; Cheng , 1998; Tuetal, 1998, 
2000; Wangetal, 2001; Yeetal, 2001a,b; Khanna and Raina, 2002; Datta , 2003; Chenetal, 2005; Huang , 2005; Ho 
, 2006; Tang , 2006; Chen , 2010) to a number of rice cultivars to develop YSB-tolerant Bt rice lines. Ideally, an 
effective insect resistant Bt-rice line should have the intrinsic capacity to neutralize YSB inflicted damage. To achieve 
this, high Bt toxin gene expression in plant tissues is essential. However, this is rarely achieved for unknown technical 
challenges. 
 
Characterization of the complete mitochondrial genome of Chilo auricilius  
 esamia inferens(Walker) (Lepidoptera: Noctuidae),Chilo suppressalis (Walker),Tryporyza incertulas(Walker) and 
Chilo auriciliusDugeon (last three, all Lepidoptera: Crambidae) are all well-known rice pests that are widely distributed 
in the main rice-growing regions of China (Wu , 2003; Yang and Xie, 2006; Zhong , 2007). The pink stem borer,S. 
inferens, is an important rice pest widely distributed in China, Japan, India, and other countries. In China, it is found 
as far north as 34°N (Xu , 2011). the mitochondrion is a fundamental eukaryotic organelle, descended from an 
alphaproteo bacterium that formed a permanent symbiosis with the ancestral eukaryote about 2 billion years ago. Its 
best-studied function is energy production via oxidative phosphorylation (Cameron, 2014). To date, the mitochondrial 
genome is the most extensively studied genomic system in insects. Mitochondria also have functions in apoptosis 
and cell aging, meaning that mitochondria are implicated in many degenerative diseases of aging (Lane, 2005). The 
mitochondrial genomics of arthropods have been studied extensively; the complete genomes of over 600 species 
are available, making them second only to vertebrates as the most studied metazoan phylum (Cameron, 2014). 
Insects represent approximately 80% of the arthropod mitochondrial genomes that have been sequenced. To date, 
about 74 complete or nearly complete mitogenomes of Lepidoptera have been sequenced, from 132 families. Within 
most orders, mitochondrial genomes representing each of the major subordinal lineages are now available and 
representation at the family level is steadily improving (Cameron, 2014). 
 
Development of elite rice lines through marker-assisted breeding  
 Rice is a staple food crop around the world, and rice production is greatly affected by numerous insect pests. 
The rice brown planthopper (BPH) (Nilaparvata lugens), leaf folder (Cnaphalocrocis medinalis) and stem borer (Chilo 
suppressalis and Scirpophaga incertulas) are the most  estructive rice pests. They attacked most rice growing areas 
in Southeast and East Asia, resulting in significant yearly yield losses (Wang, 2006). Chen  (2005) and Tang  (2006) 
introduced the modifiedcry2Aandcry1C gene into the indica CMS restorer line Minghui 63, and developed the 
transgenic rice T2A-1 and T1C-19, respectively. Under artificial inoculation conditions in the field, Minghui 63 was 
severely damaged by leaf folder and stem borer, while T1C-19 was not harmed and only a few plants of T2A-1 were 
attacked by leaf folder and stem borer (Chen , 2005; Tang , 2006). Zheng  (2011) also found that T1C-19 and T2A-
1 had strong resistance to both leaf folder and stem borer, and T1C-19 was more toxic to insects than T2A-1. These 
Bt rice varieties could provide germplasms for the breeding of new rice varieties possessing tolerance to leaf folder 
and stem borer. 
 
Effect of Polygonum persicaria Agglutinin on Digestive α-amylase of Rice Striped Stem Borer  
 Rice striped stem borer, Chilo suppressalisWalker (Lepidoptera: Crambidae) is the major pest of rice in north of 
Iran (Khanjani, 2006). Although,  biological control using Trichogramma spp. demonstrated positive  results but 
insecticides still remains as the first and main tactic (Zibaee , 2009). Digestive carbohydrases contain α-amylases, 
glycosidases, xylanases, chitinases and pectinases but α-amylases have crucial role in digestion of dietary starch 
and glycogen as the initial energy sources of insects. α-Amylases (EC 3.2.1.1) are hydrolyzing enzymes that catalyze  
breaking-down of inner and long α-1,4-glucan chains in starch and  glycogen (Nation, 2008). Several studies revealed 
that the enzyme has molecular  weight of 48–60 kDa, pI values of 3.5–4.0, and Km values by using soluble  starch 
~0.1% (Terra and Ferriera, 2012 ). Also, it has been reported that α-amylases are calciumdependent and those are 
activated by chloride with displacement of pH optimum [Terra and Ferriera, 2012]. Zibaee  (2008) reported that 
activities of α-amylase in  the midgut and salivary glands of C. suppressaliswere 0.06 and 0.036  μmol/min/mg protein, 
respectively. The optimal pH and temperature of the enzyme found to be 9 and 35-40°C which is consistent with 
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reports of other lepidopteran insects. Finally, the authors demonstrated that the  α-amylase was inhibited by addition 
of NaCl, KCl, MgCl2 , Urea, EDTA, and SDS while CaCl2 enhanced enzymatic activity (Zibaee , 2008). 
 
Spatial Distribution and Minimum Sample Size for Overwintering Larvae in Paddy Fields  
 Fifty species belonging to three families, Pyralidae, Noctuidae (both Lepidoptera), and Diopsidae (Diptera), are 
known to attack cultivated rice. Thirty-five pyralids belonging to 12 genera, 10 noctuid species belonging to 3 genera, 
and 5 diopsid species belonging to the genus Diopsis have been recorded as rice stem borers. The pyralid  borers 
are the most common and destructive, and usually have high host specificity (Pathak and Khan, 1994). The rice stem 
borer (RSB), Chilo suppressalis(Walker) (Lepidoptera: Pyralidae), is described as the most destructive and persistent 
key pest of rice in many parts of the world (Pathak and Khan, 1994; Cheng , 2010). Spatial distribution is a typical 
trait in insect populations and is an important characteristic of ecological communities (Debouzie and Thioulouse, 
1986). Knowledge of the spatial distribution provides useful information not only for theoretical population biology but 
also for field monitoring programs (Arbab and McNeill, 2014). Analysis of the spatial distribution of insects allows for 
an estimation of pest densities and identifies key timing for pest management decisions that allow growers to 
minimize costs of control (Khaing , 2002). Results based on this equation parameters suggesting that minimum 
sample sizes needed for a precision level of 0.25 were 74 and 20 rice stubble for rice stem borer larvae when the 
average larvae is near 0.10 and 0.20 larvae per rice stubble, respectively (Arbab, 2014). 
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