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ABSTRACT 

Rice is grown on over 145 million hectares in more than 110 countries in the 

world. It is staple diet of over half of the world’s population and occupies almost 

one-fifth of the total world crop land under cereals. Rice crop is also staple food of 

2.7 billion peoples in developing countries. Almost 90% of the rice is grown and 

consumed in Asia.  

 

Rice plays an important role in the economy of Pakistan. It is major foreign 

exchange earner and about 18% of the total foreign exchange is shared by rice. It 

comes next to wheat as the staple diet and second cash crop next to cotton in  

Pakistan. Rice is exported around 3.1 million tones earning 1125.82 million US 

Dollars. 

 

The rice crop is subjected to attack by more than hundred species of insect 

pests in the world. More than seventy species of insect pests have been reported to 

attack rice crop in Pakistan, of which twenty four species of pests have been 

commonly observed in Sindh. Among the pests, stem borers are major insect pest of 

rice crop and responsible for economic crop losses. Twenty one species of stem 

borers are known to attack rice in the world, of which nine different species have 

been reported in Pakistan. Among the stem borers, the yellow rice stem borer 

Scirpophaga incertulas (Walker) is one of the most important to cause colossal losses 

to rice crop. Globally, S. incertulas alone causes yield losses of 10 million tones. In 
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Pakistan, more than  90 percent damage was recorded by S. incertulas on rice crop 

in Pakistan. 

 

 It is a monophagous insect pest. It attacks rice crop from the seedling stage  

to harvesting stage and thus can cause complete loss to affected tillers.  

 

In Pakistan, insecticides are the main tool to control stem borers. Use of 

insecticides cause environmental hazards besides various others. Keeping in view 

the pesticide induced problems; present study was designed to integrate various 

tactics to control rice stem borers.    

 

The efficiency of Neem, Clap-trips and Colocynth Tobacco extracts and 

chemical insecticide Karate 2.5 EC was investigated against yellow rice stem borer, 

S. incertulas to restrict pest population. Plant extracts significantly suppressed the 

population of S. incertulas. The average white heads percentage was noted from 

30.63 to 44.77 and 3.72 to 4.00 per cent less in the year 2006 and 2007, respectively 

in the treated plots than the untreated plot (control). All the treatment including 

chemical insecticide Karate (standard check) gave the lowest dead hearts and white 

heads percentage and more numbers of productive tillers and filled grain panicles 

than the untreated plot (control). The plant extracts have equally controlled S. 

incertulas as with chemical insecticides. Extracts of Neem, Clap-trips and Colocynth 

extract produced higher yield than the Tobacco extract and Karate. Maximum 

number of the different predators were found in neem extract treated plots. On the 
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basis of tiller infestation, high yield and the number of the predators, neem extract 

can be recommended as alternative insecticide against insect pest of rice crop.  

  

 Genetic variability of rice varieties to stem borer attack was significantly 

observed. Scented rice entries: Lateefy, DR-65, Basmati 385, Basmati 370, Shaheen 

Basmati, DR-66, DR-61, DR-67, IR67017-13-3-3, PARC-228, Ambreen were noted 

more susceptible than the coarse rice entries for yellow rice stem borer. The 

aromatic rice entry Lateefy was recorded moderately resistance to S. incertulas 

under field and green house conditions than the other aromatic entries. The medium 

maturing coarse rice entries: Tox 3241-21-3, LTPR-4-32-1-1-1, ITR-344, LT9852-5-

2-1-1, CT22048-3, KAJAT-2, IR86949-1, TCX3162-11-1-2-1, IR65077-33-1-3-3, 

IR68068-99-1-33, DR-58, IR-6 were comparatively more damaged by yellow rice 

stem borer as compared to the early maturing rice entries: DR-83XDR-92, DR-

83XDR-46, DR-82XS.Kangani, ZHONG-XIANGI, IR72885-1-4-1-4-3-6, JIANG-

ZHOU-XIANGNUD, DR-64 and DR-83. 

 

Date of rice transplanting also significantly influenced the stem borer attack. 

The lowest infestation by S. incertulas was recorded to the 10th July transplanted 

crop producing highest yield per hectares. The late transplanting of rice crop in 

(August) helped in increasing population of S. incertulas, consequently reducing the 

paddy yield. 
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Harvesting of paddy at certain levels from soil surface also influence the 

population of hibernating stem borer larvae. As stubbles height increased larval 

population of S. incertulas increased. Maximum population of the pest was recorded 

on stubble height 15 cm. Harvesting of the rice crop should be done 15-20 cm above 

soil surface. Close harvesting and immediate shifting of harvested paddy will 

decrease larval population of S. incertulas in stubbles.  

 

The rice field should not be left fallow or cultivated without ploughing. 

Mould Board (MB) plough should be used in rice field for severe larval mortality of 

S. inertulas.  

              

              The damage by S. incertulas was observed after fifth week of transplanting. 

So before fifth week of transplanting application of control measures are not 

beneficial.  

 

Two isolates (274 and 373) with concentration ranging from 105 to 109 

spores/ml of the fungus Beauveria bassiana were tested on eggs, larvae and pupae of 

S. incertulas. The maximum mortality was noted at higher concentrations 

(spores/ml). The higher concentrations also reduced egg hatching. The isolate 

No.274 was more pathogenic than the isolate No.373 to control S. incertulas.   B. 

bassiana has a great potential to control the pest.  No effect of B. bassiana was 

recorded on the predators.  
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Eating response of the predators (Coccinelid beetle, Carabid beetle, Meadow 

Grass hopper and Damsel fly) increased as density of eggs and larvae of S. incertulas 

increased. Among the predators, maximum number of the immature stages of S. 

incertulas were eaten by Coccinelid beetle.  Therefore, we can say that Coccinelid 

beetle Synhamovia octamaculata is a voracious predator of immature stages. The 

damsel fly ate significantly less number of eggs and larvae of S. inncertulas than did 

the other predators.  

  

 If the damage caused by S. incertulas reaches economic threshold level 

(ETL), besides other control measures introduction, of the predators will be 

beneficial for the reduction of pest population. The predators are part of biological 

control:  non hazardous way to keep pest populations under check. 
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 CHAPTER 1  

1. INTRODUCTION 

 Rice (Oryza sativa L.) is one of the most important crop in the world, 

providing food for nearly half of the global population (Khuhro, 1988; FAO, 2004). 

It is a key source of employment and income for rural people, most of who live in 

developing countries. Rice is grown on over 145 million hectares in more than 110 

countries. It occupies one fifth of the world crop land under cereal (Pathak and 

Khan, 1994). Almost 90 % of the rice is grown and consumed in Asia. It is used as a 

food more than two billion people in developing countries of Asia (FAO, 1995; 

Khush and Brar, 2002).   

     Rice plays an important role in the economy of Pakistan. It is a major foreign 

exchange earner. Rice comes next to wheat as the staple diet and second cash crop 

next to cotton crop in Pakistan (Shafique and Ashraf, 2007). About 18 % of the total 

foreign exchange is shared by rice (Salim, et al., 2003; Bhutto, et al., 2007).  Rice is 

considered one of the potential export crop that can provide foreign exchange to the 

country. It has also important socio economic impact since large number of the 

labor force is employed in the rice sector (FAO, 2004).   

 1.2  IMPORTANCE 

The rice plant is subjected to attack by more than hundred species of insects, 

twenty of them can cause economic damage (Chatterjee and Maiti, 1979). They 

infest all parts of plants, at all growth stages (Pathak and Khan, 1994). Among them, 

the rice stem borers are the main devastators, which are responsible for economic 

crop losses in Pakistan (Mahar and Hakro, 1979). Among the stem borers, yellow 

rice stem borer, S. incerulas (Walker) is the most destructive insect pests of rice crop 

(Mahar, et al, 1985). Globally, yellow rice stem borer alone causes yield losses of 10 
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million tones and accounts for 50% of all insecticides used in rice field (Huesing and 

English, 2004). The stem borer attacks to rice crop from the seedling stage to the 

harvesting stage and thus causes complete loss of affected tillers (Salim and Masih, 

1987). Dead hearts are produced when the insect attacks at vegetative stage while 

white heads occur when the stem borer attack at the time of heading (Mahmood –

ur- Rehman et al., 2007). Ukwungwnu (1990) reported yellow rice stem borer as an 

important insect pest of rice in most part of the world. It has been implicated as the 

major constraint to rice production worldwide. 

Pathak (1970) reported that about 80 percent yield of rice can be increased 

with the control of insect pests. Insect pests are one of the biological constraints that 

limit rice production throughout the world (Bhatti et al, 1996). In Pakistan, the yield 

loss attribute to insect pests was estimated about 15-17 % (Hashmi, 1994). Yellow 

rice stem borer S. incertulas) is responsible for a steady annual damage of 15-10 % 

of the rice crop with local catastrophic outbreaks of up to 60 % damage (Catling 

and Islam, 1981; Pathak and Khan 1994; Daryaei, 2005.) More than seventy species 

of insects have been reported to attack rice plant in Pakistan (Hashmi, 1994) 

whereas Mahar (1982) reported only twenty-four species in Sindh. Among them, 

yellow rice stem borer S. incertulas is predominant species to cause significant yield 

losses each year to the rice crop (Mahar and Hakro, 1979; Salim et al, 2003) 

Yellow rice stem borer remains active from April - October and passes 4-5 

generations in this period. The larvae of the last generation hibernate in rice 

stubbles from November to the end of March and early April (Rehman et al, 2002). 

The hibernating larvae enter in diapauses and remain in their hibernation until 

pupation (Mahar and Hakro, 1979). The cycle behaviours of the yellow rice stem 

borer, its period of activity, infestation and growth trends are peculiar to plan a 

sound pest management program. Sonatakke et al., (1997) recorded more incidence 
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of yellow rice stem borer in the farmer’s practice than the field subjected to 

Integrated Pest Management.  

Indiscriminate use of chemical pesticides has caused major outbreaks of 

insect pests. In the last three decades, only attention was paid to chemical control of 

pests in Pakistan. Integrated pest management (IPM) offers promise to reduce 

dependence on pesticides. Pest management is an intelligent selection and use of 

pests management tactics by taking into consideration appropriate economics, 

ecological and sociological factors (Salim et al., 2003).  

The use of chemical insecticides has created many problems such as 

environmental hazards, resistance in target species (Hollomon, 1993). A part from 

environmental hazards, the import bill of pesticides impose additional burden on 

Pakistan economy. In addition, poor farmers can not afford to apply expensive 

insecticides.  In Pakistan insecticides are not applied at the right time or at right 

places.  Non judicious uses of pesticides leave residues in food   and   increase the 

resistance of pest populations (Markham et al., 1991). Resistant insect populations 

can destroy the effectiveness of pesticides. The wrong use of chemical insecticides 

can also be harmful to human beings and the environment (Schwab, 1989). 

Predators consume a large number of prey, and do not damage plants. They 

can achieve equilibrium in pest control. Spiders have been considered important 

predators which help to regulate the population densities of insect pests (Dondale, 

1956; Kajak et al., 1968; Fox and Dondale, 1972). Predators play an important role 

in the control of agriculture pests. They have not usually been treated as an 

important biological control agent, because there is so little information on the 

ecological role of predators in pest control. Kim (1992) reported that predators in 

rice fields start to buildup their populations in the mid of July, 40 – 45 days after 
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transplanting. The same pattern is seen in Japan, which has a similar agricultural 

environment (Kobayashi and Shibata, 1973). 

  However, research has shown that spiders in rice fields can play an 

important role as predators in reducing the populations of insect pests of rice crop 

(Hamamura, 1969; Gavarra and Raros, 1973; Choi and Namkung, 1976; Kobayashi, 

1977; Chiu, 1979; Holt, et al., 1987). Indiscriminate use of pesticides can easily 

disrupt the natural balance between insect pests and their natural enemies. Thus, 

although insecticides may be needed in some cases, they must be used judiciously in 

order to maximize the effect of the natural control agents (Mueller, 1980; Reissing et 

al., 1986).    

It is important to realize that a few insect pests occurring at levels which 

cause no economic damage are helpful to provide food to maintain population of 

beneficial species at levels which can prevent damaging pest outbreaks. It is 

extremely costly to mass rear predators for release in rice fields. Conservation of 

bio-control agents is prime important and can be achieved by limiting broad-

spectrum insecticides use, or by applying insecticides which are selectively toxic to 

pests but not to predators (Thomson, 1994; Shepard et al., 1995).  

Insect pest control through conventional methods has often been found to be 

difficult under intensive cultivation of crops. Emphasis has been given in the recent 

past on the importance of pest management involving a sound knowledge of ecology 

of the key pests. One of the important components in pest management is biological 

suppression of insect pests employing pathogens like viruses, fungi, bacteria, 

protozoa and nematodes as bio-control agents. The pathogens cultured in vitro are 

employed either for short-term control equivalent to chemical control or long-term 

biological control (Jayaraj, 1986). 
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Microbial control is harmless and non-toxic to many forms of life. There is 

relatively high degree of specificity in most cases which assists to protect non-target 

organisms. Many insect pathogens are compatible with insecticides and can be easily 

incorporated in the insect pest management system. Their large scale culture and 

application is relatively easy and inexpensive in most cases. Generally, resistance in 

insects to pathogens is not developed in most cases or may develop slowly compared 

to insecticides. In view of the above advantages, microbial control has been given 

importance in pest management in many countries (Jayaraj, 1986). 

The entomopathogenic fungus Beauveria bassiana (Bal.) is widely regarded as 

one of the most promising species and also known for potential development into a 

practical insect biocontrol agent (Khachatourians, 1986; Leathers and Gupta, 1993). 

It has a well developed chitinolytic system (Coudron et al., 1989), which has been 

considered to be important for causing pathogenicity in lepidopterous pests 

(Samsinakova and Misikova, 1973). The fungus B. bassiana has a great potential as a 

myco insecticide and also more effective than chemical insecticides (Dhuyo, 1997). 
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1.3 OBJECTIVES 
 

1. Evaluation of botanical pesticides to suppress population of Yellow Rice Stem 
Borer in field condition. 

 

2. Varietals resistant (in field and green house) 

 a)  Fine Rice Varieties 
b)  Medium Maturing Rice Varieties. 

 c)  Early Maturing Rice Varieties. 
 

3. To determine cultural (Agronomic) practices on the survival and the mortality 
hibernating larvae of yellow rice stem borer. 

 

4. To test the different sowing time on the population of yellow rice stem borer. 

 

5. To determine the survival and the mortality of diapauses larvae of yellow rice 
stem borer on the various cutting of rice crop. 

 

6.     Life table of Yellow Rice Stem Borer as related rice crop growth period. 

 

7. To study biological agents of yellow rice stem borer in field and laboratory 
         conditions. 
 

8. Functional response of the predators on the population of yellow rice stem  
  borer. 

 

9.  To evaluate the infectivity of the fungus B. bassiana to the yellow rice stem borer. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 7

CHAPTER 2 
 

2.   REVIEW OF LITERATURE  

2.1   RICE  

Rice (Oryza sativaL.) belongs to the family Poaceae. Rice is grown in a wide 

range of environments from the equatorial tropics to the sub tropical mid-latitudes 

from low land paddy fields to high altitudes terraces (Salim et al., 2003) 

Table 2.1 Rice area, production and yield of Pakistan and Sindh 

Year Area Thousand hectares Production Thousand tones Yield Kg/ha 
Pakistan Sindh Pakistan Sindh Pakistan Sindh 

2003-04 2.208 0.461 4.414 1.299 1887 2514 
2004-05 2.501 0.551 4.948 1.461 1976 2686 
2005-06 2.531 0.593 5.339 1.688 2110 2847 
2006-07 2.571 0.598 5.328 1.762 2072 2946 
2007-08 2.571 0.600 5.540 1.810 2198 3017 
Average 2.466 0.561 5.114 1.604 2049 2802 

Source: Agriculture Statistics of Pakistan (2008) Ministry Food and 
Agriculture, Islamabad 

  

The average area under the rice crop in Pakistan during the last five years 

2003-2008 is 2.466 million hectares. The average production of the same period was 

5.114 million tones. In Sindh province the average area and production during the 

same period stood at 0.561 million hectares and 1.604 million tones. Average yield 

during the period for Pakistan and Sindh were 2049 and 2802 kg/ha, respectively. 

Rice is exported 3.129 million tones and earned 1125.82 million US Dollars 

(Agriculture Statistics of Pakistan, 2008).    

2.2               AGRO- CLIMATIC ZONES 

Salim et al. (2003) reported rice can successfully be cultivated throughout 

Pakistan, but major areas of its cultivation are confined to four ecological zones. 
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2.2.1 ZONE 1 

Northern mountainous area- either in flat valleys or terraced valley- side. 

The climate is sub-humid monsoon, with 750 to 1000 mm average rainfall, mostly in 

summer. The maximum day temperature is 35 ◦C, adequate for coarse rice varieties. 

Active rice growing period is three months. At lower altitude, short duration 

varieties, such as Basmati 385, can be grown successfully. The major problems are 

cold injury, stem borers and grasshoppers.    

    2.2.2   ZONE 2  

This zone lies in the broad strip of land between rivers Ravi and Chenab, 

where both canals and sub-soil water are used for irrigation. The climate is sub-

humid, sub-topical type with 400 to 700 mm rainfall, mostly in July-August. 

Maximum day temperature is 40 ◦C. Rice growing season is fairly long and suitable 

for cultivating fine (aromatic) as well as IRRI varieties. The ‘‘Kalar‘’ tract which is 

the abode of the world famous Basmati rice is located in this zone. Bacterial blight 

and stem borers, white backed plant hopper and leafhopper are major pests.  

2.2.3  ZONE 3 
 

The long extremely hot summers are well suited to growing coarse rice 

varieties. Upper Sindh, districts are Jacobabad, Shikarpur, Larkana and some 

taluka of Dadu like K.N. Shah and Mehar. Major problem are Stem borers, White 

Backed Plant Hopper, Mealy bugs and leaf folder cause substantial yield losses. 

  
2.2.4       ZONE 4 

The Indus delta-vast spills flats and basins. The latter are mostly irrigation. 

The climate is arid tropical with no marked season and is highly suited to coarse 

varieties. The overall yield is lower than zone 3.  Lower Sindh, including Districts 
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Tando Muhammad Khan, Badin and Thatta. Coarse rice varieties are cultivated in 

lower Sindh. Stem borers are major problem. 

 

 

 

 

  Figure 2.1 Rice areas in Pakistan 
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2.3  YELLOW RICE STEM BORER  

S. incertulas, commonly known as the yellow borer of rice, the paddy stem 

borer, or the rice stem borer, has so far been recorded as Schoenobius incertulas, 

Schoenobius incertellus, and Schoenobius bipunctifer (Banerjee and Pramanik, 

1964). It is distributed widely, covering almost all Asian countries. It is a serious rice 

pest in India, Pakistan, Burma, Ceylon, Indochina, China, Japan, Formosa, the 

Philippines, and Indonesia (Banerjee and Pramanik, 1964). 

 
2.3.1  THE ADULT 

 
Puttarudriah (1945) studied that the female moth is bigger than the male. 

The forewings are bright yellowish-brown with a clear single black spot in the 

center. Its wing venation is prominent; antennae, filamentous and un-segmented; 

maxillary palpi, well developed, erect, and longer in the female than in the male; and 

its proboscis, vestigial. The abdomen is wide; the tip is covered with tufts of 

yellowish hairs, forming a circle around a ventral opening. The male moth is pale-

yellow. It is smaller than the female; its abdomen is slender and the anal end has a 

thin, hairy covering dorsally. Spots on the forewing are not conspicuous. The 

maxillary palpi are short and well developed (Figure 3). 

 
The moths are difficult to find during the day, even when a large population 

is present. Puttarudriah (1945) observed that they are inactive during the day, but 

can be seen sitting on stems and leaves. They are active in the evening. At dusk, 

especially on still, warm, humid night after a rain, the moths fly and mate in the 

early evening. They have strong flight power (Kalshoven, 1950).  
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2.3.2 HIBERNATION   

Kawada et al. (1934) observed the mature larval stage takes place in the 

stubble of a winter crop. The larvae are found in their cocoons in the stubble, as far 

below as the root region, and pupate before the onset of the hot season. The pupal 

stage lasts about three weeks. Kawada et al. (1934) reported that the mature larvae 

pass the winter in rice stubble in a stage of diapauses, and as soon as warm weather 

begins in April- May, the larvae pupate. They further stated that the larvae are 

vulnerable to low temperature and high moisture; the percentage of mortality 

increase during a cold winter. Since the stem borer cannot survive in the cut straw, 

it goes down into the stubble to spend the period between harvests. Therefore, is 

detrimental to the borers. In Japan, where this is practiced, the stubble harbors far 

fewer borers than in Formosa, where six inches of stubble is left on the ground 

(Shiraki, 1917).  Normally, the population of hibernated larvae is low in stubbles 

harvested from near the soil surface.  

2.3.3  OVI-POSITION AND THE EGG 

 Puttarudriah (1945) noted that the female moths lay eggs early at night in 

small masses covered with a felt like, buff-colored mass of hairs and scabs derived 

from the anal tuft of the female. The number of eggs is a cluster ranges from 15 to 

80, the average being 25. The eggs are placed on the upper surface of growing leaves 

near the tip region. Kalshoven (1950) recorded the number from 100 to 150 eggs. 

The eggs are creamy white, flattened, oval and scale like. Before hatching, the eggs 

darken to a purplish tinge. 

      The eggs hatched in 5 to 8 days during the monsoon months. 

Puttarudriah (1945) described six instars of the larvae. The first instar larvae are 1.5 

mm long and 0.5 mm wide. The body is pale white, the head and prothoracic shield 

dark brown and prominent. The first moult takes place 5 to 6 days after hatching. 
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The second-instar larvae 8 days after hatching are 3.0 mm long and 0.5 mm wide 

and are pale, dirty white, mottled dorsally and whitish ventrally; the head and 

prothoracic shield are clear and light brown. The second moult occurs 4 to 6 days 

after the first moult. The third instar larvae 15 days after hatching are 3.5 to 4.0 mm 

long and 0.75 mm wide, and are dirty white with a space between each of the 

segments marked by a dark ring. The third moult takes place 5 to 7 days after the 

second moult. The fourth instar larvae are 5.0 mm long and 1.0 mm wide and are 

dirty yellow. The fourth moult takes place 10 to 12 days after the third moult, and 

the fifth-instar larvae are 8.0 to 9.0 mm long and 1.5 to 2.0 mm wide. Their generally 

body color is white and they have a brown or orange-yellow head. The fifth moult 

occurs 9 to 10 days after the fourth moult. The sixth-instar larvae are 12 mm long 

and 2.0mm wide and have the same color as the larvae of the previous instar. Some 

of the full-grown larvae are up to 20 mm long, white or yellowish-white, and with a 

well-divided prothoracic shield. The abdominal prologs are reduced and the 

crochets are short and stout, arranged in a single narrow ellipse.  This pest is active 

from April to October and hibernates from November to March as full-grown larva 

in rice stubble.  

2.3.4  LARVAL HABITS  

Puttarudriah (1945) pointed out that the newly hatched larvae move 

downward and wander about on the plant surface for one or two hours. They may 

hang down by a silken thread, get blown off to other plants, land on the water of the 

paddy field, swim freely in search of seeding, and get to the plants. They are at home 

on water because they have an air layer next to their skin (McNaughton, 1917). 

Tender larvae do not survive long in water where no seedlings grow. During these 

wandering stages, high larval mortality is usually observed. Shiraki (1917) recorded 

that only about 10 percent of the larvae developed after a few days when placed on 
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rice plants. They enter the leaf sheath wherever the space is open enough between 

the stem and the leaf sheath, even at the top of the seedling (Puttarudriah, 1945), 

and feed upon the green tissues of the stem or the sheath for two or three days. They 

then bore into the stem or the sheath, if the latter is thick enough. Some are found to 

bore into the leaf sheath at the base from outside. Often, the entrance site of the 

borer is a node region. The caterpillars bore in at several places, searching for a 

suitable entrance. After attaching themselves to the stem they feed on the inner 

tissues and grow. At this stage the larvae distinctly tends to disperse; this explains 

why rarely is more than one larva found in a stem. Frequently the larvae leave the 

stem after a week. They come out and move to other plants, often making for 

themselves cylindrical case from rolled-up leaf tips in which they drift on the 

irrigation water in search of a fresh host plant. Older larvae from the second instar 

onward have been to make leaf cases (Puttarudriah, 1945). The larvae spin thread 

from one leaf margin to the other, thus making a cover over them; the margin 

gradually close up and join as the threads harden and contract. The case is cut at the 

tip, then at the base, and falls down on the water. The larvae thus encased, with 

protruding head and thorax, wriggle on the water. They put out a part of their body 

to reach for the base of a new plant. Shiraki (1917) claimed that the floating stage 

may last for one to three days, during which the larvae becomes darker. These cases, 

each of which takes an hour, on the average, to prepare, are made only at night. 

After reaching a new plant, the larvae bore in, leaving their cases sticking to the 

stem at right angle. The average time for boring in is an hour and a half. During 

rearing, the larvae stay individually within paddy stem bits or cut portions of the 

stem, the cut cylindrical portion ganging from the mother stems, remaining attacked 

at one side or falling to the ground. This apparently is a safe means of migration. 

The larvae within these small bits look very much like those of the rice case worm. A 
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large number of larvae exhibited this behavior under laboratory condition. The 

symptoms of ‘dead heart’ on young plants appear on the fourth day after boring. 

The tip of the central shoot fades and dries up in a day or two. The larvae then 

abandon the damage plant and search for a new one. In order plants, the injury 

causes white, empty ear heads. In mature crops, the young larvae, which may be of 

first or second instar, have been observed to bore into the stalk at the top region, 

below the ear head; at this stage, a number of them are found in the same stalk. 

2.3.5      PUPATION 

Puttarudriah (1945) recorded that the full-grown larvae make a thin silken 

case over themselves in the stem soon after the prepupal moult. Before pupation, 

they make an exit hole covered with thin webbing. The white silken cocoon is closed 

at the upper end by an oerculum, the lower end being rounded and baglike (Pagden, 

1930). A silken tube leads to the hole in the stem which is closed by several 

membranes. Pupation always takes place in the stem, mostly in the lowest node of 

the plant or just above the water level in the early generation. Puttarudriah (1945) 

found that in seedling they pupate in the root region only. 

 Isaac and Venkatraman (1941) observed that the pupae usually are 12.0 mm 

long and 3.0 mm wide, pale at the first, then gradually turning dark brown; the 

abdominal regions, however, remain pale. The pupae are partly execrated, and the 

tips of their appendages are free. The pupal period is usually 6 to 10 days, but may 

be prolonged to a month, depending upon the climate. They also noted that the 

pupation starts sometime in March and the emergence of moths begin in April. The 

moths become active after dusk when they mate and lay eggs on rice plants.  

2.4 POPULATION DEVELOPMENT AND LOSSES  

Egg development takes place at about 160C with an optimum temperature of 

24 to 290C and relative humidity of 90 to 100 percent.  Hatching is drastically 
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reduced at low temperatures of 130C and relative humidity of 70 per cent.  The rate 

of larval development is positively correlated to temperature range from 17 to 350C.  

The threshold for pupal development is 15 to 160C. 

In the past the damage done by borers in rice crop has been very serious. In 

the year 1935 the yellow stem borer was reported as 16% to 67.1% in D.G. Khan 

and Muzaffarabad Districts, Punjab.  In   1942 there was almost total destruction of 

the crop in Narva vally of Tharparkar district. In 1952, there was an out break in 

Tando Muhammad Khan and Matli areas, and the damaged ranged from 30- 50. In 

1957, the out break of yellow stem borer, S. incertulas, was recorded in Larkana 

district and surrounding areas and damage ranged from 30-70% at different places. 

This situation of borer epidemic in rice crop remained serious for about three years 

to control the borer. The infestation at certain palaces was as high as 35%. In the 

year 1966 the borer population was greatly reduced in Larkana and Dadu districts, 

but not at Shikarpur and Jacobabad, were the infestation remained as high as 30% -

50%  (Caryl, 1962; Naqvi 1973; Koehler, 1971). 

2.5 COST BENEFIT 

The control strategy at or near about economic injury level aims at 

optimizing the crop productions with highest   net return. Thus when the crop was 

given pesticide coverage at 60 DAT, at about up to 10% D.H. the single application 

gave a benefit cost ratio 5.44 (Mahar at al, 1985).  The expected benefits from pest 

control are always less than perfect control. The granular insecticides application at 

40 and 60 DAT maximize the crop production but give a lower benefit cost ratio 

than the single application is made at 60 DAT. This optimizes the crop productions 

and gives higher net returns per investment (Mahar et al., 1985). 

           It must, however, be recognized that persistent use of pesticides, over  wide 

areas, may ultimately change the pest complex, and the secondary pests may attain 
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abundance, as is evident from the increasing population of sucking pests including 

mealy bugs Ripersia oryzae and whitebacked planthopper Sogatella furcifera. It is, 

therefore, necessary that instead of a single approach of chemical control efforts to 

obtain integrated control of rice stem borer S. incertulas  have to be made. But the 

feasibility of establishing integrated control of rice stem borer involving minimum 

and safe use of pesticides lies in the development of biological and other methods of 

control that are mutually compatible. Though a number of parasites are reported to 

occur in Pakistan, there is a wide gap in existing knowledge on the life processes of 

parasites and predators and also the pest (Naqvi, 1973). 

2.6 NATURE AND SYMPTOM OF DAMAGE  

2.6.1     VEGETATIVE STAGE 

 Fariduddin Ahmed (1973) observed that larvae of yellow rice stem borer 

feed on green tissue of leaf sheath for 2 to 3 days. Bore into the stem at the nodal 

position and feed on inner tissue of plant – under severe conditions, it bores at the 

base and move upwards – central leaf whorl does not unfold, turns brown – dries 

off. Lower leaves remain green. The young larvae after hatching bore and feed 

inside the stem. He also noted that two types of injury are caused dead hearts (D.H.) 

and white heads (W.H.). The act is in early stage the central shoot dries up resulting 

in the formation of D.H.  The attack is at a later or reproductive stage of rice crop 

referred as W.H. and effected tillers do not produce normal grain. Investigation at 

the IRRI, Philippines have shown that early in the growing season, when the rice 

plant is an active vegetative stage, the plants having D.H. have the ability to produce 

new tillers to compensate for the early season damage. As the season progresses, new 

tillers are produced with a decreasing frequency, when the crop is heading, now new 

tillers are produced. It is, therefore clear that W.H. is a serious form of injury than 

D.H. (Chaudary, 1973; Ghani, 1966). 
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2.6.2 HEADING STAGE        

           Larvae bore at the peduncle node. White heads are the resultant effect. 

Maximum damage occurs at this stage. 

2.7 INTEGRATED PEST MANAGEMENT 

Naqvi (1973) suggested that an integrated pest management programme for 

rice, including use of pest resistant/tolerant variety, minimum one application of 

granular insecticide in water in paddy fields at the vulnerable stage of the crop, non-

application of pesticides during the period when parasites were active and use of 

cultural practices has been evolved and has been practiced under an operational 

research project. This has helped in considerably reducing cost on crop protection 

and minimizing pesticide pollution. 

MOA (2008) reported in biocontrol programme with collaboration of 

Andaman and Nicobar that the adoption of modern technology, comprising of 

introduction of high yielding varieties, use of chemical fertilizers and improved 

agronomic practices during late sixties and seventies has enabled the farmers in 

increasing the crop production two to three folds. Such intensive cropping system 

have also paved the way for emergence of pests, diseases and weed problems, 

necessitating the unilateral use of pesticides. The indiscriminate use of pesticides has 

resulted into several risk factors such as health hazards, ecological imbalance, and 

resistance in pests to pesticides, resurgence of pests and environmental pollution. 

Besides the destruction of natural enemies of pest increased level of pesticides 

residues in soil, water, food and fodder crops have also been noticed above the 

prescribed limit of tolerance. 

Though the usage of pesticides is still a dominating tool to combat pests, it is 

conceded that the use of pesticides alone is not a satisfactory solution to the pest 
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problem. Restriction on indiscriminate use of chemical pesticides is necessarily to be 

imposed by adopting and popularizing, integrated pest management (IPM) 

strategies. IPM is defined as “A pest management that in the context of the 

associated environment and the population dynamics of pest species utilizes all 

suitable techniques and methods in compatible inner as possible and maintains pest 

population at levels below those causing economically unacceptable damage or loses. 

IPM is not our farmers’ community. Summer and post harvest ploughing has been 

in practiced with the farmers to expose soil insect and pupa. Growing of marigold 

plants in commercial crops like chilies and vegetable have been in practice by many 

farmers. IPM is always considered to be economical, effective, practical, and 

protective. It attempts to ensure biological balance in nature, besides increasing the 

cost benefit ratio by minimizing expenditure on pesticides and their application. The 

major tools for the development and practice of IPM strategy are pest surveillance, 

mechanical and physical methods, cultural methods, biological methods, regulatory 

methods and chemical methods.  

2.7.1 BIOCONTROL  

            Biological control is one of the major components of IPM. In nature many 

organisms are surviving by feeding on other insects. Predators, parasites and disease 

of pest are available in abundance, which have been identified to maintain natural 

balances to reduce pest incidence. Use of these natural occurring living organisms to 

check pest population is one of the safest methods of pest management (MOA, 2008).    

The Asiatic corn borer, Ostinia furnacalis, is the most important insect pest of 

corn in Taiwan. Yield loss can be as high as 30% of the total production. Application 

of Trichogramma egg parasitoids in Taiwan has been very successful since the mid-

1980s. The Trichogramma wasps are also important egg parasitoids of many other 
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major insect pests. Other than the aboriginal species, the exotic wasp Trichogramma 

embryophagum was introduced to fortify the biological control of Asiatic corn borer 

in Taiwan (Chen and Lo, 1991; Hou, 1997; Lo, 1997). In combination with the egg 

parasitoid, Bacillus thuringiensis (BT) baits have also been used in the field to 

enhance the control effect. The Bt baits coated with attractant to Asiatic corn borer 

not only prolong the duration of pathogenicity under sunlight, but also stimulate the 

feeding of the borers and there fore greatly improve the control effect (Lo, 1997). 

Use of predators to control spider mites and bulb mites, Forty-seven species 

of native predators has been recorded as natural enemies of spider mites (Tseng, 

1983). This species, along with three exotic species, A. californicus, A. fallacis and 

Phytoseiulus persimilis, have been effectively used for the biological control of spider 

mites on pear, mulberry, tea, strawberry and papaya in Taiwan (Lo, et al., 1986; Lee 

and Lo, 1989; Ho, 1990; Chen and Lo, 1991: Hao, et al., 1996). Predators of bulb 

mites include the Cecidomyid flt and predaceous mites (Hodson, 1928; Gurman, 

1937). Among them, Hypoaspis aculeifer was the most abundant species commonly 

found in the field. H. aculeifer, with the ability to suppress the population growth of 

bulb mites, was proven to be an effective natural enemy (Zedan, 1988; Ragusa and 

Zedan, 1988; Lesna, et al., 1995, 1996, 2000). 

 Lee (1995) found that the green lacewing, Mallada basalis, is an effective 

predator of small insects and mites. Entomologist in Taiwan developed a machine to 

produce encapsulated artificial diets for the green lacewing. The low cost and labor- 

saving rearing system enables the production of large quantities of green lacewing 

within a short period of time . The cost of production was calculated as NT $1.22(US 

$1 = NT$32) per adult (Lee, 2003). Hou (1997) reported that the green lacewing 

applied to papaya, strawberry, Indian jujube, and tea for the control of spider mites, 
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aphids, scale insects, and whiteflies. The control effect is usually better in a confined 

environment. 

 Hou (1997) studied on microbial insecticides. The bacteria, Bacillus 

thuringiensis, some entomopathogenic viruses and fungi are used as microbial 

pesticides. These include Matarhizium anisopliae, Beauveria bassiana, Noruraea 

rileys, and Verticillium lecan. The local microorganism were surveyed and cultured 

to select stains with high infectious rate. Of these, M. anisopliae has been effectively 

used to control some insect pests of vegetables and rice (Hou, 1997).  

2.7.2 CHEMICAL CONTROL 

Many organophosphates insecticides were identified and doses were fixed for 

the management of important insect pests. About 76 insecticides in different 

formulations were screened against different insect pests and many of them were 

recommended for use. The emphasis of a pesticide umbrella to check insect 

incidence was dropped as the new information generated on effective dosages, 

method and time of application led to the development of the need-based chemical 

application approach which aid in minimizing economic loss caused by pest damage 

without resulting environmental pollution. A large number of granular formulations 

of insecticides were tested in soil for the management of stem borer, gall midge and 

leaf and planthoppers. Lindane, diazinon, dursban, sevidol, endrin and carbofuran 

were effective against stem borers. Cytrolane, phorate and dursban were effective in 

reducing gall midge incidence. Both groups of insecticides were also effective against 

leaf and planthoppers. Two applications of any effective insecticide, first between 20 

and 25 days and the second between 55 and 60 days after transplanting were 

effective in checking borer damage while applications at 10 and 25 days after 
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planting were critical for the gall midge. During eighties and nineties, newer 

insecticides like Eviseet, isofenphos, endosulfan and ethioprop as granules at 1 kg 

a.i./ ha were found effective against stem borers in the early stage of the crop. Ficam, 

monocrotophos or quinalphos as foliar sprays at 0.5 kg a.i./ha were effective against 

stem borers at heading stage of the crop. Application of oncol and ethioprop at 1 kg 

a.i./ha was promising against the gall midge. Phorate and BPMC granules were 

effective against the white-backed planthopper. MIPC, monocrotophos or at 0.5 kg 

a.i./ha as spray were effective against brown plant  hopper. Sub-soil application of 

mephospholan, isofenphos or carbofuran granules at 1 kg a.i./ha was effective than 

broadcasting of the same. Dry seed or sprouted seed treatment with 0.02% 

carbofuran, carbosulfan, chlorpyriphos or isofenphos provided effective control of 

both stem borers and gall midge for 30 days. Triphenyltin hydroxide, an organotin 

compound was found to inhibit the feeding activity of first instar larva of yellow rice 

stem borer to the extent of 25-55% when used at 0.02 to 0.1% concentration over 

control (Chen, 1996; Chen and Yu, 1998; Tu and Chang, 1992). 

2.7.3 CULTURAL CONTROL  

Ploughing down or burning of stubbles just after harvest of the crop was 

found to destroy substantial stem borer larval population. Keeping the fields and 

bunds clean and destruction of weeds such as Echinochloa colonum reduced gundhi 

bug population. Mnesethia laevis, E. crusgalli and Panicum species were identified as 

alternate hosts for gall midge. Insect juvenile hormone, ZR-777 was found to inhibit 

metamorphosis of green leafhopper (Agrios, 1987). 
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2.8 MICROBIAL CONTROL 

Jayaraj (1986) was surveyed to find the natural occurrence of microbial 

diseases of insect pests of rice resulted in the identification of three nuclear 

polyhedroses, two nematodes, two bacterioses and several mycoses of rice stem 

borers, leaffolders, leaf rollers, horned caterpillars, brown planthopers, green 

leafhoppers and grass hoppers. The technique of mass production of the fungus 

Beauveria bassiana and the entmophilic nematode Parasitorhabditis sp. was 

standardized. Among these microbes, the bacterium Bacillus subtilis was highly 

effective, resulting in total mortality of lepidopteran rice pests within 48 hours. 

Among several commercial formulations of Bacillus thuringiensis, Thuricide and 

Dipel were highly effective in suppressing the leaf roller as well as yellow stem borer 

population when sprayed in coincidence with the time of hatching of the larvae from 

the egg mass. These biocides persisted up to 15 days after spray and have a greater 

applicability, since they attack the target pest only, thereby helping in maintaining 

the ecological balance in the rice environment.  

Brower, et al., (1996) applied microbial agents for the biological control of 

stored product pests is similar in technique and philosophy to the application of 

chemical insecticides. There are several ways of using these agents for population 

regulation and the reduction of damage. The most common use has been similar to 

that of insecticides where immediate and possibly long term control is provided. 

There is little risk of the development of resistance to microbial agents. Microbial 

control agents have no adverse effects on parasites and predators (Brower, et al., 

1996). 

Balsamo (1835) described a fungus from Bombyx mori at a time when fungal 

taxonomy was the cause of considerable debate. The fungus was assigned originally 
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to the genus Botrytis and named Botrytis bassiana. Several other species of this genus 

have subseduently been found by researches. However, until 1954, the genus 

Beauveria had only two species e.g. B. bassiana and B. tenalla (Mcleod, 1954). 

DeHoog (1972) described two other species namely B. bassiana and B. vermiconia 

was described shortly afterwards (DeHoog and Rao, 1975). More recently, two new 

species of Beaveria have been added; B. velate and B. amorpha (Samsom and Evans, 

1982). Vuillemin (1942) gave a detailed description of B. bassiana. He described the 

fungus as possessing the following characters: hyphae slender, 1.5-2 mm  in 

diameter, hyalite septet; colonies flat, mealy, or finely pulverulent with a chalky 

appearance somewhat like the surface of a newly broken piece of chalk, white to 

pale cream on the surface, does not colour undersurface of the potato dextrose ager; 

phialides, variable in shape, spores developing on the main hyphal branches or on 

short branches at right angle to the main axis; spores globes 2.4 mm in diameter. 

Lefebvre (1934) reported the same characteristic mycelial growth of B. bassiana as 

Vuillemin (1942). He demonstrated that the corn borer isolate of the fungus 

produced a flat, mealy, chalky, pulverulent growth on 15 types of medium. 

Siemaszko (1937) considered that the flat and powdery appearance one of the B. 

bassiana cultures was due to relativity larger quantities of spores that vegetative 

growth. B. bassiana sporulates rapidly and abundantly producing cylindrical spores 

(DeBary, 1869; Peklit 1895; Siemaszko, 1937). The secondary spores are bigger than 

the primary ones. It is evident from the literature that B. bassiana is a brilliant red 

in colour on same artificial media, whereas, on potato dextrose agar (PDA) it is 

white or creamy in colour. Boverosil is a commercial formulation of B. bassiana 

registered for use in Czechoslovakia for the control of residual infestation of stored 

product pests in grain stores and silos (Brower et al., 1996). Hluchy and 

Samsinakova (1989) tested this formulation against greater wax moth larvae 
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(Galleria mellonella) and also adult Sitophilus granaries. They noted high level of 

infestation when the humidity was high. Comparable mortality of S. granarius 

required two to five time the dosage effective for G. mellonella. 

2.8.1 MODE OF INFECTION  

Aspects of the mycoses, including the mode of infection of B. bassiana have 

been reviewed (Ferron, 1981; Roberts and Humber, 1981). The pathogen B. bassiana 

causes as early death by penetrating the host’s integument and growing in the 

haemocoel. Infection occurs as a result of direct penetrating of the cuticle by the 

developing mycelium (Very and Fargues, 1977; Ferron, 1978). The penetration 

process through the cuticle appears to be achieved by both mechanical and 

enzymatic activities of the hypae (Dayer, 1993). Lefebvre (1934) noted that the 

pathogen seemed to produce a substance which was capable of breaking down the 

cuticle of Ostrinia nubilalus larvae. Zacharuk (1970) concluded that the penetration 

of the epicuticle was enzymatic in nature, but was initiated by mechanical action. 

Sammsinakova et al., (1971) agreed with Zacharuk (1970) that the necessity of 

cuticle disintegration for hyphal penetration had not been proved.  Other ways of 

mycelial penetration, for instance through the tracheal system (Clark et al., 1968; 

Hedlund and Pass, 1968) and alimentary tract (Broome, et al., 1976) have also been 

reported. Ferron (1981) stated that infection does not occur through the gut because 

the fungal conidia do not germinate in the insect gut, but possibly enter through the 

mouth parts. 

According to Roberts (1981), B. bassiana requires nine steps to develop an 

infection. 

1- Attachment of fungal conidia to the insect cuticle, 

2- Spore germination on the cuticle, 

3- Penetration into the insect body cavity, 
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4- Growth and sporulation in the haemocoel, 

5- Toxin production and secretion, 

6- Death of host, 

7- Growth in the vegetative phase, 

8- Hyphal emergence to the exterior of the insect, 

9- Production of secondary inoculums, 

Toxin secretion by B. bassiana in vitro and in vivo is signified by a 

disturbance of the biochemical activities of the host body as has been shown by 

many researchers (Roberts, 1981; West and Briggs, 1968; Kucera, 1971). Laborious 

(1990) observed that pathogen affected 6% of larvae and 1% of the adults in the 

larger grain borer, Prostephnus truncatus.  This is the largest group of insect 

pathogens having more than 500 species reported from different insects. Though all 

the four classes of fungi, viz phycomycetes, Ascomycetes, Basidiomycetes and 

Deuteromycetes (Fungi imperfecti) include organisms causing mycoses in insects, the 

classes Phycomycetes and Deuteromycetes are the most important ones. The genera 

Entomophthora, Coelomomyces and Massospora of Phycomycetes and Beauveria, 

Metarhizium, Verticillium, Spicaria, Aspergillus, Isaria and Hirsutella of 

Deuteromycetes are important insect pathogens. The genus cordyceps of 

Asocomycets and Septobasidium of Basidiomycets also contain a few species of fungi 

infecting insect pests (Jayaraj, 1986).  

2.8.2 BEAUVERIA BASSIANA 

Franz and Krieg, (1980) were reported Beauveria bassiana as entomogenous 

fungus and has been isolated from a variety of insects worldwide. This research 

resulted in moderate use of B. bassiana in the Peopl’s Republic of China and in 

Eastern Europe.     In China, B. bassiana is produced in communes and is applied 

against the Europe. Corn   borer, Ostrinia nubilalis, pine caterpillars, Dendrolimus 
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spp., and green leafhoppers, Nephotetix spp. The area treated with B. bassiana in 

1977 was quoted as several 100,000 ha. Another estimate reports that 400,000 ha 

were treated for corn borer alone (Hussey & Tinsley, 1981). Spores are produced on 

boiled rice contained in pits in the ground and covered after inoculation with a 

liquid culture of B. bassiana. The semi-solid fermentation presumably excludes 

large-scale contamination because B. bassiana produces potent antibiotics, e.g 

oosporein. 

 In  the Soviet Union, B. bassiana was produced under the trade name Boverin 

for control of the Colorado potato beetle, Leptinotarsa decemlineate and the codling 

moth, Laspeyresia pomonella (Ferron, 1981). Fungi caused considerable natural 

mortality of L. decemlineata with, on occasions, 80-100%   of over wintering beetles 

succumbing to fungal disease (Sikura and Sikura, 1983). Boverin contained 2 X 109  

conida per gram and was stored for up to 4 months at temperatures from 18 to 220C 

(Lipa, 1985). B. bassiana more readily infects insects that are physiologically 

weakened, and in practice Boverin was used in combination with insecticides. 

Without insecticides, 3 or 20 kg per hectare of Boverin were required to kill 90% of 

1st or 4th instar larvae, respectively.  Obviolusly, such high doses were uneconomic, 

and 2 kg of Boverin were recommended together with a quarter dose of insecticide 

(400 g), normally trichlorphon, per hectare. It is recommended that the treatment be 

applied twice (Kravtsov, 1982). Boverin was used on 7900 ha in 1977 (Lipa, 1985). 

Also attempts have been made to control Colorado beetle with B. bassiana in the US. 

At least one company has produced a pilot product and tested it extensively in field 

trials. The results have been variable, with generally poor control being obtained, 

but occasionally spore application has resulted in spectacular epizootics (Watt and 

LeBrun, 1984). This lack of reliability limits commercial development of this fungus 

for control of Colorado potato beetle. 
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 Roberts and Humber (1981) studied the prospects for developing B. bassiana 

to control certain pests appears promising. Conidial application to young citrus trees 

provided protection from weevils for up to 6 months. B. bassiana has also shown 

great potential for control of the European corn borer, Ostrinia nubilalis. Riba 

(1984) described some 80% mortality of borers after placing conidia in the whorl of 

young corn plants and went on to demonstrate the reliability of B. bassiana in 

controlling this pest: 18 experiments were conducted in France during 1985, and in 

17 cases B. bassiana performed as well as chemical insecticides (Roberts and Yendol, 

1971). B. bassiana was also moderately pathogenic to pupae of the onion fly Delia 

antique though Paecilomyces farinosus and P. fumoso-roseus showed greater activity 

(Poprawski et al., 1985). From the available reports it seem that B. bassiana has a 

future as a mycoinsecticide but only in certain well-defined situations where applied 

spores are protected in an environment with favorable humidity.  

 Ayala and Monzon (1977) reported the effectiveness of B. bassiana at 105 

spores/mg at a dosage of 4-16/tree against the larvae of banana  rhizome borer, 

Consmopolites sordidus. In USSR an industrial preparation of B. bassiana called 

Beauverin or Boverin with 2x109 conidia/g in an inert substrate of kaolin is used. For 

the control of Colorado beetle, Leptinotarsa decemlineata, 2 kg of Boverin at 6x109 

conidia/g and 1/5  of the quantity of normally applied DDT or polychloropinene/ha 

is found effective. Boverian alone at 1 to 1.5 kg at 30 X 101 conidia/ g is also effective. 

In general, two successive treatments at intervals of 2 or 3  weeks are needed. In 

France, similar results have been reported (Ferron, 1978). 

Ferron (1978) used  Boverin at 1 Kg, satisfactory protection of fruits from the 

codling moth (Laspeyresia pomonella) damage was obtained in Ukraine. But 

wherever fungicide application intervened the results were less satisfactory. In 

France and Canada too good results were reported. B. brongniartii when infected 
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into soil as a spore suspension (20x109) conidia/m2 against Melolontha melolontha in 

meadows, an epizootic developed 16 months after, soil inoculation and the disease 

persisted into the next generation. Jayaramiah (1981) found that application of B.  

brongniartii at 105 spores/g of soil along with 50 g of HCH 50% /m2 or 109 spores 

alone suppressed the population of Holotrichia serrata. 
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CHAPTER 3 

EXPERIMENTAL WORKS 

EXPERIMENT NUMBER 1  

T THE EFFICIENCY OF PLANT EXTRACTS TO SUPPRESS 
POPULATION OF YELLOW RICE STEM BORER, SCIRPOPHAGA 

            INCERTULAS (WALKER)  
 
 

1.1 MATERIALS AND METHODS 
 
            The experiment was conducted in the experimental area of Rice Research 

Institute, Dokri, Sindh, Pakistan, during the year 2006 and 2007 in Randomized 

Complete Block Design (RCBD), having 6 treatments and the details of treatments 

are shown in table No. E1.1. 

Table E1.1. Detail of treatments: 

# Treatments Plant Extract English Name Botanical Name 

1 T1 Nim Neem Azadirachta indica 
2 T2 Ak Clap-trips Caloptropis sp. 
3 T3 Trooh Colocynth Citrullas colocynthis 
4 T4 Tamak Tobacco Nicotina tobacum 
5 T5 Karate 2.5 EC (as a reference chemical control) 
6 T6 Untreated (control) 
 

Experiment was repeated thrice in a net experimental area 91 m2. Nursery of 

rice variety DR-58 (Dokri Rice 58) was sown on 3rd June, 2006 and 4th June, 2007. 

Line transplanting was done on 2nd July, 2006 and 7th July, 2007 at 20 x 20 cm hill 

spacing. Plant extracts were prepared with following procedure. 
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1.1.1  Neem (Azadirachta indica) Extract (Picture E1.1):  Leaves and small 

branches of neem (5 kg) were cut into small pieces and mixed with 10 liter water. 

The water was boiled for 30-50 minutes. The solution was kept to become cool for 

about 2 hours then filtered. 

 

                         Figure E1.1 Neem (Azadirachta indica) 

1.1.2  Clap-trips (Caloptropis sp.) extract (Picture E1.2): Leaves and flowers 

claptraps (5 kg) were chopped into small pieces, mixed with 10 liters of water and 

boiled for 30-50 minutes. The solution was allowed to cool for about 2 hours then 

filtered. 

            

Figure E1.2 Clap-trips (Caloptropis sp.) 

1.1.3  Colocynth (Citrullus colocynthis) extract (Picture E1.3): The colocynth (3kg) 

was purchased from shop and mixed with 8 liters of water, which was boiled for 30-

50 minutes, the solution was allowed to cool for about 2 hours then filtered. 
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Figure E1.3 Colocynth (Citrullus colocynthis)   

1.1.4 Tobacco (Nicotina tobacum) extract (Picture E1.4): Tobacco extract was 

prepared with the same procedure as for colocynth extract. 

               

Figure E1.4 Tobacco (Nicotina tobacum) 

 

Figure E1.5 Karate 2.5 as reference chemical control 

All these plant extracts were sprayed on rice crop at vegetative growth stage 

(30 days after transplanting) at the rate of 40 ml / liters of water. Karate 2.5 EC 

(chemical control) was used at a rate of 700 ml / ha.  

The collection and identification of predators of yellow rice stem borer was 

started after 25 days of transplanting, at 7 days interval, which was continued up to 
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100 days after transplanting to record the availability of predators. The predators 

were collected by sweep method (Dhuyo, 1986}.  

The diameter of the net was 33.5 cm with 1.0 meter long handle. The 

collection was made in each treatment and replication for 25-30 minutes. The 

collected predators were kept separately, and identified in the laboratory. 

  The pretreatment dead hearts (D.H.) were counted 25 days after transplanting. 

After 15 days of the spray, post-treatment dead hearts were counted. White heads 

(W. H.) were noted at 70 days after transplanting. The dead hearts and white heads 

percentages were calculated on Abbott’s formula (Abbott, 1925). Tiller count was 

determined from randomly selected 10 hills in each treatment and replication. Filled 

grain and unfilled grains were counted in laboratory on 10 selected panicles from 

each treatment and replication, the sterility percent was counted by Total grains 

minus (-) filled grains divided (/) total grains multiply (x) 100. The area of 5 x 5 m 

from each treatment and replication was harvested to obtain paddy yield, which was 

calculated as kg/ha. The data were averaged, tabulated and statistically analyzed 

using statistical program MSTAT. 
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1.2 RESULTS  
 

 Pre-treatment dead hearts were recorded before the application of 

plant extracts / chemical pesticides (30 days after transplanting). Pre-treatment 

dead heart count aimed to determine the availability of yellow rice stem borer, 

extent of damage caused by them and effectiveness of treatments to control targeted 

insect. Pre-treatment dead heart count for the year 2006 and 2007 showed that 6.12 

to 8.44 and 6.50 to 9.10 % respectively tillers were damaged by yellow rice stem 

borer (Table E1.2 and E1.3) which witnessed the availability of yellow rice stem 

borer larvae in the experiment.  

 
Table E1.2  Pre- and post-treatment dead hearts (%) and white heads (%) in rice  
  variety DR- 58 in different treatments for the year, 2006  
 
Treatment  Pre- treatment 

D.H% 
Post-treatment 

D.H% 
W.H% 

Neem  Derivatives 6.72 2.00B 3.20B 

Clap-trips  Derivatives  7.66 2.50B 3.10B 

Colocynth Derivatives  6.46 3.00B 3.90B 

Tobacco Derivatives 6.12 2.83B 4.50B 

Karate 2.5 EC 8.44 3.00B 3.10B 

Control  (Without insecticide) 7.17 9.10A 10.12A 
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Table E1.3 Pre- and post-treatment dead hearts (%) and white heads (%) in rice   

variety DR- 58 in different treatments for the year, 2007  
 
Treatment  Pre- treatment 

D.H% 
Post-treatment 

D.H% 
W.H% 

Neem  Derivatives 8.72 3.00B 3.75B 

Claptrips  Derivatives  7.96 3.30B 4.00B 

Colocynth Derivatives  6.86 3.50B 3.90B 

Tobacco Derivatives 6.50 3.83B 3.95B 

Karate 2.5 EC 9.10 3.30B 3.72B 

Control  (Without insecticide) 7.17 10.66A 12.12A 

 

After 15 days of the application of treatments dead hearts recorded ranged 

from 2.00-3.00 % and 3.00-3.83 % for the year 2006 and 2007 respectively. 

Although, statistical analyses showed non-significant effect among treatments but 

control had significantly high dead hearts percentage 9.10 and 10.66 was recorded 

in non treated plots during 2006 and 2007, respectively (Table E1.4 and E1.5).  

Table E1.4  Analysis of variance post-treatment dead hearts in different 
treatments for the year, 2006.  

Source DF SS MS F-value P-value 

Replication 2 1.75 0.874 0.34 0.7202ns 

Treatment 5 105.64 21.127 8.20 0.0026** 

Error 10 25.76  

Total 17 133.14 

ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability  
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Table E1.5  Analysis of variance post-treatment dead hearts in different 
treatments for the year, 2007.  

Source DF SS MS F-value P-value 

Replication 2 1.75 0.864 0.32 0.7200ns 
Treatment 5 105.64 21.17 8.00 0.0006** 
Error 10 25.76  
Total 17 133.14 
ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability  
 

The average decline in two years in the dead heart percentage over the 

control was 26.80 to 37.79 in the respective treatments (Fig. E1.1)  
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Fig. E1.1  Average decline in dead heart percentage over the control  

 

Present results clearly indicate that plant extracts and chemical pesticide 

reduced infestation percentage attack by yellow rice stem borer. Likewise, 

comparable white head 3.10 – 4.50 and 3.72 – 4.00 percentages were noted in the 

year 2006 and 2007, respectively, among the treatments i.e. plant extracts and 

chemical pesticide, which were significantly lower (Table E1.6 and E1.7) than the 

white dead percent recorded in non treated (10.12 for 2006 and 12.12 for 2007).  
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Table E1.6 Analysis of variance post-treatment white heads in different treatments 
for the year, 2006.  

 
Source DF SS MS F-value P-value 

Replication 2 002.62 01.312 00.72 0.5103ns 
Treatment 5 112.24 22.44 12.32 0.0005** 
Error 10 018.22  
Total 17 133.08 
ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability  
 
 
 
Table E1.7 Analysis of variance post-treatment white heads in different treatments 

for the year, 2007.  
Source DF SS MS F-value P-value 

Replication 2 002.62 01.312 00.62 0.5203ns 
Treatment 5 112.24 22.44 13.32 0.0005** 
Error 10 018.22  
Total 17 133.08 
ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 

 

The average white heads were declined from 28.14 to 35.93 and from 30.69 to 

33.00 % in 2006 and 2007, respectively, in the treated plots over the non treated 

(Table E1.3 and E1.4, Fig. E1.2). 
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Fig.  E1.2  Average decline in white heads percentage over the control  
  
 
 
Table E1.8  Paddy yield and yield attributing characters of rice variety DR-58 in  
  different treatments for the year, 2006. 
 
Treatment Productive 

tillers 
Filled 
Grain 

Sterility % Yield 
(kg/ha.) 

Neem  Derivatives 32A 167 4.57 6200A* 

Clap-trips  Derivatives  31A 165 4.62 6000A 

Colocynth Derivatives  30A 155 5.49 5600A 

Tobacco Derivatives 31A 162 5.81 5200AB 

Karate 2.5 EC 32A 160 5.33 5280AB 

Control  (Without 

insecticide) 

27B 140 12.50 3960B 

*The same letters are not significant different 
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Table E1.9  Paddy yield and yield attributing characters of rice variety DR-58 in  
different treatments for the year, 2007. 

 
Treatment Productive 

tillers 
Filled 
Grain 

Sterility % Yield 
(kg/ha.) 

Neem  Derivatives 35A 167 4.57 6260A* 

Clap-trips  Derivatives  33A 165 4.62 6030A 

Colocynth Derivatives  31A 150 5.90 5620A 

Tobacco Derivatives 31A 160 6.81 5230AB 

Karate 2.5 EC 32A 160 5.33 5290AB 

Control  (Without 

insecticide) 

26B 135 14.50 3970B 

*The same letters are not significant different 

Table E1.10  Analysis of variance productive tillers in different treatments for the  
  Year, 2006.  

Source DF SS MS F-value P-value 

Replication 2 116.33 058.167 15.44 0.0009 

Treatment 5 512.50 102.500 27.21 0.0000** 

Error 10 037.67  

Total 17 666.50 

ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 

 
Table E1.11  Analysis of variance productive tillers in different treatments for the 

 Year, 2007.  
Source DF SS MS F-value P-value 

Replication 2 116.33 08.167 00.44 0.2369ns 

Treatment 5 512.50 109.500 28.21 0.0000** 

Error 10 037.67  

Total 17 676.50 

ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 
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Comparable but significantly higher number of productive tillers produced 

in treated than non-treated plots revealed that plant extracts have controlled yellow 

rice stem borer as efficiently as chemical pesticides. The result also showed that 

more number of filled gains / panicle was obtained from treated plots than non-

treated (Table E1.8 and E1.9). Statistical analysis is shown in table E1.10 and E1.11. 

The results of paddy yield depicted in table E1.8 and E1.9 showed that the plots 

treated with Neem, Clap-trips and colocynth extracts produced significantly higher 

yield than untreated plot (Table E1.12 and E1.13). 

Table E1.12 Analysis of variance yield in different treatments for the year, 2006.  

Source DF SS MS F-value P-value 

Replication 2 1615033.33 807516.667 2.76 0.1112ns 

Treatment 5 9491200.00 1898240.000 6.4 0.0062** 

Error 10 2927566.67  

Total 17 1403300.00 

ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability y 
 
 

Table E1.13 Analysis of variance yield in different treatments for the year, 2007 

Source DF SS MS F-value P-value 

Replication 2 1615563.33 8072356.667 2.02 0.1112ns 

Treatment 5 94923560.00 1892360.000 6.9 0.0062** 

Error 10 292367.67  

Total 17 140456.00 

ns = non significant, **= highly significant 
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 
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In terms of yield, higher yield was obtained in case of neem extracts (6230 

kg/ha.)  Clap-trips extracts (6015 kg/ha.), Colocynth extracts (5610 kg/ha.), Karate 

(5215 kg/ha.) and Tobacco extracts (5285 kg/ha.). The average increase in paddy 

yield over the control, ranged between 30.67 to 38.04% in the respective treatments 

(Fig. E1.3).  
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Fig.  E1.3  The average increase paddy yield over the control  

  
 

The results on the availability of predators in different treatment are shown 

in table E1.14 and E1.15. The predators found in the experiments were almost same 

in number in the years 2006 and 2007 in the both treated with neem extract and 

non-treated plots, which were more than the number of predators available in other 

treatments. The least number of the predators were recorded in plots treated with 

Karate 2.5 EC. Dragon flies and Damsel flies were abundant in the experimental 

area. The results indicated that the plant extracts had no adverse effect on predators 

than Karate. 
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Table E1.14  Population of different predators in rice variety DR-58 in different 
treatments for the year, 2006 

 
 
Treatment 

Predators 
Carabid
Beetle 

Cocccinelid
Beetle 

Damsel 
Flies 

Dragon 
Flies 

Meadow 
Grass 

Hopper 
Neem  Derivatives 3 5 12 25 2 

Clap-trips  Derivatives  2 5 10 19 - 

Colocynth Derivatives  - 3 5 8 - 

Tobacco Derivatives - 3 4 7 1 

Karate 2.5 EC - 1 2 4 - 

Control  (Without insecticide) 4 5 12 27 1 

 

Table E1.15  Population of different predators in rice variety DR-58 in different  
  treatments for the year, 2007 
 
Treatment Predators 

Carabid
Beetle 

Cocccinelid
Beetle 

Damsel 
Flies 

Dragon 
Flies 

Meadow 
Grass 

Hopper 
Neem  Derivatives 3 7 14 26 2 

Clap-trips  Derivatives  2 5 11 17 1 

Colocynth Derivatives  1 4 5 8 1 

Tobacco Derivatives 1 3 5 7 1 

Karate 2.5 EC - 1 2 4 - 

Control  (Without insecticide) 4 6 13 25 2 
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Predators of the Yellow Rice Stem Borer found in the experiment   
          
 
 

     
Figure E1.6 Dragonfly Sympetrum flaveolum 

 

                                
Figure E1.7 Damselfly Austrolestes annulosus  

                           

                                        
 
  Figure E1.8 Coccinelid Beetle Synharmovia octomaculata  
 

                                  
Figure E1.9 Carabid Beetle Ophionea nigrofascata  

  

                                                                    
 

Figure E1.10 Meadow grass hopper Conocephalus longipennis 
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The results of this study indicate that the lowest dead hearts, white heads % 

and maximum paddy yield were recorded in the neem extract treatment than other 

treatments. More number of predators was also found in the neem extract treated 

plotsthan the other plant extracts. These results are in line with the findings of 

Dodan and Roshanlal (1999), Kaul and Sharma (1999), Rath (1999 & 2001), Bora et 

al. (2004) and Prasad et. al (2004) who found Neem products to control yellow rice 

stem borer. Therefore, it is concluded that neem extract is the most suitable 

alternate of chemical pesticide to be sprayed on rice crop for controlling yellow rice 

stem borer without disrupting agro-eco-system. 

1.3 REMARKS  

The effect of these spraying was also recorded on predators and yield 

attributes. All the treatments including Karate treated plots had the comparable 

lowest number of dead hearts, white heads, and more number of productive tillers 

and field gains than un-treated plot. Neem, Clap-trips and Colocynth extracts 

sprayed crop produced comparable higher yield of 6230 kg/ha., 6015 kg/ha. and 

5610 kg/ha. respectively, than tobacco extract and Karate 2.5 EC, which produced 

5215 kg/ha. and 5285 kg/ha. respectively. Maximum number of different predators 

was found in neem extract treated plot. On the basis of infestation of borer, high 

yield and conservation of predators, neem extract can be regarded as alternative of 

the insecticide in rice pest management system.   
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EXPERIMENT NUMBER 2 

THE REACTION OF YELLOW RICE STEM BORER, 
SCIRPOPHAGA INCERTULAS (WALKER) TO DIFFERENT 
RICE VARIETIES UNDER FIELD AND GREEN HOUSE 
CONDITIONS 

 
2.1 MATERIALS AND METHODS 

 The experiments were conducted in the experimental area and  green 

house of Rice Research Institute, Dokri, during the year 2006 to determine the 

level of resistance of eleven scented rice, twelve medium maturing coarse rice and 

eight early maturing coarse rice entries against yellow rice stem borer. Details of 

the entries are mentioned in tables E2.1, E2.2 and E2.3. 

Table E2.1 Details of rice entries tested against rice stem borer 

# Medium Maturing 

Coarse Rice Entries 

Scented Rice Entries Early Maturing Coarse Rice 

Entries 

1 Tox 3241-21-3 Lateefy DR-83XDR-92 

2 LTPR-4-32-1-1-1 DR-65 DR-83XDR-46 

3 ITR-344 Basmati 385 DR-82X S. Kangani 

4 LT9852-5-2-1-1 Basmati 370 ZHONG-XIANGI 

5 CT22048-3 Shaheen Basmati IR72885-1-4-1-4-3-6 

6 KAJAT-2 DR-66 JIANG-ZHOU-XIANGNUD 

7 IR86949-1 DR-61 DR-64 

8 TCX3162-11-1-2-1 DR-67 DR-83 

9 IR65077-33-1-3-3 IR67017-13-3-3  

10 IR68068-99-1-33 PARC-228 

11 DR-58 Ambreen 

12 IR-6  
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Scented rice variety, Basmati-370 was used as a check for scented rice 

entries and rice variety IR-6 (Mehran) and DR-83 (Dokri Rice-83) was used as 

check for medium maturing and early maturing coarse rice entries, respectively 

in the experiments. 

 The seed of rice entries was obtained from Rice Botanist, Rice Research 

Institute, Dokri.  Design of experiment was non replicated. Nursery of the rice 

entries (scented , medium maturing and early maturing) was sown on 10th July 

2006 and line transplanting was done on 8th August 2006 at 20 x 20 cm row to 

row and plant to plant spacing. There were four rows and 125 plants per row 

were maintained for the each rice entry. The experiment was conducted in the 

experimental area for natural infestation and in the green house for artificial 

infestation by yellow rice stem borer. Egg masses of yellow rice stem borer were 

collected from the experimental area and the grower’s field at Rice Research 

Institute, Dokri. One egg mass was introduced after 15-20 days transplanting to 

the each rice entry in green house for infestation of yellow rice stem borer. Dead 

hearts and white heads were counted 35 and 75 days after transplanting, 

respectively. Dead hearts and white heads percentage were calculated on Abbott 

formula (Abbott, 1925). The infestation percentage was calculated and scored 

using the 1996 Standard Evaluation System (SES) for rice (IRSBN, 2007). 
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Table E2.2  Damage rating for stem borer infestation under field condition 

Scale Dead hearts White heads. 

0 No damage No damage 

1        1-10% 1-5% 

3 11-20%             6-10% 

5 21-30% 11-15% 

7 31-6-% 16-25% 

9 61% and above 25% and above 

 

               In field experiment, area of one square meter from each rice entry in 

condition was harvested to estimate the paddy yield of each entry. In green house 

one plant of each rice entry was harvested to record paddy yield. Paddy yield was 

calculated as kg/ha. Yield data was statistically analyzed using statistical 

program MSTAT. 
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2.2 RESULTS  

 Dead hearts were scored 30 and 35 days after transplanting in field and in 

green house respectively. Dead hearts were counted 15-20 days after introduction 

of egg masses of yellow rice stem borer in green house. White heads were 

recorded 75 days after transplanting of each entry in both field and green house 

conditions. 

2.2.1  Scented Rice Entries  

 The dead heart percentage of six scented rice entries i.e, Lateefy, DR-65, 

Basmati-385, Shaheen Basmati, IR-67017-13-3-3 and Ambreen were noted as 

4.32, 5.36, 7.72, 8.36, 10.00 and 6.00 respectively and these entries fall under scale 

1. Five scented entries (Basmati 370, DR-66, DR-61 , DR-67,  and PARC-228) fall 

under scale 3 and D.H. percentage was 11.83, 10.90, 12.26, 11.16 and 13.98, 

respectively in field. Ambreen, Lateefy and DR-65 scored in scale 3 and white 

heads were 17.13, 8.36, and 9.39 % respectively, were noted. Remaining eight 

scented rice entries were noted in scale 5 and white heads percentage was 

recorded from 10.87 to 13.98 in field. In term of yield no significant difference 

was observed among the scented rice entries (Table-E2.3).  
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Table E2.3    Reaction of scented rice entries against yellow rice stem borer  
                       under field condition. 
 

# 

 

Name of Entries 

Observations  

Yield kg/ha. D.H. % Scale W.H. % Scale 

1 Lateefy 04.32 1 08.36 3 4454 

2 DR-65 05.36 1 09.39 3 4489 

3 Basmati 385 07.72 1 10.87 5 3970 

4 Basmati 370 11.83 3 12.12 5 4116 

5 Shaheen Basmati 08.36 1 13.11 5 4171 

6 DR-66 10.90 3 11.56 5 4110 

7 DR-61 12.26 3 12.00 5 3684 

8 DR-67 11.16 3 13.03 5 4030 

9 IR67017-13-3-3 10.00 1 11.56 5 4054 

10 PARC-228 13.60 3 13.98 5 4130 

11 Ambreen  06.00 1 07.13 3 4405 

 

  According to green house results, four scented rice entries i.e Lateefy 

(7.02%), DR-65 (8.36%), Shaheen Basmati (9.36%) and Ambreen (8.00%) were 

placed in scale 1 and seven rice entries Basmati 385 (10.72%), Basmati 370 

(11.83%), DR-66 (11.90%), DR-61 (12.90%), DR-67 (12.11%) IR-67017-13-3-3-3 

(13.00%) and PARC-228 (15.60%) scored in scale 3. In term of white, heads four 

scented rice entries i.e Lateefy (12.36%), DR-65 (13.39%), Basmati-385 (14.87%) 

and Ambreen (11.01%) were p;aced in scale 5 and seven rice entries were scored  

scale 7 (16-25%). The results of paddy yield (green house) given in table E2.4 
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showed that the scented rice entries Lateefy, DR-65, Basmati-385 and Ambreen 

produced significantly (P<0.0001) higher yield (4104 to 4308 Kg/ha.) than check 

Basmati 370 (3198 Kg/ha.).  Seven rice entries i.e Basmati-370, Shaheen Basmati, 

DR-66, DR-61, DR-67, R-67017-13-3-3 and PARC-228 were noted in same scale 

and yield was 3198, 3131, 3165, 3199, 3534, 3131 and 3293 kg/ha., respectively 

(Table-E2.4).  

Table E2.4   Reaction of scented rice entries against Yellow Rice Stem Borer                                       
                     in Green House.  
 

# 

 

Name of Entries 

Observations  

Yield kg/ha. D.H. % Scale W.H. % Scale 

1 Lateefy 07.02 1 12.36 5 4180A 

2 DR-65 08.36 1 13.39 5 4104A 

3 Basmati 385 10.72 3 14.87 5 4199A 

4 Basmati 370 11.83 3 16.12 7 3198C 

5 Shaheen Basmati 09.36 1 18.11 7 3131C 

6 DR-66 11.90 3 15.56 7 3165C 

7 DR-61 12.90 3 16.90 7 3199C 

8 DR-67 12.16 3 17.03 7 3534B 

9 IR67017-13-3-3 13.00 3 16.56 7 3131C 

10 PARC-228 15.60 3 17.98 7 3293BC 

11 Ambreen  08.00 1 11.013 5 4308A 

 

Maximum dead hearts, white heads and minimum yield kg/ha were 

recorded under green house condition than the field condition. Statistical analysis 

of fine rice entries is shown in table E2.7 and E2.8. 
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Table E2.5 Analysis of variance of yield for fine rice entries under field condition 
 

Source DF SS MS F-value P-value 

Entries 10 1534664.73 153466.473 1.74 0.1402ns 

Error 20 1764900.73  

Total 32 3318888.06 

ns=non significant,  
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 

 
Table E2.6 Analysis of variance of yield for fine rice entries under Green house 
             condition. 

Source DF SS MS F-value P-value 

Entries 10 7494030.67 749403067 63.55 0.0000** 

Error 20 23552.61  

Total 32 75143.00 

**=highly significant   
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher, P = Probability 
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2.2.2 Medium maturing rice entries. 

  Reaction of twelve medium maturing coarse rice entries were screened 

under field and green house conditions against yellow rice stem borer. Rice 

variety IR-6 was included as a check. Dead hearts counted from rice entries i.e 

TOX-3241-21-3 (2.81%) LTPR-4-32-1-1-1 (2.83%), ITR-344 (6.93%), LT-9852-3-

2-1-1 (2.30%), CT22048-3 (4.42%), KAJAT-2 (8.65%), IR-86949-2 (4.71%), 

IR65077-33-1-3-3 (3.64%), IR68068-99-1-3-3 (8.33%), DR-58 (5.83%) and IR-6 

(6.67%) scored scale 1. The entry TCX3162-11-1-2-1 (10.42%) scored scale 3. In 

term of white heads 4, 2 and 6 rice entries were scored in scale 1 (1-5%), 3 (6-

10%) and 5 (11-15%), respectively under field condition. In terms of paddy yield, 

in four entries i.e TOX3241-21-3 (6200 kg/ha.), LTR-4-32-1-1 (6199 Kg/ha), 

IR86949-2 (6300 kg/ha) and IR65077-33-1-3-3 (6099 kg/ha), no significant 

difference was observed between them. Rice entries DR-58 (Dokri Rice 58), IR-6 

and LTR-344 produced almost equal yield 5713, 5696 and 5530 kg/ha., 

respectively, and in remaining five rice entries no significant different was found 

(Table-E2.7)  
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Table E2.7    Reaction of Medium Maturing Rice entries against Yellow Rice 
                        Stem Borer under field condition.  
 
 
# 

 
Name of Entries 

Observations  
Yield kg/ha. D.H. % Scale W.H. % Scale 

1 TOX 3241-21-3 02.81. 1 02.86 1 6200A 

2 LTPR-4-32-1-1-1 02.83 1 02.93 1 6199a 

3 ITR-344 06.93 1 13.86 5 5530B 

4 LT9852-3-2-1-1 02.30 1 14.21 5 5140C 

5 CT22048-3 04.42 1 12.25 5 5050C 

6 KAJAT-2 08.65 1 10.80 5 5130C 

7 IR-86949-2 04.71 1 03.01 1 5232A 

8 TCX3162-11-1-2-1 10.42 3 12.94 5 6099C 

9 IR65077-33-1-3-3 03.64 1 03.68 1 5204A 

10 IR 68068-99-1-3-3 08.33 1 12.93 5 5696C 

11 IR-6 06.67 1 09.44 3 5696B 

12 DR-58 05.83 1 07.88 3 5713B 

  

     In green house, dead hearts, white heads and yield kg/ha of medium maturing 

coarse rice entries were also recorded and shown in table-E2.8. The results of 

D.H. % revealed that nine rice entries (dead hearts) were found in sale 1 and 

three entries were scored in scale 3 under artificial infestation of yellow rice stem 

borer under green house condition. White heads were counted after 75 days of 

transplanting. Rice entries i.e TOX 3241-21-3 (5.12%) LTPR-4-32-1-1-1 (6.93%) 

IR-86949-2 (6.01%) and IR65077-33-1-3-3 (8.68%) were scored in scale 3. In 

scale 5 six rice entries were recorded and white heads percent was observed from 

10.20 to 14.31. Rice entries TCX-3162-11-1-2-1 and IR68068-99-1-3-3 were scored 

in scale 7 and white heads were noted 16.94 and 15.93, respectively. Statistical 
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analysis of paddy yield showed highly significant (P<0.0001) difference among 

the rice entries (Table-E2.8). 

 
Table E2.8   Reaction of medium maturing coarse rice entries against yellow 
                      rice stem borer in green house.  
                
   #  

Name of Entries 

Observations  

Yield Kg/ha. D.H. % Scale W.H. % Scale 

1 TOX 3241-21-3 04.81 1 05.12 3 5511AB 

2 LTPR-4-32-1-1-1 04.83 1 06.93 3 5879A 

3 ITR-344 06.93 1 14.31 5 5075C 

4 LT9852-3-2-1-1 04.30 1 10.20 5 5123BC 

5 CT22048-3 05.40 1 13.05 5 5208BC 

6 KAJAT-2 10.65 3 11.80 5 5312BC 

7 IR-86949-2 05.71 1 06.01 3 5230BC 

8 TCX3162-11-1-2-1 12.42 3 16.94 7 4230D 

9 IR65077-33-1-3-3 06.64 1 8.68 3 5453BC 

10 IR 68068-99-1-3-3 11.33 3 15.93 7 4054B 

11 IR-6 08.67 1 11.44 5 5230BC 

12 DR-58 09.83 1 10.88 5 5052C 

 

Statistical analysis of medium maturing rice entries is shown in table E2.9 and 

E2.10. 

Table E2.9 Analysis of variance of yield for medium maturing rice entries under  
                     field condition. 
 

Source DF SS MS F-value P-value 

Entries 11 7517888.22 683444.384 64.06 0.0000** 
Error 22 234701.61  
Total 35 799616.89 

**= highly significant,  
DF = Degree of Freedom, SS= Sum Square, MS = Mean Square, F = Fisher,  P = Probability 
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Table E2.10 Analysis of variance of yield for medium maturing rice entries under  
               Green house condition. 

Source DF SS MS F-value P-value 

Entries 11 8529282.31 775389.301 28.96 0.0000** 
Error 22 589088.61  
Total 35 9230846.31 

**= highly significant,  
DF = Degree of Freedom,  SS= Sum Square, MS = Mean Square, F = Fisher,  P = Probability 

2.2.3        Early maturing coarse rice entries 

 According to dead heart counts the early maturing rice entries were 

scored scale 1 in both field and green house and the percentage was recorded 3.17 

to 8.52 and 5.03 to 10.12 respectively.  In term of white heads, three rice entries 

DR-83XDR-46 (6.73%), ZHONGXIANGI (7.82%) and  DR-83 (10.00%) were 

scored scale 3, four entries  DR-83XDR-92  (11.67%) , IR-72885-1`-4-1-3-6 

(11.96%)  JIANG-ZHOU-IANGNUD (10.83%) and DR-64 (10.65%) were found 

in Scale 5. The entry DR-82XS.Kangni was found in scale 7 with 15.06 white head 

percentage. The yield data was recorded and calculated as kg/ha under field 

condition (Table-E2.11) 

Table E2.11    Reaction of early maturing rice entries against yellow rice 
                        stem borer under field condition. 
 
# 

 
Name of Entries 

Observations  
Yield Kg/ha D.H. % Scale W.H. % Scale 

1 DR-83XDR-92 04.74 1 11.67 5 4536AB 
2 DR-83XDR-46 03.17 1 06.73 3 5322A 
3 DR-82XS.Kangni 06.61 1 15.06 7 3502B 
4 ZHONG-XIANGI 04.75 1 07.82 3 5386A 
5 IR 72885-1-4-1-4-3-6 08.52 1 11.96 5 4501AB 
6 JIANG-ZHOU-IANGNUD 07.45 1 10.83 5 5702A 
7 DR-83 03.66 1 10.00 3 5687A 
8 DR-64 04.90 1 10.65 5 4638AB 
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 In green house studies, the rice line DR-83XDR-46 ( 9.63%)  and ZHONG 

XIANGI (8.99%) were  recorded in scale 3, five entries  DR-83XDR-46 

(13.60%),IR-72885-1-4-1-4-3 -6  (13.81%),  JIANG-ZHOU-IANGNUD (14. 10%) 

DR-83 (11.56%) and DR-64 (12.18%) were scored scale 5 and entry DR-

82XS.Kangni (16.83%) scored scale 7. The entry DR-82XS.Kangni was observed 

susceptible to yellow rice stem borer in field and green house conditions. Paddy 

yield is shown in table E2.12.   

Table E2.12    Reaction of early maturing coarse rice entries against Yellow Rice 
                         Stem Borer in Green House.    
               
 
# 

 
Name of Entries 

Observations  
Yield Kg/ha.D.H. % Scale W.H. % Scale 

1 DR-83XDR-92 06.77 1 13.60 5 4702B 
2 DR-83XDR-46 05.92 1 09.63 3 5632A 
3 DR-82XS.kangni 06.82 1 16.83 7 3499F 
4 ZHONG-XIANGI 05.83 1 08.99 3 5513A 
5 IR 72885-1-4-1-4-3-6 09.80 1 13.81 5 5304E 
6 JIANG-ZHOU-IANGNUD 10.12 1 14.10 5 4518D 
7 DR-83 05.03 1 11.56 5 4679BC 
8 DR-64 06.95 1 12.18 5 4538CD 
 

Statistical analysis of early maturing rice entries is given in table E2.13 and 

E2.14. 

Table E2.13  Analysis of variance of yield for early maturing rice entries under  
            field condition. 

Source DF SS MS F-value P-value 

Entries 7 11972740.50 1710391.500 4.63 0.0072** 
Error 14 5168347.25  
Total 23 17313964.50

**= highly significant,  
DF = Degree Freedom, SS= Sum Square, MS= Mean Square, F= Fisher, P= 
Probability 
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Table E2.14 Analysis of variance of yield for early maturing rice entries under  
               Green house condition. 

Source DF SS MS F-value P-value 

Entries 7 9548534.63 1364076.375 35.3 0.0000** 
Error 14 49495.75  
Total 23 9814720.63 

**= highly significant,  
DF = Degree Freedom, SS= Sum Square, MS= Mean Square, F= Fisher, P= 
Probability 
 
2.3 REMARKS 

Thirty one rice entries of fine rice, medium maturing coarse rice and early 

maturing coarse rice entries were screened against yellow rice stem borer, S. 

incertulas under field and green house conditions.  Varieties Basmati 370, IR-6 

and DR-83 were used as a check for fine, medium maturing and early maturing 

rice, respectively. Dead hearts and white heads were recorded at vegetative and 

reproductive stages of crop, respectively. Aromatic rice entries were more 

susceptible to yellow rice stem borer than the coarse rice entries. Medium 

maturing coarse rice entries were more susceptible than the early maturing rice 

entries to S. incertulas. The aromatic rice entry Lateefy was recorded moderately 

resistant to the yellow rice stem borer under the field and green house conditions. 

Two medium maturing rice entries (TCX 3162-11-1-2-1 and IR-68068-99-1-33) 

and one early maturing rice entry (DR-82XS.Kangani) were foud susceptible to 

yellow rice stem borer which were scored in scale 7 under natural and artificial 

infestations, respectively. 
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EXPERIMENT NUMBER 3 

 EFFECT OF DATE OF TRANSPLANTING OF RICE VARIETY IR-6 ON 
YELLOW RICE STEM BORER SCIRPOPHAGA INCERTULAS 
(WALKER) INFESTATION  

 

3.1 MATERIALS AND METHODS 

 The experiment was conducted at experimental area, Rice Research Institute, 

Dokri, Sindh, during the year 2006 and 2007. Seven dates of transplanting were studies to 

find the effect on infestations and population of yellow rice stem borer, S. incertulas.  The 

time of nursery raising and transplanting of IR-6 are given in table E3.1.  

Table E3.1 Time of nursery sowing and transplanting during 2006 and 2007 

# Year 2006  Year 2007  
 Nursery sowing Transplanting Nursery sowing Transplanting 
1 20th May 20th  June 21th May 20th  June 
2 5th  June 30th  June 6th  June 30th  June 
3 15th June 10th July 15th June 10th July 
4 25th June 20th July 24th June 20th July 
5 5th  July 30th  July 5th  July 30th  July 
6 10th July 9th August 9th July 9th August 
7 25th July 20th August 26th July 20th August 

 

Almost one month old nursery was transplanted in the field. Distance between row 

to row and plant to plant was maintained 20 cm. Interval between each transplanting date 

was 10 days. The experiment was non replicated and plot size was 7 X 10 m2 Dead hearts 

(D.H.) and white heads (W.H.) were counted 35 and 80 days after transplanting, 

respectively, from each transplanting date. Tillers were counted from randomly selected 25 

hills in each transplanting date. Filled and unfilled grains were counted in laboratory on 10 

selected panicles from each transplanting date.  
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The sterility percentage was calculated. The area of 5 x 5 m2 from each 

transplanting date was harvested to obtain the paddy yield, which was calculated Kg/ha. 

Number of larvae and pupae were recorded from randomly selected 25 stubbles from the 

each transplanting dates. The selected stubbles were dissected in laboratory. The data were 

averaged, tabulated and analyzed using statistical program to one and two-way analysis of 

variance (SAS Institute, 1999) and factorial ANOVA (Minitab, 1993).  The dead hearts and 

white heads percentage were calculated using Abbott’s formula (Abbott, 1925). Effect of 

date of transplanting were tested by the Fisher protected least Significant Difference (LSD) 

test (Sokal and Rohlf, 1995). 
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3.2 RESULTS  

The dead hearts (D.H.%) and white hearts (W.H.%) attacked by yellow rice stem 

borer S. incertulas were recorded 35 and 80 days after transplanting during the year 2006 

and 2007 and are given in Fig. E3.1 and Fig. E3.2. The results revealed that lowest dead 

hearts percentage 5.36, 5.32, 2.56 and 10.31, and 5.30, 4.90, 2.10 and 11.30 were recorded 

on 20th June ,30th June ,10th July and 20th July during 2007 and 2007, respectively. During 

2007 and 2008 the highest dead hearts percentage 22.60, 32.40, 35.62 and 21.35, 33.32, and 

34.60 were noted on 30th July 9th August and 10th August, respectively. The crop 

transplanted on 20th June, 30th June and 10th July have no significant difference on insect 

infestation in the both years. 
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Fig. E3.1  Dead hearts (D.H.) percentage due to different time of  
  transplanting 
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 Highly significant differences (P<0.0001) were observed among the transplanting 

dates. The minimum dead hearts percentage 2.56 and 2.10 were noted on 10th July, 2006 

and 2007 respectively. Not only the maximum white heads percentage 15.36, 29.62, 35.30 

and 36.32, and 14.56, 30.35, 37.40 and 35.97 were recorded on 20th July, 30th July, 9th 

August and 10th August, during 2007 and 2008, respectively. Similar to dead hearts, no 

significant difference were observed white heads on crop transplanted on first three dates. 

The maximum white heads percentage 35.97 and 37.40 were recorded on 20th August and 

9th August 2007, respectively (Fig.E3. 2).  
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Fig. E3.2 White heads (W.H.) percentage due to the different 
time of transplanting 
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The minimum white heads percentage (3.40 and 3.50) were observed on 10th July 

during 2006 and 2007, respectively. Sontakke et al (1997) reported that the early planting 

of rice crop recorded the lowest stem borer incidence under both protected and un- 

protected condition as compared to late planted crop. Hashmi (1994) recorded 2.80 to 12.50 

infestation percentage in the early and from 60.75 to 68.40 percentages in the late sown 

paddy. Statistical analysis of dead hearts and white heads is given in table E3.2 and E3.3. 

Table E3..2 Analysis of variance dead hearts (D.H.) percentage 

SOURCE  DF SS MS F P 

Replication 2 38.64 19.322 7.30 0.0084** 
Transplanting dates 6 3411.75 568.537 214.87 0.0000** 
Error 12 31.75  
Total 20 3481.62 
**= highly significant,  
DF=Degree Freedom, SS= Sum Square, MS= Mean Square, F=Fisher value, P=Probability  
 

Table E3.3 Analysis of variance white heads (W.H.) percentage 

SOURCE  DF SS MS F P 

Replication 2 99.06 49.529 11.96 0.0014** 
Transplanting dates 6 3988.00 664.666 160.45 0.0000** 
Error 12 49071  
Total 20 4136.76 
**= highly significant,  
DF = Degree of Freedom, SS= Sum Square, MS= Mean Square, F= Fisher, P= Probability 
 

Less average infestation percentage 4.91 and 5.39 were recorded in the 

transplanting dates 20th and 30th June and the least infestation percentage 2.89 was noted 

on the 10th July where as the maximum infestation percentage was observed from 20th July 

to 20th August. The highest infestation percentage 35.63 was obtained on the 20th August 

transplanting of rice crop (Fig. E3.3).  
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Fig. E3.3 The average percent infestation by S. incertulas 
 

Comparable but significant higher numbers of productive tillers produced in 

transplanting dates from 30th June to 30th July (26-33) tillers / hill not only in the year 2006, 

but also 2007. Pathak et. al (2002) recorded higher plant density (tiller/hill) in early sowing 

(20-30 June) transplanting. The minimum productive tillers 22, 21 and 20 in the year 2006 

and 23, 22 and 20 on the year 2007 were recorded on 20th June, 9th August and 20th August 

transplanting respectively (Fig. E3.4).  
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Fig. E3.4 Yield attributing character (productive tillers) of rice 
variety IR-6 in the different date of transplanting 
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The result revealed that more number of filled grains/penicle (200-266 grains / 

penicle) were obtained on transplanting from 30th June to 30th July and less number of 

grains / penile (169-150 grains/penicle) was also noted on 9th August and 20th August in 

both years 2006 and 2007 (Fig.E3.5) 
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Fig. E3.5 Filled grain of rice variety IR-6 in the different time of transplanting         

 The least sterility percentage 9.52, 4.00 and 6.03 in the year 2006 and 3.33, 4.23 and 

5.58 in the year 2007 was found on 30th June, 10th July and 20th July transplated crop, 

respectively. The highest sterility percentage was obtained on 9th August and 20th August 

transplanting in both the years (Fig. E3. 6).  
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Fig. E3.6 Sterility percentage at different time of transplanting 

3.2.2 INSECT POPULATION 

The least number of larvae of yellow rice stem borer 5, 4, 3 and 3 in the year 2006 

and 6, 7, 4 and 5 in the year 2007 was found in stubbles on 20th June, 30th June, 10th July 

and 20th July transplanting, respectively. The maximum number of larvae and pupae of   S. 

incertulas was noted on 30th July, 10th August and 20th August transplanting in stubbles 

during both years. In terms of number of larvae and pupae of yellow rice stem borer, no 

significant difference was noted from 20th June to 20th July and from 30th July to 20th 

August transplanting in the both years (Table-E3.4). 
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Table E3.4   Number of larvae and pupae in 25 stubbles of rice variety IR-6 in the different  

         time of   transplanting. 

# Transplanting Year 2006 Year 2007 
  Larvae Pupae Larvae Pupae 
1 20th  June 5 2 6 2 

2 30th  June 4 1 7 2 

3 10th July 3 - 4 1 

4 20th July 3 1 5 2 

5 30th  July 20 4 21 6 

6 9th August 22 6 23 7 

7 20th August 25 8 26 9 

  

The result of paddy yield given in table –E3.6 revealed that the transplanting of rice 

on 30th June, 10th July and 20th July in both the years  (2006 and 2007) produced 

significantly more yield than the other transplanting dates. In terms of yield the order was 

5562, 6236, 7736, 7092, 5562, 5530, and 4532 kg/ha  during 2006 and 5592, 6428, 7900, 7128, 

5571, 5528  and 4585 kg/ha  during 2007 on the transplanting dates of 20th June, 30th June, 

10th July, 20th July, 30th July, 9th August and 20th August, respectively.  

 
Table E3.5 Paddy yield of rice variety IR-6 at different time of transplanting  
 
# Transplanting Year 2006 Year 2007 

Yield   
(Kg/Plot) 

Yield 
(Kg/ha.) 

Yield  
(Kg/Plot) 

Yield 
(Kg/ha.) 

1 20th  June 38.93 5562D 39.15 5592D 

2 30th  June 43.65 6236C 45.00 6428C 

3 10th July 54.15 7736A 55.30 7900A 

4 20th July 49.64 7092B 49.90 7128B 

5 30th  July 38.93 5562D 39.00 5571D 

6 9th August 38.71 5530D 38.70 5528D 

7 20th August 31.72 4532E 32.10 4585E 
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     Maximum yield 7736 and 7900 kg/ha was obtained in the year 2006 and 2007, 

respectively on 10th July transplanting date. Statistical analysis is given in table E3.6.  

Table E3.6 Analysis of variance for yield attributing character of rice variety IR-6 

SOURCE  DF SS MS F P 

Replication 2 493700.67 246850.333 4.91 0.0276** 

D. transplanting 6 20689439.90 3448239.984 68.64 0.0000** 

Error 12 602806.09  

Total 20 21785947.24 

**= highly significant,  
DF = Degree of Freedom, SS= Sum Square, MS= Mean Square, F= Fisher, P= Probability 
 

The results revealed that the transplanting dates (20th June to 20th July) of rice 

variety IR-6 (Mehran-69) not only reduced the D.H., W.H., sterility% and the number of 

immatures of yellow rice stem borer but also increased yield per hectare. The sowing of 

rice nursery delay to deprive the pest from the host plant while early adult emergence may 

be detrimental for the crop. Therefore, nursery of rice crop in any case is not sown before 

the mid May. 
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3.3  REMARKS 

The time of transplanting of rice crop is a major component of integrated pest 

management. Seven dates of transplanting viz: 20th June, 30th June, 10th July, 20th July. 30th 

July, 9th August and 20th August were studied against yellow rice stem borer, S. incertulas. 

Dead hearts and white heads were recorded at vegetative and reproductive stages of crop, 

respectively. The maximum dead hearts and white heads percentage were recorded on 30th 

July, 9th August and 20th August transplanting. The minimum dead hearts (2.56% and 

2.10%) and white heads (3.4% and 3.50%) were noted on 10th July transplanting during 

2006 and 2007, respectively. The least infestation percentage 2.89 and the highest yield 7818 

kg/ha were recorded on 10th July. The highest infestation 35.63% and minimum average 

yield 4558 kg/ha. were noted on 20th August transplanted crop. Not only the minimum 

average number of larvae (3.5) was also found per 25 stubbles but the least sterility 

percentage (4.12%) was also recorded on 10th July.  On the basis of infestation of yellow 

rice stem borer, S. incertulas, more number of productive tillers, more filled grains/ panicle 

and high yield kg/ha, the best transplanting period of rice variety 1R-6 was observed from 

20th June to 10th July. Late transplanting from 30th July to 20th August, increased the 

population of pest and also hence decreased paddy yield kg/ha, The August transplantation 

of rice should be discourage, as the late crop always prove to severe infestations and 

population build up of the yellow rice stem borer, S. incertulas.  
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EXPERIMENT NUMBER 4 

 EFFECT OF AGRONOMIC PRACTICES ON YELLOW RICE 
STEM BORER, SCIRPOPHAGA INCERTULAS (WALKER) 

 
4.1 MATERIALS AND METHODS 

4.1A LEVEL OF STUBBLE CUTTINGS 

 
The experiment was conducted at experimental area of Rice Research 

Institute, Dokri, Sindh, Pakistan during the year, 2006. Rice variety Basmati-370 

(aromatic) was transplanted on 3rd August, 2006. Six levels of stubble cuttings, viz; 

5, 10, 15, 20, 25 and 35 cm above soil surface were done. Randomly twenty-five 

stubbles from each cutting was taken after immediate harvesting and examined in 

laboratory. The collected stubbles were dissected with sharp knife from top to 

bottom and soil of the stubbles was also examined.   Live and dead larvae and pupae 

were counted. Mortality percentage of larvae and pupae was calculated. The 

infestation percentage caused by S. incertulas was recorded and calculated by using 

Abbott formula (Abbott, 1925). The data was analyzed using statistical program 

Minitab (Minitab, 1993; SAS, Institute, 1999).   

Abbott formula 
                                             X           X1 

------ X ------- X 100  
                                             Y           Y1 

 
X   =   Infested Plants 

            Y   =   Total Observed Plants 
X1 =   Infested Tillers 

          Y1 =   Total Tillers 
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4.1B POST HARVEST CULTURAL PRACTICES 

 
Experiment was conducted at experimental area of Rice Research Institute, 

Dokri, Sindh, during the year, 2006-2007.   

Five cultural practices: 

1. MB (Moldboard) ploughed and kept fallow,  

2.  MB ploughed and cultivated wheat (Triticum astivium),  

3    Un-ploughed fallow,  

4. Un-ploughed and cultivated pea,  

5. Un-ploughed and cultivated Mustard (Brassica cruciferus) 

Investigation were conducted to determine the effect of cultural practices on 

survival of immature stages of yellow rice stem borer, S. incertulas. Each post 

harvest practice was conducted on an area of 1000 m2. Twenty-five stubbles from 

each post harvest practice were randomly collected from the field and examined in 

laboratory. The collected stubbles were dissected with sharp knife from top to 

bottom and soil of the stubbles was also examined. Number of live and dead larvae 

and pupae were recorded. Mortality percentage of larvae and pupae was calculated.  

The infestation percentage caused by S. incertulas was recorded and calculated 

according to Abbott formula (Abbott, 1925). The data was statistically analyzed 

using statistical program Minitab (Minitab, 1993; SAS Institute, 1999).   
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4.2 RESULTS  

4.2.1 LEVELS OF STUBBLE CUTTINGS  

 Six different levels of stubbles cutting (5.00, 10.00, 15.00, 20.00, 25.00 and 

35.00 cm) from soil surface were examined in laboratory. The results revealed that 

larval population was 28, 25, 22, 22, 16 and 16; and pupal population was 9, 8, 9, 10, 

15 and 16 on the stubbles height 5.00, 10.00, 15.00, 20.00, 25.00 and 35.00 cm, 

respectively. As stubbles height increased, larval populations were decreased and it 

was (lower 16) at 25 and 35 cm (Fig. E4.1). 
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 Fig. E4.1  Larval and pupal population found in the different 
heights of stubbles. 

 

 Dead larvae and pupae of S. incertulas observed in different heights of 

stubbles is given in fig. E4.2.   
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  Fig. E4. 2 Dead (D) larval and pupal population found  
                   in the different heights of stubbles. 
 

  Practically, lower the of size stubbles cutting, less larval population was 

recorded. The harvest closer to ground level is not preferred, as the straw will be 

poor in quality for feeding domestic animals. Rehman et al (2002) reported that 

mature larvae of yellow rice stem borer pass the winter in the rice stubbles in a 

stage of diapauses and as warm weather begins in April-May the larvae pupate. No 

significant differences in larval populations were observed between 15.00 and 20.00 

cm and 25 and 35cm (Fig. E4.1). Highly significant difference (P<0.0001) was noted 

from larval and pupal population of yellow rice stem borer in the different heights 

of stubbles of paddy (Table E4.1).  
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Table E4.1 Analysis of variance of larvae at different levels of stubble cuttings 
Source  DF SS MS F P 
Stubble heights 5 196.50 45.300 201.80 0.0000** 
Error 10 1.76 0.150  
Total 17 22.50  
**= Highly significant 
DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, F=Fisher value, 
P=Probability  
 

Table E4.2 Analysis of variance of pupae at different levels of stubble cuttings 
Source  DF SS MS F P 
Stubble heights 5 176.50 35.300 211.80 0.0000** 
Error 10 1.67 0.160  
Total 17 21.50  
**= Highly significant 
DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, F=Fisher value P=Probability  
  
 The maximum number was recorded at stubble height 5.00cm above soil 

surface. Least significant difference (LSD) value 3.809 and 1.057 at alpha= 0.010 

was noted on larval and pupal population, respectively. Maximum pupal 

populations were noted on stubble height 35.00 cm (16.00) and also highest 

mortality of pupae was observed on 20.00 cm (70.00%) (Fig.E4.2). 
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Fig.E4.3  Larval and pupal mortality percentage in the different  
  heights of stubbles 
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 Infestation percentage caused by yellow rice stem borer, S. incertulas in the 

different heights of stubbles was observed by using Abbott formula (Abbott, 1925) 

and results are given in fig. E4. 4. 
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 Fig. E4.4 The infestation percentage during harvest in the 
         different heights of stubbles 
 

  No significant difference of pupal population of yellow rice stem borer was 

recorded on the cutting 5.00cm and 15.00 cm, whereas slight difference was 

observed between 15.00 and 20.00cm. The results indicated that the harvesting of 

stubbles at 15.00 to 20.00 cm above soil surface is recommended because of low  

larval and pupal population density as well provide good quality straw for feeding 

animals. Highly significant difference (P<.0001) was noted in the post harvest 

cultural practices in both larval and pupal population of yellow rice stem borer 

(Table-E4.3 and E4.4).  
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Table E4.3  Analysis of variance of larval density found from the post harvest  
  cultural practices 
 
Source  DF SS MS F P 
Replication 2 96.53 48.267 10.13 0.0064** 
Post harvest cultural 
 practices 

4 723.07 180.767 37.92 0.0000** 

Error 8 38.13 4.767  
Total 14 857.73  
**= Highly significant, DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, 
F=Fisher value, P=Probability  
 

Table E4.4  Analysis of variance of pupal density found from the post harvest  
  cultural practices 
 
Source  DF SS MS F P 
Replication 2 19.60 9.800 32.67 0.0001** 
Post harvest cultural 
 practices 

4 116.40 29.100 97.00             0.0000** 

Error 8 2.40 0.300 
Total 14 138.40  
**= Highly significant, DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, 
F=Fisher value, P=Probability  
 

4.2.2 POST-HARVEST CULTURAL PRACTICES 

The results revealed that larval population in cultural practices, MB 

ploughed and kept fallow and MB ploughed and cultivated wheat was similar. No 

significant different was noted between cultural practices un-ploughed fallow, un-

ploughed and cultivated pea and un-ploughed and cultivated mustard (Fig. E4.5) 
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Fig. E4.5  Effect of post harvest cultural practices on larval (L) 
and pupal (P) population  

 

Number of dead larvae and pupae were recorded and no significant 

difference was observed (Fig. E4.6) 
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Fig. E4.6  Effect of post harvest cultural practices on dead 
larval and pupal population  
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 The maximum larval mortality was recorded in cultural practice of MB 

ploughed and kept fallow and MB ploughed cultivated wheat. Pupal mortality was 

also noted in the re-cultural practice. High number of larvae of S. incertulas was 

found in fallow (un-ploughed) field than ploughed field (Rehman et al., 2002). The 

least larval (12.00%) and pupal 30.00% mortality was recorded in the un-ploughed 

and cultivated mustard (Fig. E4. 7).  
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Fig. E4.7  Effect of post harvest cultural practices on larval and 
pupal mortality  

 

The results revealed that lower number of larvae and pupae and higher 

mortality was recorded in the ploughed rice field as compared with un-ploughed 

field. The result suggested that rice field should not be left un-ploughed (fallow or 

cultivated). Lower densities and higher mortalities of S. incertulas were noted in 

ploughed rice fields due to drying and tearing of stubbles. This is very effective tools 

in reducing the hibernating larvae of yellow rice stem borer. 
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4.3 REMARKS 

       Adopting the following stategies of rice crop can be saved from immature 

stages of yellow rice stem borer, S. incertulas.  To soil surface and immediate 

shifting harvested paddy will help in destruction larval population in stubbles.  The 

rice field should not be left fallow or cultivated without ploughing. MB plough 

uproots paddy stubbles which subjected to dry, resulting in severe mortality of 

hibernating larvae of yellow rice stem borer, S. incertulas.  
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EXPERIMENT NUMBER 5 

  LIFE TABLE OF YELLOW RICE STEM BORER AS RELATED 
TO RICE CROP GROWTH PERIOD  

 

5.1 MATERIALS AND METHODS 

 The experiments were conducted to study life table of S. incertulas at two 

places, Rice Research Institute (RRI), Dokri and Rice Research Sub Station (RRSS), 

Larkana, Sindh, during the year, 2006.  Rice variety Basmati 370 was used for the 

experiment. The plot size at each place was (10x20) 200 m2 and was transplanted on 

15th July, 2006. After transplanting, the observations i-e Egg masses, No. of larvae, 

No. of pupae and infestation percentage were recorded from 25 plants from each 

site. The infestation percentage was calculated by using Abbott formula (Abbott, 

1925)  

                     Abbott formula 

                                    X           X1 
------ X ------- X 100 =   Infestation percentage 

                                    Y   Y1 
 

X   =   Infested Plants 
Y   =   Total Observed Plants 
X1 =   Infested Tillers 
Y1 =   Total Tillers 

   

 The infested tillers were dissected in laboratory, number of larvae and pupae 

were taken from all the growth stages of rice crop i - e vegetative stage, reproductive 

(booting, flowering) stage and repining stage. The observations were recorded 

weekly from the first week to 18th week after transplanting.   
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5.2 RESULTS  
 
          The life table studies at two places (Rice Research Institute, Dokri and Rice 

Research Sub Station, Larkana) indicate that the damage attacked by S. incertulas 

was observed after fifth week of transplanting.  The laying of egg masses, presence 

of larvae, pupae and infested tillers were recorded during 4th week. Pupae were 

noted during 5th week of transplanting (Table-E5.1) and average of immature 

stages are given in fig. E5.1. 
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Fig. E5.1  The average number of immature stages (egg masses, 
larvae, pupae) found from the experiments at two 
sites. 
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Table E5.1 Egg masses, larvae and pupae of yellow rice stem borer, S. incertulas 

 collected from the experiments. 

Weeks after 

transplanting 

Egg masses No. of larvae No. of pupae 

RRI 
Dokri 

RRSS 
Larkana 

RRI 
Dokri 

RRSS 
Larkana 

RRI 
Dokri 

RRSS 
Larkana 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 1 1 3 4 0 0 

5 1 0 3 3 1 1 

6 2 1 10 10 2 2 

7 2 2 19 15 1 1 

8 2 2 20 20 2 2 

9 0 3 29 22 3 3 

10 4 3 36 26 3 3 

11 0 2 38 30 4 4 

12 2 1 40 31 2 2 

13 1 2 42 29 1 1 

14 1 1 42 16 3 3 

15 1 1 45 17 2 2 

16 1 0 50 19 1 1 

17 0 0 51 10 0 0 

18 0 0 52 8 0 0 
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The laying of egg masses was increased up to 10th week. Peak period of egg 

masses was observed on the 10th week (3.50). After 11th week, egg laying was 

decreased till 16th week. Larval populations   progressively   increased   up to   12th 

and 13th week (Table-1). The results indicated that maximum number of larvae was 

recorded on 12th week (35.50). The highest number of pupae (3.50) was recorded on 

11th week. Maximum infestation percentage (24.19) was noted on 10th week of 

transplanting (Fig. E5. 2). 
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Fig. E5.2  Average infestation percentage during the 
experimental period as related with crop growth 
period at the two places 

  

Infestation percentage was noted from the 4th week after tranplanting. The 

infestation was gradually increased up to 10th week after transplanting. After 11th 

week the infestation percentage decreased till 18th week (Fig. E5. 2). The comparison 

of percent infestation of two sites are presented in Fig. E5. 3. The data revealed date 

significant difference in percent infestation was observed between two places.  

Vegetative stage Reproductive stage Ripening stage
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Fig.  E5.3  Infestation percentage during the experimental period 
as related with crop growth period at two sites. 

 
 

5.3 REMARKS 

The normal rice crop, irrespective of its transplanting period, develops borer 

infestations after five weeks. Thus earlier coverage of insecticides is not beneficial.  

Vegetative stage Reproductive stage Ripening stage 
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EXPERIMENT NUMBER 6  

 
 PATHOGENICITY OF BEAUVERIA BASSIANA (BAL.) 

(DEUTEROMYCOTA: HYPHOMYCETES) AGAINST THE 
YELLOW RICE STEM BORER, SCIRPOPHAGA INCERTULES 
(LEPIDOPTERA: PYRALIDAE) UNDER LABORATORY 
CONDITIONS 

 
6.1 MATERIALS AND METHODS 

6.1.1 CULTURE  

 Eggs, larvae and pupae of the yellow rice stem borer, Scirpophaga inertulas 

(Walker) were used for the present experiment. The immature stages of the pest 

were collected from the experimental area, Rice Research Institute, Dokri. Two 

isolates (274 and 373) of the entomopathogenic fungus Beauveria bassiana were 

obtained from department of Agricultural and environmental science, University of 

New Castle upon Tyne United Kingdom.  Conidia of the fungus B. bassiana (Bals.) 

isolates No. 274 and 373 were produced in petri dishes containing 20 ml of potato 

dextrose agar (PDA). The conidia were taken from the stock culture after 2 weeks 

incubation at 24  1 C. Stock cultures was maintained on PDA in Petri dishes. The 

number of spores / ml were determined using a haemocytometer chamber based on 

the formula Y = 5X 104 (Y = spore concentration in conidia per ml, X = number of 

spores in 5 squares of haemocytometer, 10
4
 = correction factor). 

6.1.2 SPORE HARVESTING TECHNIQUES  

 One liter of distilled water and 39 grams PDA (formula Potato extract 4 

parts, Dextrose 20, Agar 15 PH 5.6) were boiled in a conical flask until completely 

dissolved. This solution was autoclaved at 121 C for 15 minutes prior to use. The 
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solution was taken after 15 minutes and put in Petri dishes. The spores of B. 

bassiana were harvested from the surface of the culture by gently scribing the 

surface using a sterile loop. The harvested Petri dishes with the suspensions of B. 

bassiana were transferred to an incubator at 24  1C for 13 - 15 days. The 

harvested conidial suspensions were filtered through a double layer of muslin in 

vials (75 x 25 mm) by additional centrifugation (3000 rpm for 20 min.) in sterile 

distilled water (10 ml each petri dish). The spores were then re-suspended in sterile 

distilled water and the number of spores per ml were determined under a light 

microscope using a haemocytometer chamber (1/400 mm 2, 0.1 mm depth). 

6.1.3 EXPERIMENTAL   DESIGN 

 The experiments were conducted during the year 2007-08. Five 

concentrations of the fungus B. bassiana from the each isolate were used ranged 10
5, 

106 107, 108, 109 and 0 (Control) (spore/ml) for eggs, larvae and pupae of the yellow 

rice stem borer.  

Table E6.1 Details of isolates  

# Isolate No. Isolate Date  Host Place 
1 274 1986 Lepidoptera  Thailand 
2 373 1993 Lepidoptera  UK 

 

 Each stage of S. incertulas was dipped in the inoculums for 20-30 seconds 

and treated  insects (larvae and pupae) were carefully transferred to rice plant. 

After transfer of the treated insects, the rice plants were put in plastic bucked at 

entomological laboratory, Rice Research Institute, Dokri. Larvae and puape of the 

yellow rice stem borer were placed in four rice plants. In experiments, rice variety 
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Basmati 370 (aromatic rice group) was used. Variety Basmati 370 is susceptible for 

yellow rice stem borer and obtained from Rice Botanist, Department of Breeding, 

RRI, Dokri. The control insects (Larvae and Pupae) of S. incertulas were treated 

with distilled water. There were four replications. The eggs, larvae and pupae were 

used 30, 12 and 12 numbers respectively in each replication. The numbers of egg 

hatching were recorded daily up to 10 days after application. Mortality of larvae 

and pupae were noted daily for 12 and 10 days respectively after conidial 

suspension.  

6.1.4 STATISTICAL ANALYSIS 

 The LC50 [Lethal Concentration (spores/ ml)] of the two isolates of 

entomopathegenic fungus B. bassiana was computed from the data obtained on the 

egg hatching, larvae and pupal percentage to kill by the concentration tested 

through probit analysis with 95% confidence limit (Busvine 1971). The data were 

also analyzed for differences among the fungal doses (Spores/ ml), stages of S. 

incertulas and their possible interactions using one and two way factorial ANOVA 

(Minitab, 1993).  Fungal infection of larvae was determined by microscopic 

examination. Observations were recorded daily on treated pupae until the adults 

emerged or the pupae dead.  
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6.2 RESULTS  

 Five concentrations  of the entomopathogenic fugus B. bassiana for two 

isolates 274 and 373 were made containing from 105 to 109 and 0 (Control) spores/ 

ml. Eggs of the yellow rice stem borer S. incertulas were infested with five fungal 

concentrations of the each isolate. Highly significant differences were noted between 

doses (Spores/ml) for percentage egg hatching (Table-E6.2). 

Table E6.2 Analysis of variance the effect of Beauveria bassiana on the 
      egg hatching percentage of S. incertulas  

Source Isolates No. 274 Isolate No. 373 
DF F P DF F P 

Doses 
(Spores/ml) 
Error 

5 
 
190 

316.61 
 
1.42 

<0.0001 5 
 
50 

217.60     <0.0001** 

Total 239 474 

**= Highly significant 
DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, F=Fisher value, P=Probability  
 

The isolate No.274 was reduced the eggs hatching percent as compared to 

isolate No.373. All the treatments reduced eggs hatching than the control. With the  

log dose spores /ml increased, eggs hatching percentage of S. incertulas decreased.  

Minimum the hatching percentage was recorded in the dose 471x109 (Fig- E6.1). 
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Fig.  E6.1 Egg hatching percentage treated with two isolates of  
B. bassiana  

 

LC50 (Lethal concentration) 123x105 and 231x106 (Spores/ml) were observed 

for eggs of the yellow rice stem borer to isolate No.274 and 373, respectively (Table 

E6-3).  

Table E6.3 Pathogenicity of two isolates (274 and 373) of B. bassiana to 
the immature stages of yellow rice stem borer S. incertulas  
 
 
Isolate 

 
 
Stages 

Log  
Dose 
LC50

a 

95 % 
confidence 
limit 

 
 
Slope 

 
 
Intercept

 
 
Chi 
square 

DF P 

Upper 
limit 

Lower 
limit 

274 Egg 5.123 4.183 6.250 1.560 -2.799 2.469 3 >0.481
Larva 5.463 5.577 6.483 1.505 -4.057 2.337 3 >0.5.6 
Pupa 6.103 5.582 6.233 1.849 -4.244 4.648 3 >0.199

373 Egg 6.231 6.190 .8.140 1.392 -3.432 0.507 3 >0.917
Larva 8.332 7.060 10.130 0.978 -2.820 0.091 3 >0.993
Pupa 8334 7.093 11.482 0.981 -2.124 1.430 3 >0.698

a= Lethal concentration killed 50% tested animals 
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In the concentration of 105 spores /ml, the mortality increased slowly with 

time. Larval and pupal mortalities of S. incertulas caused by isolate No 274 and 

isolate No. 373 of the entomopothpgenic fungus B. bassiana are shown in fig. E6. 2 to 

fig. E6. 5.  
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Fig.  E6. 2 Larval mortalities of isolate No. 274. 
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Fig.  E6. 3 Larval mortalities isolate No. 373 on the various log 

doses (spores / ml) 
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Fig.  E6. 4 Pupal mortalities of S. incertulas treated with various 
concentrations of isolate No. 274 of the fungus B. 
bassiana.  
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Fig.  E6. 5 Pupal mortalities caused by isolate No. 373 of B. 

bassiana to the various Log Doses (Spores / ml).  
 
 

The highest mortality from the both isolates was recorded at the higher spore 

concentration (Fig. E6.6). Isolate No.274 was more virulent than the isolate No.373 

to larval stage of S. incertulas.  LC50 (log) of 5.463 and 6.103 spores / ml was 

recorded on larval and pupal stages, respectively, of the yellow rice stem borer.  

LC50 ( Log) 6.231, 8.332 and 8.334 spores / ml of isolate No.373 on the Egg, Larva 

and pupa, respectively, were noted (Table-E6.3). The result show that the fungal 

isolate No.373 was less effective to all the stages of yellow rice stem borer S. 

incertulas than the fungal isolate No.274. Dayer (1993) reported that tropical isolate 

No.274 of the fungus B. bassiana has a great potential in controlling the pest in a 

warmer climate. 
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As shown in table E6. 4 all the doses of spores/ml and stage interaction 

significantly affected yellow rice stem borer, S. incertulas to both fungal isolates No. 

274 and No. 373 and their interaction doses x stages, 

Table E6.4  Analysis of variance of two isolates (274 and 373) of B. bassiana to the 
larval and pupal stages of yellow rice stem borer  S. incertulas 

 
Source  Isolates No. 274 Isolate No. 373 

DF F P DF F P 
Doses 
Stages 
Dose x ages 

4 
1 
4 

263.86 
272.09 
516.09 

<0.0001 
<0.0001 
<0.0001 

4 
1 
4 

217.60 
79.18 
3.09 

<0.0001** 
<0.0001** 
<0.0001** 

Error 
Total 

923 
959 

50 
74 

**= Highly significant 
DF=Degree Freedom, F=Fisher value, P=Probability 

The mortality difference between doses spores / ml of the fungus and stages 

(larva and pupa of the yellow rice stem borer) was a highly significant. The mean 

percentage mortality caused by two isolates No.274 and No.373 of entomopathogenie 

fungus B. bassiana to larva and pupal stages of S. incertulas are shown Fig.E6.6.  
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Fig. E6.6 Mean mortality % of larval (L) and pupal (P) stages of S. 
incertulas caused by two isolates of the fungus B. bassiana. 
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No significant differences were noted between larval and pupal stages of S. 

incertulas on the log dose 7.024 spores / ml. LT50   [lethal time (days)] of the larvae 

and pupae of the yellow rice stem borer on the various log doses 5.471, 6.047, 7.024, 

8.010 and 9.110 was noted 10.0, 7.8, 6.3, 5.2, 4.3 and 9.3, 6.3, 5.7, 4.9, 3.8, 

respectively, for the isolate No.274 and 9.6, 9.0, 8.2, 6.9, 6.0 and 8.1, 6.0, 5.0, 4.8, 3.4, 

respectively, for the isolate No.373 of the fungus B. bassiana. The highest mortalites 

of the immature stages of S. incertulas were found not only at the highest spore 

concentrations but also the least LT50. LT50 of isolate No.274 and 373 (Fig. E6.7) was 

noted 4.3 and 6.0 days, respectively, on larval stage of S. incertulas on log dose 9.110 

spores / ml.  
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Fig. E6.7 Comparison of LT50 [Lethal Time (Days)] of various log 
doses of two isolates (274 and 373) to the larval (L) and 
pupal (P) stages. 
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The result of these experiments show that a log dose 9.471 spores/ ml of the 

both isolates of the entomopathogenic fungus B. bassiana was the most pathogenic to 

the immature stages of S. incertulas and log dose 5.110 gave the lowest 

pathogenicity. The highest mortality of tsetse flies and Colorado potato beetle were 

recorded on the immature stages at high spore concentration (Kaaya and Munyinyi, 

1995; Miranpuri and Khatchatatourians, 1995; Inglas et al., 1997; Legaspi et al., 

2000). The fungus B. bassiana could be used as bio-control agent against in the field 

(Gul et al., 1994; Goettel et al., 1996). The entompathogenic fungus B. bassiana has 

great potential as bio-control agent against insect pests which has been highly 

pathogenie to the larvae of lepidopterious pests  (Samsinakova and Misikova, 1973; 

Lecuona et al., 1996). It is also un-pathogenie to coccinelled predators and its impact 

on the beneficial insect would be considered (Pingel and lewis, 1996). 

The present study showed that the fungus B. bassiana has great potential to 

control of S, incertulas. The isolate No.274 was more pathogenic to control of yellow 

rice stem borer, S incertulas than the isolate No.373 of the entomopathogenie fungus 

B. bassiana.             

 

 

 

 

 

 

 



 

 94

6.3 REMARKS 

Two isolates (274 and 373) with concentrations ranging from 105 to 109 

spores per ml of the entomopathogenic fungus B. bassiana were evaluated for 

pothogenicity against immature stages of yellow rice stem borer, S. incertulas under 

laboratory conditions at Rice Research Institute, Dokri, Sindh Pakistan. Not only 

the highest rates of mortality of S. incertulas were recorded at higher concentrations 

spores / ml but also reduced percent egg hatching of yellow rice stem borer. LC50 of 

the fungus B. bassiana isolate No. 274 and isolate No.373 on egg, larva and pupa of 

S. incertulas was recorded 5.123, 5.463, 6.103 and 6.231, 8.332, 8.334 respectively. 

The isolate No.274 was more pathogenic than the isolate No.373 to control of S. 

incertulas. The fungus B. bassiana has a great potential to control yellow rice stem 

borer and impact on beneficial insects would be considered. 
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EXPERIMENT NUMBER 7 

 FUNCTIONAL RESPONSE OF THE PREDATORS AGAINST 
YELLOW RICE STEM BORER, SCIRPOPHAGA  INCERTULAS 
(WALKER) (LEPIDOPTERA: PYRALIDAE) UNDER 
LABORATORY  CONDITION 

 
7.1 MATERIAL AND METHODS 

The functional response of the predators viz. Coccinelid Beetle, Synharmovia 

octomaculata, Carabid Beetle, Ophionea nigrofascata, Meadow Grasshopper, 

Conocephalus longipennis and Damsel Fly, Austrolestes annulosus were examined  

to egg density  (20, 30, 40 and 50 egg / predators for 3 days)  and larval density  (10, 

15, 20 and 25 larvae / predators for 3 days)  of yellow rice stem borer, S. incertulas. 

Egg masses, larvae of S. incertulas and the predators were collected from the 

experimental area, Rice Research institute, Dokri, Sindh, Pakistan. Egg masses of S. 

incertulas were opened and counted under Stereomicroscope. Density (20, 30, 40, 

and 50) of eggs and density (10, 15, 20, 25) of larvae of S. incertulas were offered to 

the adult of predators. Egg and larval densities of S. incertulas for the predator 

Coccinelid beetle and the predator Carabid beetle were placed in Petri dishes and 

the same densities of the prey for the predators Meadow Grasshopper and the 

Damsel fly were kept in Jars. Each density (eggs and larvae) of the yellow rice stem 

borer was replicated three times. The consumption rates of the predators were 

recorded after 24 hours on the each density of S. incertulas for three days.  
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7.2 RESULTS  

Various density of the development stages (eggs and larvae) of yellow Rice 

stem borer, S. incertulas eaten by the predators were tested. The consumption rate 

of the predators (CB, CRB, and MG) increased as the prey eggs density increased 

(Fig. E7.1).  
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Fig. E7.1  Daily number of eggs of prey S. incertulas consumed 

by the predators at different densities of yellow rice 
stem borer / day.  

 
CB=Coccinelid Beetle, Synharmovia octomaculata 
CRB=Carabid Beetle, Ophionea nigrofascata 
MG= Meadow Grasshopper, Conocephalus longipennis 
DF= Damsel Fly, Austrolestes annulosus 
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Fig. E7.2 Daily number of larvae of prey S. incertulas consumed by 

the Predators at different densities of yellow rice stem borer 
/ day.  

 
The analysis of variance revealed the effect of eggs densities of S. incertulas 

on the predators (Table E7.1).  

Table E7.1 Analysis of variance for the predators consumed the eggs of S. incertulas 
at different densities  
Source DF SS MS F value P value 

Densities 

Predators 

Densities X Predators 

3 

3 

1 

7.67 

26.11 

1.83 

2.557 

8.704 

1.831 

11.77 

40.07 

11.28 

<0.0018** 

<0.0000** 

<0.0000** 

Error 

Total 

9 

15 

1.95 

35.74 

0.217  

**= Highly significant 
DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, F=Fisher value, P=Probability  
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There was a highly significant (P<0.0018) difference in the predators feeding 

in each egg density and was also highly significant (P<O.0000) difference between 

feeding response of the predators was observed and F value was noted 40. 07. There 

was a significant interaction between egg densities of S. incertulas and feeding 

response of the predators (P<0000 and, F=11.28). The results indicate that the 

predators Coccinelid beetle is the voracious predator and noted significant 

consumption rate. No significant difference between the predators Carabid beetle 

and Meadow grass hopper was observed. The predator Carabid beetle has eaten 

slightly more number of eggs of S. incertulas than Meadow Grasshopper. The least 

number of eggs eaten by the predator damsel fly was noted (Fig. E7.3).  

 
Table E7.2 Analysis of variance for the predators consumed the larvae of S.   

incertulas at different densities  
 
Source DF SS MS F value P value 
Densities 

Predators 

Densities X Predators 

3 

3 

1 

1.06 

1.79 

0.11 

0.354 

0.598 

0.107 

20.24 

34.18 

17.15 

<0.0002** 

<0.0000** 

<0.0032** 

Error 

Total 

9 

15 

0.16 

3.01 

0.017 

 

 

**= Highly significant 
DF=Degree of Freedom, SS=Sum Square, MS=Mean Square, F=Fisher value, P=Probability  
 

Functional response of the predators to the larval densities of yellow Rice 

stem borer is shown in (Fig. E7. 2) and analysis of variance in table – E7.2. No 

significant difference between the predators Coccinelid beetle, Carabid beetle and 

Meadow Grasshopper was observed. Mean number of larvae of S. incertulas from 

the larval density eaten the predators were noted in same group (Fig. E7.3). 
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Fig. E7.3  The eggs and larvae of prey S. incertulas at different 

densities consumed by the predators.  
The same letters are not significantly different.        

 

 The predator damsel fly was consumed less number of eggs but also larvae 

of S. incertulas than the other predators. The findings on the functional response of 

the predators, Coccinelid beetle, Carabid beetle, Meadow grasshopper and damsel 

fly to S. incertulas showed that the number of eggs and larvae of the yellow Rice 

stem borer eaten by the adult of the predators greatly increased as prey density 

increased. It was concluded that Coccinelid beetle S. octamaculata is a veracious 

predator on eggs and larvae of S. incertulas than the other predators. It is noted that 

all the predators fed more at in high density. This may be above the economic 
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threshold. Ranta and Nuutinen (1985) pointed out that the functional response of 

the predators increased with increasing prey densities and the same finding was 

recorded by Baddii and McMurtry (1988) and Dhuyo (1997). With an increase in 

prey density, the predators ate more immature stages of the yellow rice stem borer. 

When population of S. incertulas reach at ETL (Economic Threshold Level) 

introduction of the predators would be beneficial to rice field. The researchers 

suggested that predators and spiders are a favorable biological control agent, to 

suppress insect pests in the agricultural ecosystem (Joon and Seung, 2001). Fagan et 

al (1998) indicated that treatments which combine the augmentation of natural 

enemies with insecticide may be counter productive. However, predators and 

spiders still play an important role in reducing the number of insect pests in 

agricultural fields. Concluded from the results Coccinelid beetle, S. octomaculata is 

a voracious predator among the other predators and consumed more eggs and 

larvae of the yellow rice stem borer, S. incertulas.  As density of eggs and larvae of S. 

incertulas increased, feeding response of the predators also increased. Significantly 

more number of eggs of S. incertulas eaten by the predators was noted than the 

larvae.  
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7.3 REMARKS 

  The study of the functional response of the predators Coccinelid beetle, 

Carabid beetle, Meadow Grasshopper and Damsel fly on eggs and larval stages of 

the yellow rice stem borer, S. incertulas showed that the number of S. incertulas 

consumed by the predators greatly increased as the density of S. ncertulas increased. 

The amount of available food density of eggs and larvae of S. incertulas may have 

significant effect in determining the effectiveness of the predators The predator 

Coccinelid beetle consumed more prey of the developmental stages (eggs, larvae)  of 

S. incertulas than did the predators Carabid beetle or Meadow Grasshopper or 

damsel fly. The predator damsel fly consumed significantly less number of eggs and 

larvae of S. incertulas than did the other predators. The predator Coccinelid beetle 

is a voracious predator of not only eggs but also larvae of the yellow rice stem borer. 

As density of eggs or larvae of S. incertulas, increased the feeding response of the 

Coccinelid beetle also increased.   
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CHAPTER NUMBER 4 

4.1 GENERAL DISCUSSION 

The main aim of this study was to investigate integrated control of the yellow 

rice stem borer S. incertulas. Nevertheless, insect pest management in rice crop can 

be successfully adopted to keep S. incertulas within economic limits. The aim of this 

study is to control of S. incertulas through cultural, biological and microbial control. 

Microbial control as a method is harmless and nontoxic to many forms of life 

(Jayarag , 1986). 

The efficiency of plant extracts to suppress population of S. incertulas in rice 

was investigated, The results indicated that the plant extracts suppressed the 

population of yellow rice stem borer. The average white heads were declined from 

30.63 to 44. 77 and 3.72 to 4.00 percent in 2006 and 2007, respectively in the treated 

plots over the control (Experiment 1). Significantly higher number of productive 

tillers produced with the treated than the un- treated plots. The plant extracts have 

controlled S. incertulas efficiently as with chemical pesticides. The plots treated with 

neem, clap- trips and colocynth extracts not only produced more number of 

productive tillers but also produced significantly higher yield than untreated 

(control). The plots treated with neem extract had the lowest dead hearts and white 

heads than the other treatments. The maximum number of predators was found in 

the neem extract (Experiment 1). The previous work of Dodan and Roshanlal 

(1999); Kaul and Sharma (1999); Rath (1999 and 2001); Bora et.al (2004) and 

Prasad et. al. (2004) also reported that neem Azadiracha indica products to suppress 

population of yellow rice stem borer, S. incertulas. 
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Varietal resistance is an important component of Integrated Pests 

Management (IPM). The use of insect resistance cultivars is an ideal method of 

insect control (Sonatakke et. a., 1997). The reaction of different groups of rice 

(scented rice, medium maturing coarse rice and early maturing coarse rice) was 

evaluated against S. incertulas under field and green house conditions (Experiment 

2). Eleven scented rice entries, twelve medium maturing coarse rice and eight early 

maturing coarse rice entries were screened against S. incertulas. Scented rice entries 

were more susceptible to S. incertulas than the coarse rice entries. Medium 

maturing coarse rice entries were more susceptible than the early maturing coarse 

rice entries. The scented rice entry lateefy was noted moderately resistance to S. 

incertulas under the field and green house conditions. Among the twelve medium 

maturing rice entries, the entry TCX3162-11-1-2-1 was found susceptible in field 

and in green house. Out of eight entries, one entry (DR-82xS.Kangani) from the 

early maturing coarse rice entries was recorded susceptible to yellow rice stem 

borer, S. incertulas (Experiment 2). Pathak (1970); Pathak and Dhaliwal (2002) 

reported  that varietal resistance to control insect pests provide no additional cost 

and free from environmental hazards and no problem of genetic incompatibility of 

insect resistance with the other desirable traits of the plants. 

Cultural practice is very important tool in integrated pest management. The 

time of planting is an important component of IPM and is an ideal method of insect 

control. Adjustment of planting time is the most feasible way to reduce stem borer 

infestation (Suharto and Usyati, 2005). In experiment 3, seven dates of transplanting 

were examined to determine the effect of stem borer infestation and populations of 



 

 104

S. incertulas. The maximum dead hearts and white heads percentage were recorded 

on late sown crop (30th July, 9th. August and 20th August). The minimum dead 

hearts (2.56% and 2.10%) and white heads (3.4% and 3.50%) were noted on 10th 

July transplanting in both year 2006 and 2007, respectively. The least infestation 

percentage 2.89 and the highest yield 7818 kg/ha. were recorded on 10th July 

transplanting and considered to be optimum time for planting of rice crop in Sindh 

environmental conditions. In contrary, the highest infestation 35.63% and minimum 

yield 4558 kg/ha. was noted on 20th August transplanting. It is clear in investigations 

from experiment 3 that Late transplanting of rice should be discourage, as the late 

crop is very much prove to severe infestation yellow rice stem borer, S. incertulas in 

both vegetative (D.H.) and reproductive (W.H.) stages of rice crop.  

In experiment 4, the investigations were carried out on the effect of 

agronomic practices like, different cuttings of stubble heights and post harvest 

cultural practices on yellow rice stem borer S. incertulas. As stubbles heights were 

increased, the larval population were decreased. No significant difference of larval 

population was observed between 15.00 and 20.00 cm cutting of stubbles above the 

soil surface. Highly significant difference was noted in the different heights of 

stubbles of paddy. Maximum population was noted on stubble heights 15.00cm .The 

results indicated that the harvesting 15.00 to 20.00cm above soil surface is 

recommended because not only density of the larval and pupal population reduced  

but also provide good quality straw for feeding animals. 
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The post harvest cultural practice was studied in experiment 4. The results 

revealed that in the ploughed rice field, lower number of larvae and pupae and 

higher mortality was observed as compared with un-ploughed field. The rice field 

should not be left fallow or cultivated without ploughed. MB plough uproots paddy 

stubbles which subjected to drying and leaving of them thus resulting in sever 

mortality of hibernating larvae of S. incertulas. 

Life table of yellow rice stem borer, S. incertulas related to rice crop growth 

period was determined in experiment 5. Infestation percentage attacked by S. 

incertulas was recorded related with crop growth stage at two sites. Infestation 

percentage was noted during 4th week after transplanting of crop. The infestation 

was gradually increased up to 10th week after transplanting and infestation % 

decreased till 18th week. The maximum number of larvae was recorded on 20th week 

and highest number of pupae was noted on 11th week after transplanting.  Immature 

stages of yellow rice stem borer, S. incertulas can be controlled in hibernation. The 

normal rice crop, irrespective of its transplanting period, develops borer infestation 

after fifth week of transplanting. The earlier coverage of insecticides is not 

beneficial. 

Pathogenicity of the fungus B. bassiaua  against the yellow rice stem borer, S. 

incertulas was evaluated under laboratory condition (Experiment 6). Two isolates 

(274 and 373) with concentrations ranging from 105 to 109 spores / ml of B. bassiana 

were tested to the immature stages of S. incertulas. The highest rates of mortality of 

S. incertulas were recorded at higher concentration spores / ml, and also reduced 

percentage egg hatching of S. incertulas. LC50 of isolate No. 274 was noted 5.123, 
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5.463, 6,103 for egg, larvae, and pupae, LC50 isolate No. 373 were observed 6.231, 

8.332 and 8.334 log doses spores/ml for egg, larvae, and pupae of S. incertulas, 

respectively. The isolate No. 274 was more pathogenic than the isolate No. 373 to 

control of yellow rice stem borer S. incertulas. The fungus of B. bassiana has a great 

potential to control of S. incertulas. Impact on beneficial insects would be 

considered.  

Functional response of the predators on eggs and larval densities of yellow 

rice stem borer was studied  in experiment 7. No significant difference between the 

predators Coccinelid beetle, Carabid beetle and Meadow Grasshopper was 

observed. The findings on the functional response of the predators, Coccinelid 

beetle, Carabid beetle, meadow Grasshopper and Damsel fly to S. incertulas showed 

that the number of eggs and larvae of the yellow rice stem borer consumed by the 

adult of the predators greatly increased as prey density increased. It was concluded 

that Coccinelid beetle S. octamaculata is a voracious predator on eggs and larvae of 

S. incertulas than the other predators. It is noted that all the predators fed more at 

in high density. This may be above the economic threshold. Ranta and Nuutinen 

(1985) pointed out that the functional response of the predators increased with 

increasing prey densities and the same finding was recorded by Baddii and 

McMurtry (1988) and Dhuyo (1997). With an increase in prey density, the predators 

fedon  more immature stages of the yellow rice stem borer, S. incertulas which 

suggests that it may be effectively introduced the predators in to the rice field. The 

earlier reports  suggested that predators and spiders are a favorable biological agent 

to control insect pests in the agricultural ecosystem (Joon and Seung, 2001). Fagan 
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et al., (1998) indicated that treatments which combine the augmentation of natural 

enemies with insecticide may be counter productive. However, predators and 

spiders still play an important role in reducing the number of insect pests in 

agricultural fields. Concluded from the results that Coccinelid beetle, S. 

octomaculata is a voracious predator among the other predators and fed more eggs 

and larvae of the yellow rice stem borer, S. incertulas..  As density of eggs and larvae 

of increased, feeding response of the predators also increased. Significantly more 

number of eggs of S. incertulas eaten by the predators was noted than the larvae. 

The amount of available food density of eggs and larvae of S. incertulas may have 

significant effect in determining the effectiveness of the predators. The predator 

Coccinelid beetle consumed more prey of the developmental stages (Eggs, larvae)  of 

S. incertulas than did the predators Carabid beetle or Meadow Grasshopper or 

damsel fly. The predator damsel fly consumed significantly less number of eggs and 

larvae of S. incertulas than did the other predators. 

4.2 CONCLUSIONS     

  Summarizing all the results on the integrated control of the yellow rice stem 

borer, S. incertules are as under.       

  All the treatments including Karate 2.5 EC plots had the comparable lowest 

percentage of dead hearts, white heads, and more number of productive 

tillers and filled grains than un-treated control. Neem and colocynth extracts 

produced comparable higher yield than tobacco extract and Karate.     

 Maximum number of different predators was found in neem extract treated 

plots. On the basis of infestation of borer, high yield and number of 
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predators, neem extract can be regarded as alternative insecticide to control 

of insect pests of rice crop.      

 Aromatic rice entries were more susceptible to S. incertulas than the coarse 

rice entries.  

 Medium maturing coarse rice entries were more susceptible than the early 

maturing coarse rice entries to S, incertulas.  

 The least infestation percentage and the highest yield kg/ha were recorded on 

the 10th July, transplanting.  

 August transplanting increased population of S. incertulas and decreased 

yield kg/ ha. 

 The rice field should not be left fallow or cultivated without ploughing,   

 Harvesting of rice crop should be done at 20 cm above soil surface. 

 M B plough used in paddy field for severe mortality larvae of S. incertulas. 

 The isolate No.274 was more pathogenic than the isolate No.373 to control of 

S. incertulas. 

 The fungus B. bassiana has a great potential to control of S .incertulas.   

 The coccinelid beetle is a voracious predator on the eggs and the larvae of 

S.incertulas than the other predators. 

 The predator damselfly ate significantly less number of egg and larvae of S. 

incerulas than did the other predators.  

 The density either eggs or larvae of S .incertulas increased the feeding 

response of the predators also increased. 
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 On the basis of above conclusion, what strategies would you suggest to be 

implemented for suppressing the population of stem borer as well as reduce 

the damage caused by the pest.   

4.3 RECOMMENDATIONS FOR FUTURE STUDIES 

 The present thesis has opened up several avenues for further studies on 

insect pests of rice crop. 

There is a need:  

 to evaluate of the fungus Beauveria bassiana (Bal.) against insect pests 

of rice crop (Whitebacked Planthopper and Rice Leaf Folder). 

 to evaluate pathogenicity of the fungus B. bassiana against the 

predators of the yellow rice stem borer, S. incertulas. 

 to determine the influence of the predators on White Backed Plant 

Hopper and Rice Leaf Folder. 

 to determine Biology the predator Coccinilid beetle. It is a voracious 

predator of S. incertulas. 

 to evaluate botanical pesticides (Plant extracts) against insect pests of 

rice crop particularly Whitebacked planthopper, Rice Mealy Bug and 

Rice Leaf Folder. 
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