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THESIS ABSTRACT 

This research project was accomplished at four experimental sites of southern Punjab in order to 

underline the insect pest’s population dynamics of cotton and their predators. Eggs and adult 

Population counts of American bollworm (ABW), Pink bollworm (PBW) and spotted bollworm 

(SBW) are presented in the undergoing paragraphs. The three years study showed that adult count 

of ABW was at extreme in October 2014, 2016 and September 2015 at site-I. Similar population 

trends were observed in 2014 for ABW at site-II. During three years egg and adult count of ABW 

at site-III was in order: 2014> 2015> 2016. At site-IV population of adults started increasing, 

reached a maximum in August, and declined slightly in September and October 2014. During 

2015, ABW adult count was maximum in September. Similar population trend of ABW was 

observed during 2016 at site-IV. The egg counts of ABW was maximum in September 2014 at 

site-I. During 2015, it was maximum in October, and July 2016. At site-II, maximum eggs count 

of ABW was found during October in 2014, 2015 and 2016, respectively. At site-III, maximum 

egg count of ABW was observed in July 2014, in August 2015 and in September 2016, 

respectively. Maximum egg counts of ABW at site-IV during 2014, 2015 and 2016 were observed 

in the months of August, October and September, respectively. Adult counts of PBW was highest 

in September during 2014, 2015 and 2016 in each year at site-I. At site-II, highest adult population 

of PBW was recorded in October 2014, 2015 and September 2016. At site-III, highest PBW 

population was observed in September 2014, October 2015 and September 2016. At site-IV 

highest mean egg counts of PBW was noted in October 2014, 2015 and 2016. Highest egg counts 

of PBW was noted in September each year at site-I. Mean number of eggs of PBW was found 

highest during September in 2014, 2015 and 2016 each year, at site-II. Highest average egg number 

of PBW was enumerated in September 2014, September 2015 and October in 2016, at site-III. The 

highest average count of eggs of PBW was noted during September 2014, October 2015 and 

August 2016, at site-IV. The highest adult population of SBW was recorded at site-I during 

October 2014, July 2015 and September 2016. At site-II, highest adult SBW was observed during 

September 2014 and 2015 each, and in October 2016, respectively. Highest average adult 

population of PBW was noted in September 2014, August 2015 and September 2016, respectively 

at site-III. At site-IV, the highest adult population of SBW was found in September 2014, August 

2015 and October 2016. Eggs count of American bollworm was significantly affected by period 

(P<0.05) and variety (P<0.001). Egg count of PBW was significantly affected by varieties and egg 

count of spotted boll worm was affected by period (P<0.001) and variety (P<0.001) at site-I. Adult 
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population size of American bollworms (ABW) at site-I was affected significantly by period 

(P<0.001) and variety (P<0.001). Pink bollworm (PBW) and Spotted bollworms adult counts were 

affected significantly (P<0.05) by period and variety. Average egg count of ABW, PBW and SBW 

showed significant differences for period and varieties. Host plant susceptibility index (HPSI) 

showed that cotton variety IUB-33 had highest HPSI in 2014 at site-I and site-II, and Lalazar and 

MNH-988 had highest HPSI at site-III and site-IV in 2014. Eggs count of ABW, PBW and SBW 

were non-significantly affected by humidity level (P>0.05), temperature (P>0.05) and wind speed 

(P>0.05) at all sites. Average number of adults ABW, PBW and SBW was also not affected by 

temperature, humidity level and wind speed and was non-significant (P>0.05) at all sites. 

Correlation coefficients between populations of lady beetle (predator) and ABW, PBW, SBW were 

low and non-significant during the year 2014. The correlations between spider (predator) and 

ABW, SBW populations were low and non-significant but low and significant for PBW population 

in this year. The correlations between both predator’s prey populations were high and significant 

(P<0.01) during 2014 at site-I. During 2015, correlation between lady beetle and ABW, SBW 

populations were positive low non-significant and negative low non-significant, respectively. 

PBW had lower but significant (P<0.05) correlations with lady beetle population. Spider 

population bore very low non-significant correlation with ABW, negative very low non-significant 

correlation with SBW and low but significant (P<0.05) correlation with PBW population. Mutual 

correlation between predator’s populations was very low and significant. In 2016, correlation 

analysis showed that population of lady beetles moderate and significant (P<0.001) with 

populations of ABW, PBW and SBW. Spider populations also showed intermediate to high and 

significant (P<0.001) correlations with ABW, PBW and SBW populations along with lady beetle 

population at site-I. At site-II, the correlations coefficients for lady beetle population and ABW, 

PBW and SBW were significant (P<0.001) and high in 2014. Spider population showed highly 

significant (P<0.001) but moderate to high correlations with ABW, PBW and SBW populations. 

During 2015, the second year of research, the correlations between prey (ABW, PBW and SBW) 

and lady beetle population were moderate but highly significant (P<0.01) at site-I. Spider 

population showed similar pattern of correlations during this year in the region but had highly 

significant and high correlation with lady beetle population. Lady beetle population had very low 

to low and non-significant correlations with ABW and SBW populations, respectively. A moderate 

and highly significant correlation coefficient was found between lady beetle and PBW populations. 

Population of spiders had similar type of correlations with ABW, SBW and PBW i.e. very low to 
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low negative non-significant for former two and moderate but significant with the later. At site-

III, during 2014, correlations between lady beetle population and ABW were highly significant 

and high, PBW very high and highly significant, and SBW moderate and highly significant. Spider 

population had low to moderately high and significant correlations with ABW, PBW and SBW 

populations. In 2015, lady beetle population had very low to low negative non-significant 

correlations with ABW and SBW populations and low non- significant correlation with PBW 

population too. Spiders showed very low to low and non-significant correlations with population 

of ABW, PBW and SBW during this year in the region. Correlations between lady beetle and prey 

(ABW, SBW and PBW) were moderate to high and significant. Spider population had low to 

moderately high correlations with ABW, PBW and SBW populations in this region. During 2014, 

the correlations between lady beetle population and prey (ABW, PBW, SBW) populations were 

moderate to high and significant (P<0.001). Spider population had low, moderate and high but 

significant correlations with SBW, ABW and PBW populations during this year at site-IV. During 

2015 at site-III, correlation coefficients between populations of lady beetle and chewing pests 

(ABW, PBW, SBW) were low to moderate and significant except for SBW that had non-

significant correlation. Correlations between spider and chewing pest (ABW, PBW, SBW) 

populations were also in lower to intermediate range during this year yet they were significant 

(P<0.05). Lady beetle and chewing pest populations had negative and very low to low correlations 

that were also non-significant at site-IV.  
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ABSTRACT 

The present study was conducted to find seasonal changes in population densities of different 

cotton bollworms present in cotton field of Southern Punjab, Pakistan. Therefore, the study was 

conducted in four districts (Multan, Muzaffar Garh, Kabirwala and Khanewal) of Southern Punjab 

in Pakistan from 2014 to 2016. Egg and adult counts of American bollworm (ABW), Pink 

bollworm (PBW) and Spotted bollworms (SBW) were recorded from the start of sowing season to 

harvesting the crops. The data collected were analyzed statistically and means were compared at 

5% significance level. It was found that population densities of these bollworms (ABW, PBW, 

SBW) were minimum in April and May and the maximum in September and October every year. 

Most of the moth visited in the sowing season to lay eggs on cotton leaves which hatched and 

finally worms entered into cotton bolls. The populations of these bollworms can be predicted using 

some linear regression equations. These findings can be used to set up some effective pest control 

programs for these chewing bollworms to minimize economic losses. It is therefore, suggested to 

go for some biological control instead of chemical one to minimize population densities of these 

insects. 

Keywords: Chewing pests, population densities, seasonal effects, bollworms 
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1.1  INTRODUCTION 

Pakistan being agriculture country produces many cash crops like wheat, rice, sugarcane and 

cotton. More than 2.30 million tons of cotton was produced during 2015-16 that provided 1.5% of 

national and 17% of agricultural GDP (GOP, 2016). It’s usually meant for fiber producing since 

prehistoric times. Cotton fiber is fragile, soft, produced in the form of cotton bolls, around the 

seeds of cotton plant. Botanically cotton belongs to genus Gossipium of family Malvacea. Its fiber 

is made up of pure cellulose. The plant is shrubby in nature and found mostly in tropical, sub-

tropical regions throughout the world like as Africa, America, and in Asia. Diversity of wild cotton 

can be found cultivated in Mexico (Huckell and Lisa, 1993). Nearly, 25 million tons of cotton is 

produced annually on the globe. China is the largest producer for the cotton, which is totally used 

for domestic needs. On the other hand, United States has been the main exporter for many years 

(Moulherat et al., 2002). Presently Pakistan is at fifth position in the world for cotton production, 

3rd in export and 4th in consumption. There are more than 5 million farmers in Pakistan among 

them 1.3 million farmers cultivate cotton in the area of over 3 million hectares which makes the 

15 % of cultivable land of country (GOP, 2010). Cotton is considered as white gold and is an 

important cash providing crop in Pakistan. It is grown mostly in two provinces of Punjab and 

Sindh, with the fomer accounting for 79% and the later 20% of the nations cotton growing land. It 

is also grown in Khyber Pakhtoon Khwah (KPK) and Balochistan. The percentage contribution of 

the cotton in the economy of the country is 17%.  Two major types of pests which are producing 

drastic effects on cotton crops i.e. sucking type and chewing type are found in Pakistan. Sucking 

pest can be controlled by applying pesticides but controlling chewing pests remain the challenge 

including bollworms i.e. American, Pink and spotted bollworms, which cause decline in cotton 

yield and fiber quality (Vaugham, 1978). Some other bollworms are also found on cotton like 

Diparopsis castanea red bollworm: centeral southern Africa, Earias insulana spiny bollworm: 

Africa, Helicoverpa zea, the American bollworm or tomato grub, Africa, Pectiniphora scutigera 

Pink spotted bollworm: Austalia.  Cotton is one of the most economically important crops in China, 

while insect pest damage is the major restriction factor for cotton production. The strategy of 

integrated pest management (IPM) through biological control has been widely applied. Nearly 500 

species of natural enemies have been reported in cotton systems of China, but few species have 

been examined closely. Seventy-six species, belonging to 53 genera, of major arthropod predators 

and parasitoids of Lepidoptera pests, and 46 species, belonging to 29 genera, of natural enemies 
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of sucking pests have been described. In addition, microsporidia, fungi, bacteria and viruses are 

also important natural enemies of cotton pests. IPM strategies for cotton pests comprising of 

cultural, biological, physical and chemical controls have been developed and implemented in 

China over the past several decades. Transgenic insect-resistant cotton is being increasingly 

planted in cotton-planting regions, where geographical climate conditions and species composition 

of pests and natural enemies are greatly unique in China (Pemsl et al., 2005). Moth larvae called 

as bollworms belonging to order lepidoptera are having an ability to attack the fruiting bodies of 

different plant, cotton is one of them. There are different types of bollworms but the most common 

is, spotted, American, and Pink bollworm. These are very dangerous as they are having chewing 

types of mouth parts and due to this reason, they are also called as chewing insect pest of cotton 

because they affect the cotton plant and badly reduce the yield (Sisterson and Tabashnik, 2004). 

As the name indicated larvae parasitize the cotton bolls. In case of spotted bollworms, larvae 

penetrate into shoot where the floral buds have to form. When the flower and bolls are formed then 

the infestation has been observed. As a result of infestation desiccation and falling of terminal 

shoots, shedding of square, young bolls has been seen. Shedding of flowers, bolls, squares results 

in mass lose to the farmer (Sarate et al., 2012). Hatching days of eggs are 3-4, after hatching young 

larvae feed on several square, leaves and importantly attack the boll. The most important thing is 

that half body of the larva is outside and around the boll with large amount of fecal matter on the 

bolls and leaves. Pink bollworm larvae are white but become pink after 1-2 days, heads of the 

larvae are dark in color but after some time head becomes yellowish brown. As soon as they hatch 

they enter into nearby boll and feed in the boll or square, the average life of larvae before pupate 

is 10-14 days (Reddy et al., 2015).  The present study was conducted to elucidate seasonal changes 

in insect pest populations in cotton fields at different locations in southern Punjab. This study 

served the following objectives: 

• To determine pest population densities in cotton fields 

• To investigate pest population changes with season 

• To find insect population fluctuations at different sites  

• To study pest population differences in different years 
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1.2 REVIEW OF LITERATURE 

Pest populations frequently change when there is change in season. Usually they appear in small 

number when crop seeds germinate that increase with growing stages and ultimately reach the 

highest numbers when adequate space and feeding materials are available for their growth and 

proliferation. Qureshi et al. (2009) stated that moths of the bollworms were functional round the 

year, but the number decreases during the summer months like May and July, while in October 

maximum number of moths were recorded. During March and April, these months might be very 

ineffective for the emergence of the moths because they did not find any type of fruiting bodies 

for stay. This study revealed that as they were found throughout the year indicated that there was 

no diapause phase during the life cycle. Pratheepa et al. (2010) studied the abiotic and biotic factors 

affected on the american bollworm i.e. Helicoverpa armigera. They revealed that predator was 

having positive correlation as compared to environmental factors like temperature and rainfall 

which were negatively correlated with the pest. Furthermore, they concluded that end of the 

monsoon season was very much effective for pest occurrence. However, winter season was 

favorable for the predators of the bollworms. Glick and Graham (1965) proposed that although the 

presence of bollworms was observed throughout the year but highest number of pink bollworm 

were detected during the months of August. They also concluded that this is the period when the 

cotton was matured. Kavitam et al. (2015) studied the effect of temperature and CO2 on the 

multiplication of insect pests and host plants. They observed that multiplication rate might enhance 

with the increase of CO2 and temperature. They also studied that insect pests which were found in 

warmer areas undergoes rapid population growth, because of the high metabolic rate and high 

reproduction ability. Moreover, they concluded that temperature and precipitation could have an 

ability to change the abundance and distribution of insect pests. Researchers observed the fruiting 

bodies of cotton and moth count especially spotted bollworms. They stated that August and 

October were the months in which the maximum number of spotted bollworms was observed. 

While in October the population of spiny bollworms was high in number (Qureshi and Ahmad, 

1991). Temperature controlled chambers were used to study the effect of temperature on the 

development of bollworms especially Helicoverpa armigera by Barteková and Praslička (2006). 

They observed that the minimum temperature for the development of egg was 14.8oC, for larvae 

11.3oC and pupae required 8.2oC. Prasad and Bambawale (2010) observed that increasing 

temperature not only effecting the chewing pests but also influencing the natural enemy of the pest 
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and their natural control. Minimum temperature might be the reason of increasing geographical 

range of these insect pests. They concluded that water stress, temperature and moisture effect could 

be complex. Aziz et al. (2011) stated that temperature either it was minimum, maximum or average 

affected positively on Earias Spp. while rain fall and relative humidity showed negatively affected 

the infestation of fruiting bodies by Earias Spp. and linear regression revealed that highest 

temperature said to be very important factor. Satti (2012) estimated that global warming might 

increase the percentage of insect’s pests on different crops. Global warming played a vital role in 

case of increasing population of insect pests. Akram et al. (2013) studied the effect of biotic and 

abiotic components on the population fluctuation of insect pests of cotton. They observed that 

minimum and maximum temperature had positive and significant effect on the population of 

insects while humidity showed negative effect.  Larval population was studied by Zafar et al. 

(2013) they observed that their population was increased from April to May, same pattern of 

increas was observed in case of egg count. They concluded that maximum temperature had 

significant and positive value of correlation. While relative humidity and rainfall showed 

significant and negative correlation with the egg count. Hussain et al. (2014) carried out a study 

about the effect of environmental factors like temperature, humidity, and rainfall on the population 

dynamics of insect pests of cotton crop. They concluded that maximum population of insects was 

observed on Sitara-008 and FH-114. They concluded by revealing that maximum temperature was 

significantly correlated and minimum temperature was non-significantly correlated. Humidity and 

rainfall was positive and significantly correlated. Effects of biotic and abiotic factors on different 

cotton varieties were studied by Ragab et al. (2014), they observed that moths of the army worm 

were emerged during May and continued till September. They used to calculate the relationship 

with the dependent variable i.e. eggs /larvae of American bollworm which were affected by moon 

light percentage, length of night, moths caught in trap, receptors of cotton. The ANOVA result of 

their data showed highly significant values of regression analysis between expected eggs, larvae 

and moths which were trapped. Pan et al. (2014) studied the effect of three major weather factors 

like as humidity, temperature and rainfall on insect population dynamics. They observed that eggs 

were laid by the insects on the dead branches of trees furthermore they said that rainfall was 

necessary for the hatching of eggs. Relative humidity and temperature was positively correlated 

with the emergence of nymph. By using this information, one can control the emergence of 

Nymph. Impact of critical temperature and rain fall on the American bollworm was studied by 

Reddy et al. (2015). They demonstrated that moth population depends upon the winter air 
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temperature, number of winter days, and the precipitation. Kumar et al. (2016) studied the impact 

of temperature, humidity and rainfall on different bollworms, they explored that spotted bollworm 

have positive correlation with minimum temperature, relative humidity and rainfall while 

American and pink bollworm exhibited positive relations with evening hours. Changes in climate 

and global warming impacts a major change in population dynamics of insect pests, insect-host 

plant interactions. Presently it is assumed that insects are confined to tropical and sub-tropical 

regions but nowadays as a result of global warming they will move to temperate regions. 

Researchers concluded that it is a need of the hour to assess the effectiveness of different insect 

pest management techniques under changing environmental condition (Sharma, 2016). Ali et al. 

(2016) studied the impact of weather on spotted bollworm, they studied that pest population was 

present throughout the year, while the highest population was recorded in October and temperature 

in this month was 32.73 oC and 23.78 oC. Further they concluded that none of other weather factors 

showed significant correlation with the pest. Maximum, minimum temperature and relative 

humidity showed maximum impact on population fluctuation of insect pests. Khan et al. (2002) 

searched out that pink bollworm infestation was negatively correlated with environmental factors 

like as temperature and rainfall. They observed that higher number of worms was found during 

October, where the infestation of Pink bollworm on flower was 16.07%, on square 8.99% and on 

green bolls it was 11.43%. While temperature range during that month was 28.31-30.08 oC and 

relative humidity was (46.91-53.50%).  Studies on variable infestation have been performed by 

various researchers. Khan et al. (2002) investigated the infestation fluctuation of bollworms of 

cotton like Pink, American and Spotted bollworms. He observed that maximum infestation of pink 

bollworm was recorded in October at 30.08 oC temperature, and 53.50% humidity and maximum 

damage was observed with no precipitation. Minimum infestation from pink bollworm was 

recorded in July and August. Spotted bollworm and American bollworm have maximum 

infestation in September, when temperature was 30.62 oC, and 30.06 oC, rainfall was 0.10 mm and 

0.125 mm, humidity was 59.21% and 61.68% respectively. While minimum infestation was 

recorded in July and August. Llewellyn et al. (2007) evaluated the performance of Bt cotton 

against the H. armigera. They studied that Bt plant has capacity to produce such type of toxin 

which is the reason for the mortality of the larvae and this toxin is very much effective in the early 

season but as the season is going on the production ability of the plant is reduced. Field survey 

showed that little number of larvae survive on Bt cotton. Efficacy was minimized after a cool wet 

period. Changes measured were associated with development of plant around the growing season 
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in glass house and in the field (Olsen et al., 2005). The effectiveness of Bt variety fluctuates, and 

as a result some insects survive, and resistance develops in H. armigera to the Bt toxin. They 

measured the changes in efficacy associated with plant during the season moreover, Cry1Ac 

protein level and Cry1Ac RNA were determined by the researchers. They concluded that 

effectiveness of toxin changes during the season and among the seasons it is also observed that 

toxin production is affected by abiotic factors as well. Bollworm number was higher on flower, 

square and anther than the other parts of the flower in Non Bt cotton and Bt cotton. Gore et al. 

(2001) investigated bollworm survival on Bollgard and Bollgard II. They used ELISA test which 

indicated Cry1Ac production was different in different parts of plant, while survival of bollworm 

was not directly related with protein expression. Infestation of bollworm was same both in 

conventional cotton and Bollgard, Bollgard II. But survival was higher in conventional cotton than 

the Bollgard. Gore et al. (2002) investigated feeding habit of Helicoverpa zea bollworm. They 

placed larvae on different parts of the Bt and non Bt plant. They found differences between Bt and 

non Bt plants in the infestation of terminal and square within 48 hours. Hu et al. (2009) studied 

the effect of different cotton varieties on the population of bacteria in the upper sphere of soil. One 

Bt and non Bt cotton variety, each was cultivated in four fields while Bt variety was farmed every 

year and the soil sample was examined for bacterial population. They concluded that number of 

different group of bacteria in upper soil layer is not distinct and cotton variety was not playing any 

role in the production or declining of bacteria. Transgenic crops have a special gene called as Bt 

gene, the presence of this gene is very effective against bollworms and as a result use of insecticide 

is reduced in an area where Bt crop is cultivated. Venette et al. (2000) studied the effect of low 

temperature and high soil moisture on the mortality of pink bollworm larvae, for this purpose they 

used incubator and set the temperature at 22 and 5 oC while moisture was 0%. They observed that 

at this temperature and moisture 90%, fourth and fifth larval instar died more quickly and found 

out that larvae was not in diapause state while the larvae collected from field withstood at 5 oC for 

60 days. As the temperature increased to 10 oC 60% larvae was died within the first 10 days. They 

concluded that the diapausing larvae are more susceptible to low temperature and high soil 

humidity as compared to non diapausing larvae. Male adult activities of bollworms like as 

Helicoverpa zea and tobacco budworm were studied by using sex pheromones during 1982-1995 

by Parajulee et al. (2006). They examined moths weekly from early March to mid-November by 

using sex pheromones trap. They observed that 98% bollworm and 2% tobacco budworm was 

captured in that trap.  Number of bollworms was significantly higher (226.5±10.4) as compared to 
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bud worm (153.7±8.1). Average weekly temperature showed significant positive relationship with 

moth abundance, while weekly wind velocity showed negative correlation. Weekly average 

precipitation showed strong positive relationship with the moth abundance during June to 

September and this duration is an active fruiting season of cotton. Cold hardiness and sugar content 

of cotton bollworm H. armigera were compared between non diapausing and diapausing pupae by 

Izumi et al. (2005). They reared these pupae at 20 oC under long photoperiod and short photoperiod 

and reduced to 5 oC temperature for every 5 days and temperature reached to 0 oC. At this 

temperature they observed the survival of pupae, they concluded that survival decreases slowly as 

the treatment period was going on, half survival of diapausing pupae was observed during 112 

days of temperature treatment while non diapausing pupae survival rate was only 14 days. They 

found that glucose and trehalose were the major sugar content in pupae of H. armigera. These 

contents increased significantly as the temperature decreased during 58 days of treatment but after 

that content decreased. As a result of these treatment they finalized that diapausing pupae can 

tolerate the low temperature as compared to non-diapausing pupae. Effect of temperature on the 

development, survival, longevity and fecundity of American bollworm was assessed by Mironidis 

and Soultani. (2008). For this purpose, they selected 11 constant temperature ranges from 12.5-40 

oC and alternating five temperature regimes i.e. 35-27.5, 25-10, 30-15, 32.5-17.5, and 35-20. They 

observed that bollworms which were reared at constant temperature were not grown to adult. While 

at 10.17 to 11.95 oC very little development was observed. Mean adult longevity fluctuations were 

seen from 15 oC to 35 oC. Eggs laid by female were higher at any temperature except only at 

constant temperature of 25 oC. They concluded that extreme temperature shows negative effect on 

the bollworms survival and fecundity. Effect of predator and temperature on the larvae of H. 

armigera was studied by Pandey and Tripathi. (2008) who applied six temperature conditions in 

the laboratory i.e. 12, 17, 22, 27, 32, and 37 oC, while 10:14 was photoperiod in those days. They 

observed that development time decreased as the temperature increased from 12 -37 oC and 

production of female offspring decreased when female was remained above or below 22 oC. They 

concluded that parasites of H. armigera were released only in that area where temperature ranges 

remained 17-27 oC. Chen et al. (2014) investigated the pupal diapause of cotton bollworm both in 

laboratory and natural condition. For this they used different day length like as 11:13 LD, 12:12 

LD, 13:11 LD and temperature was 20, 22, and 25 oC at that time. They observed that, 25 oC was 

more accurate temperature for diapause than 20 and 22 oC and day length was 11:13 LD, while 

exposure to temperature and number of days were also very much effective for the pupal diapause 
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of cotton bollworms.  Further they also observed that chilling at 5 oC did not shorten the duration 

of diapause but increased the duration. They concluded that cool temperature before March had 

boosted impact on development of larvae while temperature was 20 oC. Wu et al. (2006) studied 

the effect of temperature and humidity on potential and flight tendency of bollworms, by using 32-

channel and computer monitored flight mill system in the laboratory. They observed that flying 

ability of female is much higher as compared to male. They concluded that flight ability was 

positively correlated and significant with pupal weight, while unmated male having an increased 

flight ability from the time of exclusion and after that it reduced steadily. They observed that 

normal temperature for the flight was 16-36 oC, while optimum range of temperature was 24-28 

oC, and relative humidity ranged from 75-90%. Population dynamics of American, spotted and 

pink bollworms were observed by Pazhanisamy and Deshmukh (2011). They investigated that 

37th, 43rd and 48th weeks were the most number of catching weeks for American bollworm, 39th 

and 45th were the highest catching weeks for spotted bollworm and 45th to 50th weeks were 

highest for pink bollworm. During their study, they found no significant correlation of rainfall with 

the bollworms while minimum and maximum temperature, relative humidity and wind speed had 

positive and significant correlation with the population dynamics of bollworms. Ghosh et al. 

(2014) studied the effect of weather parameters like rainfall, minimum and maximum temperature, 

evening and morning relative humidity, and bright sun shine hours on pest population of American 

bollworms. Maximum damage was observed during 35th to 50th weeks, during these weeks 

maximum and minimum temperature, morning and evening humidity were playing a vital role in 

pest infestation. High infestation of bollworms was observed at maximum of 32 oC and minimum 

of 23 oC, while morning relative humidity were 80% and 60% of evening relative humidity. 

Temperature of soil and moisture affects the soil dwelling insects and these effects were studied 

by Lepage et al. (2012). They observed that the most affected stage of the soil dwelling insects by 

these edaphic factors was eggs and young larvae. They investigated that if eggs were exposed to 

continuous temperature i.e. 20-29 oC, humidity 5-200%, the temperature had no significant effect 

whereas <25% humidity caused egg mortality. Low mortality was observed if the eggs were 

exposed to below 33 oC while <5% of eggs were survived at 40 oC. If first larval instar were 

exposed to constant temperature i.e. 17-29 oC and humidity 5-100%, then a significant effect on 

the larval survival was observed. They concluded that survival of larva increased with an increase 

in soil moisture and temperature.  
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1.3  MATERIALS AND METHODS 

1.3.1 Study Site 

The current research study was conducted in cotton growing fields of four sites of southern Punjab 

namely Multan, Muzaffar Garh, Kabirwala and Khanewal. The coordinates of experimental 

locations are given in Table 1. These locations fall across banks of rivers the Ravi and the Chenab. 

Table 1.3.1: SOME PHYSICAL ATTRIBUTES OF EXPERIMENTAL SITES 

Location Coordinates Altitude Area 

Multan 30°11′52″N 71°28′11″E 129 m 3721 Km2 

Muzaffar Garh 30°18′N 71°56′E 122 m 8435 Km2 

Khanewal 30°18'N 71°55'0E 128 m 4349 Km2 

Kabirwala 30.20°N 70.43°E 112 m 4150 Km2 

 

Fig .1.3.1:  Map of Study area 

 

Multan 

Muzaffar Garh 

Kabirwala 

Khanewal 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Multan&params=30_11_52_N_71_28_11_E_region:PK_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=Khanewal&params=30_18_N_71_56_E_region:PK_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=Kabirwala&params=30.2_N_70.43_E_region:PK_type:city
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1.3.2 Study plan 

It was planned to count eggs and adults of cotton chewing pests including American bollworms 

(ABW), Pink bollworms (PBW) and Spotted bollworms (SBW) from cotton fields starting from 

sowing to harvesting after ten days interval in each month from April to October. Cotton fields 

were randomly selected for collection of data on bollworms in each location. 

1.3.3 Experimental Layout 

Randomized Complete Block design was used to carry out the experiment. Five Bt and non Bt 

varieties were randomly assigned in three blocks of 1 Kanal (20 Marlas) plot size. Nine inch raised 

beds with five feet distance in each bed were managed for the seed sowing. The width of each bed 

in each block was 2.50 ft and length were 49.4 ft.  Agronomic practices recommended by the 

Department of agriculture, Punjab, Pakistan were accomplished. 

1.3.4 Data collection 

Number of eggs and adult of ABW, PBW, and SBW were started to count when plant plumule 

erupted from the soil and leaves began to appear. Ten plots were randomly selected where cotton 

was grown in each of the four districts under study. Plants in each field were tagged at suitable 

places inside the fields. The present study was conducted to evaluate the effect of chewing pests 

like cotton bollworms (American, Pink and Spotted) on Bt cotton and non Bt cotton that are 

approved by the Government of Pakistan and is cultivated in the wide area of Multan, Punjab, 

Pakistan. For this purpose, bolls were collected from the cotton field, 10 green bolls of a given age 

from each cotton line were harvested and transported to the laboratory. Over the course of the 

study, ten bolls ranged in age from 12 to 30 days were harvested on different dates from each 

cotton line. Bolls were undisturbed for 24 hours, placed in separate plastic box and incubated for 

seven days at 27 ± 2°C, after that Pink bollworms entrance holes were observed. These bolls were 

cracked open and the number of live and dead larvae were counted. Pink bollworms mines that 

occurred in the internal carpel wall were also counted and measured.  
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1.3.5 Statistical analysis 

The data were analyzed using one-way analysis of variance (ANOVA) and means were tested for 

significant differences by LSD test using Statistix (Version 8.1) software at 5% level of 

significance. 
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1.4  RESULTS 

Population and egg count of cotton bollworms {American bollworm (ABW), Pink bollworm 

(PBW) and spotted bollworm (SBW)} are presented as follows. 

1.4.1 American bollworm population 

The three years study showed that adult count of ABW varied from April to October every year. 

The population of ABW was minimum in April and maximum in October in 2014 and 2016. While 

in 2015 the population count fluctuated abruptly and it was the maximum in September in Multan. 

The overall minimum and maximum population of adult ABW was found in 2015 and 2016, 

respectively in Multan District (Table 1.4.1). In Khanewal district, similar population trend of 

ABW was observed in 2014 i.e. minimum in April and Maximum in October. During 2015, 

maximum ABW adult count was noted in August while population remained nearly the same 

throughout the year. In 2016, population changes were again similar to 2014 i.e. minimum in April 

and maximum in October. When compared across years, the population was in order; maximum 

in 2014 followed by 2016 and 2015 (Table 1.4.7). ABW population changed from April to October 

in cotton field of Muzaffar Garh, Minimum in April and maximum in August. In October 2014 it 

reduced to one half of August’s population. During 2015, minimum and maximum ABW adult 

count was noted in April and October, respectively in this district. In 2016, minimum and 

maximum population of ABW was observed in April and September, respectively. During three 

years study maximum adult count of ABW in Muzaffar Garh was noted in 2014 followed by 2015 

and 2016, respectively (Table 1.4.13). Population changes in Kabirwala were somewhat different. 

Population of adults started increasing from April and reached to maximum in August. Again, it 

declined slightly in September and October 2014. During 2015, ABW adult counts were minimum 

and maximum during April and September correspondingly. Similar population trend of ABW 

was observed during 2016 in Kabirwala. In Kabirwala cotton fields, the minimum ABW adults 

were found during 2015 while similar maximum counts were noted during 2014 and 2016 (Table 

4.19). Adult ABW seasonal population changes during 2014, 2015 and 2016 in four districts have 

been depicted in Figures 1.4.1 to 1.4.4 for ready comparison. 

1.4.2 American bollworm egg count 

The egg counts of ABW fluctuated from start of the cotton crop to its harvesting. It was maximum 

in September and minimum during June in 2014 in Multan region. During 2015, minimum and 
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maximum eggs counts were observed in months of April and October, respectively. Minimum and 

maximum egg counts of ABW were noted in May and July during 2016 in Multan cotton fields, 

respectively (Table 1.4.4). In Khanewal district, maximum and minimum eggs of ABW were 

found during October and April in 2014, October and May during 2015 and October and April 

during 2016 respectively (Table 1.4.10). in Muzaffar Garh district, minimum and maximum egg 

count of ABW was observed in April and July during 2014, in May and August during 2015 and 

in April and September in 2016, respectively (Table 1.4.16).  Maximum and minimum egg counts 

of ABW in Kabirwala cotton field during 2014, 2015 and 2016 were observed in the months of 

August & April, October & May and September & April, respectively (Table 1.4.22). 

1.4.3 Pink bollworm population 

As far as adult counts of PBW were concerned, the highest and the lowest numbers were found in 

September and April during 2014, 2015 and 2016 in cotton fields of Multan, respectively (Table 

1.4.2). In Khanewal district, the highest and the lowest adult populations of PBW were observed 

in October and April in 2014 and 2015 correspondingly. In 2016, highest and lowest adult PBW 

were found during months of September and April, respectively (Table 1.4.8). In Muzaffar Garh 

region, highest and lowest PBW population was observed in September and April 2014, October 

and April 2015 and September and April 2016, respectively (Table 1.4.14). In Kabirwala (Table 

1.4.20) highest and lowest mean egg counts of PBW were observed in October and April 2014, 

2015 and 2016 each, respectively. 

1.4.4 Pink bollworm egg count 

Highest and lowest egg counts of PBW were noted in September and April each year in 2014, 

2015 and 2016, respectively (Table 1.4.5) in Multan region. Mean number of eggs of PBW were 

found as highest and lowest during September and April in 2014, 2015 and 2016 each year, 

respectively in Khanewal region (Table 1.4.11). Highest and lowest average egg number of PBW 

were counted in September and April 2014, September and May 2015 and October and April in 

2016, respectively in Muzaffar Garh (Table 1.4.17). The highest and lowest average counts PBW 

eggs were noted during September and April 2014, October and April 2015 and August and April 

2016, respectively (Table 1.4.23) in Kabirwala. 

1.4.5 Spotted bollworm population 

The highest and lowest adult populations of SBW were noted in Multan during October and April 
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in 2014, July and April in 2015 and September and April in 2016, respectively (Table 1.4.3). In 

Khanewal cotton fields highest and lowest adult SBW were present during September and April 

in 2014 and 2015 each, and in October and April in 2016, respectively (Table 1.4.9).  The highest 

and lowest average adult population of PBW was noted in September and April 2014, August and 

April 2015 and September and April 2016, respectively in Muzaffar Garh cotton fields (Table 

1.4.15). In Kabirwala region, the highest and lowest adult populations of SBW were found in 

September and April 2014, August and April 2015 and October and April 2016, respectively 

(Table 1.4.21).  

1.4.6 Spotted bollworm egg count 

Egg counts of SBW showed that highest and lowest figures were present in September and May 

during 2014, October and April in 2015 and September and April in 2016, respectively in Multan 

(Table 1.4.6). Highest and lowest mean numbers SBW eggs were recorded during September and 

April in 2014, September and May in 2015 and 2016 each, respectively in Khanewal area (Table 

1.4.12). Highest and lowest average egg counts of SBW were found in August and April 2014, 

August and October 2015, and August and April 2016, respectively in Muzaffar Garh (Table 

1.4.18). Highest and lowest average egg numbers of SBW were found in September and April 

2014 and 2015 each and October and April 2016, respectively in Kabirwala (Table 1.4.24). 
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Table 1.4.1: Means (±S. E) number of adult American bollworms for different periods in 

Multan 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.544E 0.0909 0.477E 0.0667 0.411E 0.0778 

May 0.921E 0.7856 10.412BCD 3.9454 2.321E 1.2341 

June 10.175BCD 2.1996 8.842CD 2.5455 1.292E 1.0414 

July 12.404BC 3.2907 9.937BCD 2.6321 3.937DE 2.3212 

August 14.713ABC 3.8268 12.247BC 3.5362 9.180CD 2.1253 

September 15.323ABC 3.9063 14.656ABC 4.3253 13.523ABC 4.1252 

October 16.328AB 2.6346 14.328ABC 4.5464 19.661A 5.6454 
Means bearing different letters are significantly different from each other 

Table 1.4.2: Means (±S. E) number of adult Pink bollworms of cotton for different periods 

in Multan  

Month 2014  2015 2016 

Mean SE Mean SE Mean SE 

April 0.759I 0.0146 0.759I 0.0646 0.759I 0.0146 

May 4.238HI 1.6145 14.305EFG 4.5040 4.171HI 1.6125 

June 7.739GH 2.3242 14.605EFG 4.5143 5.739HI 2.1243 

July 20.151BCDE 5.6441 17.417DE 4.6142 9.884EFG 3.2136 

August 20.253BCDE 5.4456 16.520DEF 5.6341 8.387GH 3.6147 

September 27.200AB 7.7147 29.934A 9.5125 19.534CDE 5.6548 

October 23.193ABCD 6.6136 25.859ABC 8.9890 13.993EFG 4.6146 
Means bearing different letters are significantly different from each other 

Table 1.4.3: Means (±S. E) number of adult Spotted bollworms of cotton for different periods 

in Multan 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.983I 0.9812 0.983I 0.9812 0.983I 0.9832 

May 2.352HI 1.6721 4.752FGH 1.6813 2.286HI 1.8631 

June 4.226FGHI 1.8732 5.559DEFGH 1.9732 2.359HI 1.8732 

July 11.344BC 4.9622 7.144CDEFG 3.9631 8.611CDEFG 3.9633 

August 15.320AB 5.6532 6.453CDEFGH 2.8642 10.987BCD 4.8622 

September 9.718CDEF 3.9732 5.318EFGH 2.6536 17.385A 5.9812 

October 10.390BCDE 4.9631 3.590G 1.9732 11.857BC 5.8743 
Means bearing different letters are significantly different from each other 

Table 1.4.4: Means (±S. E) number of eggs of American bollworms of cotton for different 

periods in Multan  

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 4.283DE 2.1472 4.217DE 2.0281 3.950E 3.3290 

May 1.033E 1.3193 4.767DE 2.3210 0.167E 0.1281 

June 0.186 E 0.1231 7.681CDE 3.3198 11.614BCDE 5.3192 

July 4.283DE 2.1472 9.147CDE 5.4810 24.216A 9.2191 

August 7.570CDE 4.3290 6.837CDE 4.2391 23.304AB 9.2280 

September 16.189ABCD 5.3381 10.855CDE 5.3280 18.455ABC 6.3281 

October 8.499 CDE 3.3192 11.684BCDE 4.4810 7.699 CDE 3.3190 
Means bearing different letters are significantly different from each other 
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Table 1.4.5: Means (±S. E) number of eggs of Pink bollworms of cotton for different periods 

in Multan 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 2.655EF 2.3243 2.655 EF 2.3243 2.655EF 2.3243 

May 2.747EF 2.1260 4.747 DEF 3.1254 2.747EF 2.1260 

June 1.472F 0.2351 5.872 DEF 4.0262 13.205BCDEF 6.1064 

July 2.197EF 2.0262 11.130BCDEF 6.3264 23.330AB 7.2362 

August 7.282CDEF 5.1363 13.482BCDEF 6.1254 23.216AB 7.1264 

September 20.179ABC 7.1354 17.779ABCD 7.2363 29.845A 7.9298 

October 16.256BCDE 9.0265 17.456ABCD 7.1264 14.522BCDEF 5.1221 
Means bearing different letters are significantly different from each other 

Table 1.4.6: Mean (±S. E) number of eggs of Spotted bollworms of cotton for different 

periods in Multan 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.505DE 0.1521 0.505DE 0.1521 0.505DE 0.1521 

May 0.432E 0.4546 4.302DE 0.4546 0.432E 0.4546 

June 2.156E 1.2322 3.977DE 1.4245 12.110BCD 5.6348 

July 2.881E 1.3241 3.985DE 1.4246 18.319ABC 6.6546 

August 3.078E 1.9543 3.189DE 1.2546 21.189AB 6.4247 

September 4.285E 2.3542 3.048DE 1.0521 27.315A 8.8546 

October 2.385E 1.4243 6.682CDE 2.6258 19.149AB 5.9647 
Means bearing different letters are significantly different from each other 

Table 1.4.7: Means (±S. E) number of adult American bollworms for different periods in 

Khanewal 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 1.124G 0.4371 1.646FG 0.4262 2.335FG 1.4272 

May 2.357FG 1.2382 2.755FG 1.2241 7.837CDEFG 3.3374 

June 2.751 FG 1.4263 3.707 EFG 1.4262 8.498CDEF 3.4382 

July 6.614EFG 2.3272 4.564EFG 3.2371 12.437CDE 5.5373 

August 22.182B 7.4271 9.824CDEF 4.4233 14.936BCD 5.4382 

September 35.637A 10.437 5.401FG 2.4142 14.207BCD 5.6371 

October 44.012A 12.527 4.521G 1.4251 16.501BC 6.4282 
Means bearing different letters are significantly different from each other 

Table 1.4.8: Means (±S. E) number of adult Pink bollworms of cotton for different periods 

in Khanewal  

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.896L 0.9523 1.319L 1.9321 2.290KL 0.9204 

May 2.215KL 1.8412 5.822JKL 3.6543 7.792JKL 2.9803 

June 8.644JKL 3.9934 6.197JKL 3.9512 13.396GHIJ 8.7321 

July 24.133CDEFG 9.8865 8.476JKL 6.3421 23.248DEFG 11.563 

August 34.946BC 12.951 12.630HIJK 7.9343 31.304BCDE 13.123 

September 41.055B 19.512 19.275GHI  10.432 33.074BCD 13.012 

October 61.252A 20.543 21.114FGH 12.433 25.112CDEF 12.512 
Means bearing different letters are significantly different from each other 
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Table 1.4.9: Means (±S. E) number of adult Spotted bollworms of cotton for different periods 

in Khanewal 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.282GH 0.0365 0.415GH 0.8162 1.716FGH 0.3365 

May 0.400H 0.3365 0.287H 0.1367 6.656CDEFG 3.4254 

June 0.902H 0.7362 1.000FGH 0.9399 7.394CDEF 3.9965 

July 5.251DEFGH 2.3467 0.890FGH 0.2366 7.832CDEF 3.4866 

August 13.020BC 9.3175 1.532EFGH 1.4362 9.283CD 4.3367 

September 22.701A 11.362 2.576FGH 1.3361 10.669CD 8.3365 

October 18.911AB 10.462 1.602FGH 0.9999 10.940CD 8.9966 
Means bearing different letters are significantly different from each other 

Table 1.4.10: Means (±S. E) number of eggs of American bollworms of cotton for different 

periods in Khanewal 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.216HI 0.2121 1.695I 1.1322 0.331HI 0.2311 

May 0.437HI 0.5325 0.815HI 0.1222 3.665FGHI 1.2132 

June 4.519FGH 2.2321 3.939FGHI 1.8543 8.026CDEFG 5.2314 

July 6.437DEFG 3.4323 3.974FGHI 1.8321 10.519BCDE 6.3164 

August 10.305BCDE 8.4231 3.185GHI 1.2134 9.303CDEFG 4.1324 

September 10.222CDE 8.3222 9.527CDEF 3.6573 16.391AB 9.2111 

October 12.627ABC 9.4321 11.063BCD 5.2314 18.596A 9.1332 
Means bearing different letters are significantly different from each other 

Table 1.4.11: Means (±S. E) number of eggs of Pink bollworms of cotton for different periods 

in Khanewal 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.007J 0.0002 0.668J 0.0003 1.198J 0.9992 

May 0.859J 0.0012 1.870J 0.9912 8.931EFGH 3.9919 

June 3.546J 0.0999 3.383J 1.9992 14.677CD 8.8912 

July 4.101GHIJ 1.9912 4.223GHIJ 4.9813 23.153B 11.912 

August 10.202EF 9.8733 8.442FGHI 3.6922 22.499B 11.999 

September 15.468B 9.9912 9.355EFG 5.7814 32.257A 14.912 

October 14.412CDE 9.9822 8.397FGHI 4.9915 23.949B 11.812 
Means bearing different letters are significantly different from each other 

Table 1.4.12: Mean (±S. E) number of eggs of Spotted bollworms of cotton for different 

periods in Khanewal 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.011F 0.0024 0.153F 0.0832 0.068F 0.0824 

May 0.420F 0.3825 0.063F 0.0024 5.847CDEF 2.9835 

June 1.017F 0.4824 0.531F 0.4826 8.542BCDE 3.4815 

July 3.162DEF 2.5631 2.046EF 1.3915 8.702BCDE 3.5924 

August 14.936AB 9.4815 5.630CDEF 2.5935 8.494BCDE 3.1814 

September 15.845A 9.8956 5.454CDEF 2.4893 9.921ABCD 3.4926 

October 10.679ABC 9.9926 2.816EF 2.5824  9.728ABCD 3.9826 
Means bearing different letters are significantly different from each other 
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Table 1.4.13: Means (±S. E) number of adult American bollworms for different periods in 

Muzaffar Garh 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.077F 0.0033 0.059F 0.0420 0.377F 0.5222 

May 2.814EF 1.5312 0.955F 0.9334 1.219F 0.6323 

June 9.013CDE 3.6442 1.161F 0.9999  0.092F 0.0002 

July 17.866B 11.320 5.294DEF 1.5300 4.151EF 2.4520 

August 26.645A 14.302 9.106CDE 3.6322 12.307BCD 8.5345 

September 25.792A 14.300 13.417BC 6.9366 12.192BCD 9.6326 

October 13.633BC 10.401 15.249BC 9.4433 11.753BCD 9.5300 
Means bearing different letters are significantly different from each other 

Table 1.4.14: Means (±S. E) number of adult Pink bollworms of cotton for different 

periods in Muzaffar Garh 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.972G 0.0074 1.570G 0.9887 1.410G 0.9773 

May 1.922FG 0.9989 2.589FG 1.5874 1.779FG 0.8934 

June 12.685DE 9.5986 13.099DE 9.6983 6.708EF 2.6873 

July 20.923BC 12.974 19.041CD 11.964 11.059E 9.5985 

August 25.092ABC 13.889 24.805ABC 12.873 18.644CD 12.874 

September 28.466A 14.975 27.706AB 13.994 19.614CD 12.986 

October 22.402ABC 11.864 29.510A 14.974 13.082DE 10.672 
Means bearing different letters are significantly different from each other 

Table 1.4.15: Means (±S. E) number of adult Spotted bollworms of cotton for different 

periods in Muzaffar Garh  

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.220EF 0.4312 0.230F 0.0125 0.802F 0.9325 

May 0.923EF 0.6124 0.298F 0.0134 0.494EF 0.7154 

June 6.740BCD 2.8346 0.783EF 0.8935      3.063DEF 1.9623 

July 10.801CD 4.4353 1.353EF 0.9346 3.509DEF 1.6674 

August 15.123AB 8.9536 2.902 DEF 1.9239 3.355DEF 1.5127 

September 18.424A 9.6324 0.751EF 0.0890 4.435DE 1.9826 

October 9.517C 7.6135 0.328EF 0.0979 2.761DEF 1.6124 
Means bearing different letters are significantly different from each other 

Table 1.4.16: Means (±S. E) number of eggs of American bollworms of cotton for different 

periods in Muzafar Garh  

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.298HIJ 0.2343 1.580J 0.3283 0.768IJ 0.5264 

May 2.225GHIJ 1.0293 0.086HIJ 0.0009 3.144FGHIJ 1.1282 

June 7.547BCDEFG 2.8634 2.172GHIJ 1.4152 9.570ABCDEF 4.4294 

July 13.847 AB 9.5284 4.068EFGHIJ 2.2453 11.778ABCD 5.1282 

August 12.185ABC 9.3183 5.827CDEFGH 3.3482 15.381A 7.2341 

September 13.810AB 8.4273 5.655DEFGHI 2.1236 13.220AB 6.1382 

October 9.756ABCDE 7.3189 3.897EFGHIJ 1.3453 11.066ABCD 4.5372 

Means bearing different letters are significantly different from each other 
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Table 1.4.17: Means (±S. E) number of eggs of Pink bollworms of cotton for different periods 

in Muzaffar Garh 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.312HI 0.0527 1.613HI 0.9425 2.080I 0.9489 

May 3.679GHI 1.2526 1.232HI 0.8523 4.470FGH 2.8926 

June 8.527CDEFG 3.1438 3.965GHI 1.5476 9.073CDEFG 7.2485 

July 7.451DEFG 3.0436 6.342EFG 2.2487 9.039CDEFG 7.8417 

August 13.075ABCD 7.2518 9.748CDEFG 3.3519 11.458BCDE 6.2339 

September 16.097AB 9.1432 18.379A 9.2458 10.413BCDEF 4.3417 

October 13.468ABCD 8.2417 13.263ABCD 9.4619 14.607ABC 6.2518 
Means bearing different letters are significantly different from each other 

Table 1.4.18: Mean (±S. E) number of eggs of Spotted bollworms of cotton for different 

periods in Muzaffar Garh 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.125GH 0.0833 0.968H 0.8743 0.595GH 0.4731 

May 2.219DEFGH 1.0734 0.592JH 0.5631 4.907CDEFG 2.7415 

June 7.364BCDE 2.9552 0.793GH 0.7732 7.256BCDEF 3.1360 

July 6.574CDEF 2.1781 1.911EFGH 1.0712 7.041BCDEF 3.2734 

August 13.568A 6.7412 2.514DEFGH 1.0831 8.811 ABC 3.3452 

September 12.789AB 7.0831 1.454FGH 0.9733 7.803ABCD 3.0732 

October 10.597ABC 7.9723 0.289GH 0.0854 8.292ABC 3.6215 
Means bearing different letters are significantly different from each other 

Table 1.4.19: Means (±S. E) number of adult American bollworms for different periods in 

Kabirwala 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 2.093G 1.0234 0.221FG 0.0584 1.766G 1.0004 

May 2.053EFG 1.0595 0.369FG 0.0895 3.900DEFG 1.0436 

June 7.009CDEF 2.1588 7.388BCDEF 3.5464 15.762AB 8.0623 

July 9.757ABCDE 4.3299 10.900ABCD 5.6588 16.004A 8.8465 

August 16.725A 8.9495 11.302ABCD 5.7631 16.461A 8.9995 

September 16.660A 8.7598 12.707ABC 5.8299 17.469A 9.0456 

October 14.107ABC 9.7486 9.559ABCDE 4.6425 16.749A 8.0495 
Means bearing different letters are significantly different from each other 

Table 1.4.20: Means (±S. E) number of adult Pink bollworms of cotton for different periods 

in Kabirwala 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 1.506H 0.0858 0.187GH 0.0008 0.948H 0.1999 

May 1.335GH 0.2858 3.472FGH 1.1862 1.788GH 0.2858 

June 11.698DEFG 5.3642 14.293DEF 6.3242 7.047EFGH 3.1389 

July 21.997CD 11.523 14.037DEF 6.2653 15.216DEF 6.2354 

August 33.710BC 16.822 21.304D 11.858 17.839DE 6.1843 

September 41.928AB 22.231 21.607D 11.958 19.330D 7.3652 

October 46.621A 23.752 22.432CD 11.999 22.187CD 10.858 
Means bearing different letters are significantly different from each other 
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Table 1.4.21: Means (±S. E) number of adult Spotted bollworms of cotton for different 

periods in Kabirwala  

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.686FH 0.5998 1.220GH 0.7942 1.023FH 0.0951 

May 2.062FGH 0.9953 2.516EFGH 0.9961 2.600EFGH 0.9999 

June 4.669DEGH 1.3241 8.304CDEF 4.6453 10.801ABCD 4.4962 

July 5.580DEFGH 1.9932 8.689BCDEF 4.7964 15.218AB 6.3852 

August 13.213ABC 8.4325 10.910ABCD 8.5853 15.957A 6.9953 

September 16.020ABC 9.8953 9.174ABCD 7.2742 16.805A 6.9999 

October 12.668EFG 8.1741 7.161CDEFG 3.3451 17.274A 6.3953 
Means bearing different letters are significantly different from each other 

Table 1.4.22: Means (±S. E) number of eggs of American bollworms of cotton for different 

periods in Kabirwala 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 1.199FG 0.9233 1.923G 0.9874 1.745FG 0.9632 

May 2.360EFG 0.9999 1.193FG 0.7436 5.483DEFG 2.9921 

June 6.305CDEF 2.9632 7.171BCDE 2.9895 12.927ABCD 5.9934 

July 6.297CDEF 2.7235 10.176ABCDE 3.8434 15.926A 6.9468 

August 12.744ABCD 5.9246 8.461ABCDE 3.9216 15.012AB 6.0401 

September 3.328EFG 1.8434 13.377ABCD 5.7632 16.084A 6.9998 

October 3.747EFG 1.9655 13.997ABC 5.9486 15.461A 6.6434 
Means bearing different letters are significantly different from each other 

Table 1.4.23: Means (±S. E) number of eggs of Pink bollworms of cotton for different periods 

in Kabirwala 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 1.644I 0.729 1.555HI 0.528 1.745I 0.099 

May 3.446GHI 1.618 2.237GHI 1.539 1.744HI 0.999 

June 9.681DEFG 3.419 8.051EFGH 2.788 5.429FGHI 2.928 

July 7.794EFGH 3.218 12.239CDEF 5.829 18.163ABC 7.028 

August 17.580ABC 6.789 14.662BCDE 6.785 18.531ABC 8.999 

September 16.685BCD 6.885 21.699AB 9.899 17.852ABC 8.522 

October 16.101BCD 6.729 25.131A 11.29 18.136ABC 8.729 
Means bearing different letters are significantly different from each other 

Table 1.4.24: Mean (±S. E) number of eggs of Spotted bollworms of cotton for different 

periods in Kabirwala 

Month 2014 2015 2016 

Mean SE Mean SE Mean SE 

April 0.529G 0.5246 0.124G 0.1732 0.757G 0.8767 

May 2.808FG 0.9765 0.369G 0.2742 2.262FG 1.5342 

June 5.096EFG 2.8643 6.337DEFG 2.5831 11.846ABCDE 3.4321 

July 5.123EFG 2.9799 8.248CDEF 2.7735 15.963AB 4.6745 

August 13.256ABCD 6.8445 10.301ABCDE 5.4722 14.869ABC 5.5316 

September 13.378ABCD 6.9762 9.284BCDEF 4.5643 15.999AB 5.8723 

October 12.682ABCD 6.0143 8.659CDEF 2.5745 17.437A 5.5424 
Means bearing different letters are significantly different from each other 
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Figure 1.4.1: Average number of adult American bollworm for 

different  periods in Multan
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Figure 1.4.2: Avergae number of adult Pink bollworm for 

different periods in Multan
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Figure 1.4.3: Avergae number of adult Spotted bollworm for 

different periods in Multan
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Figure 1.4.4: Average number of eggs of American bollworm for 

different periods in Multan
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Figure 1.4.5: Average number of eggs of Pink bollworm for 

different periods in Multan

Year2014 Year2015 Year2016

y = 4.242x - 2.8226

R² = 0.7827

0

5

10

15

20

25

30

April May June July August September October

N
o

. 
o

f 
eg

g
s 

o
f 

sp
o

tt
ed

 b
o

ll
w

o
rm

Figure 1.4.6: Average number of  eggs of Spotted bollworm for 

different periods in Multan

Year 2014 Year 2015 Year 2016
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Figure 1.4.7: Average number of adult American bollworm for 

different periods in Khanewal
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Figure 1.4.8: Average number of adult Pink bollworm for 

different periods in Khanewal
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Figure 1.4.9: Average number of adult Spotted bollworm for 

different periods in Khanewal 
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Figure 1.4.10: Average number of eggs of American bollworm for 

different periods in khanewal
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Figure 1.4.11: Average number of eggs of Pink bollworm for 

different periods in Khanewal
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Figure 1.4.12: Average number of eggs of Spotted bollworm for 

different periods in Khanewal

Year2014 Year2015 Year2016
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Figure 1.4.13: Average number of adult American bollworm for 

different periods in Muzaffar Garh
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Figure 1.4.14: Average number of adult Pink bollworm for 

different periods in Muzaffar Garh
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Figure 1.4.15: Average number of adult Spotted bollworm for 

different periods in Muzaffar Garh

Year2014 Year2015 Year2016
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Figure 1.4.16: Average number of eggs of American bollworm for 

different periods in Muzaffar  Garh
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Figure 1.4.17: Average number of eggs of Pink bollworm for 

different periods in Muzaffar Garh
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Figure 1.4.18: Average number of eggs of Spotted bollworm for 

different periods in Muzaffar Garh

Year2014 Year2015 Year2016
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Figure 1.4.19: Average number of adult American bollworm for 

different period in Kabirwala
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Figure 1.4.20: Average number of Adult Pink bollworm for 

different periods in Kabirwala

Year2014 Year2015 Year2016
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Figure 1.4.21: Average number of adult Spotted bollworm for 

different periods in Kabirwala

Year2014 Year2015 Year2016
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Figure 1.4.22: Average number of eggs of American bollworm for 

different periods in Kabirwala
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Figure 1.4.23: Average number of eggs of Pink bollworm for 

different periods in Kabirwala
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Figure 1.4.24: Average number of eggs of Spotted bollworm for 

different periods in Kabirwala

Year2014 Year2015 Year2016
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1.5  DISCUSSION 

Chewing worms are pests that cause huge economic loss to cotton crops. There are various types 

of bollworms like American bollworm, Pink bollworm and Spotted bollworms. These pests enter 

into cotton bolls, chew the fiber and spoil bolls causing great loss to this crop. Population densities 

of these insects vary with season and with growing crops. When crop is sown, moths of these 

insects visit the crop fields and lay eggs. Egg densities increase with growing crops, hatch into 

larvae, become worms and enter into bolls. So, egg and insect densities vary frequently throughout 

the phonological stages of crop. This variation in densities is related to visit of moths, laying and 

hatching of eggs and finally conversion of worms into moths. Effect of season on hatching of eggs 

could have varied these densities significantly. There might be some differences due to local 

environment and land condition. 

1.5.1 Adult bollworms population 

In southern Punjab, the climatic conditions are usually multivariegated ranging from harsh dry to 

wet dry. The weather predictions are difficult as rains are rare in some areas while others depend 

only on rains being arid for cultivation. The harsh climatic conditions supplemented with riverine 

water scarcity add to hardiness. The crops those need more water for cultivation hence wholly 

solely depend upon ground water for irrigation. Such conditions only favor certain insect pests 

who can live and flourish in harsh environments. In Multan, which is the center of southern Punjab 

in Pakistan, the weather remains dry almost all the year and summers are very long and winters of 

quite short duration. The diurnal temperature changes during summers are minor while during 

winter they are noticeable. Such weather conditions favor proliferation of different kinds of 

chewing pest of cotton in the area. So, the density of these pests increases with rising temperatures 

in Summer season and reaches its peak when summer tends to decline. The chewing pests like 

American, Pink and Spotted bollworms appear in the form of moths (a flying adult) that visit newly 

sown crop and lay eggs. These eggs hatch into larvae that ultimately turn into bollworms. The 

densities of insect and their eggs change accordingly. As the crop is sown later in February or early 

March each year in this region visiting moths can be seen in field when germination occurs. As 

plantlets grow in size eggs of these pests can be found around them. The result of present study 

provides an insight into the impact of seasonal changes on the population of adult bollworms. In 

April of every year, being start of cropping season, the density of adults is very low. It gradually 
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rises as more eggs hatch and there is more availability of food and space for the insects. Population 

density becomes the maximum usually in September and/or October but sometimes in August. 

These changes are related to season or cycling of insects and provision of suitable conditions for 

life. The count of eggs depended upon number of insects visiting the crop, laying eggs, fertility 

and hatchability of eggs, viability of eggs and eggs that have hatched into larvae. These counts 

were made thrice a month, at beginning, mid and end of each month. The variations in egg counts 

were common because the eggs hatch within a few days after being laid. The hatched eggs could 

have tended to reduce the count. Therefore, it was often observed that once count was higher and 

in the next visit it had declined. 

1.5.2  Adult chewing pests’ population in different months 

All types of bollworms (ABW, PBW, and SBW) adults had lowest and nearly same counts in April 

of every year. In 2014, ABW adult population was higher that reduced gradually in preceding 

years but highest in October 2016. This might be attributed to some climatic conditions and 

pesticide sprays which were used in April and May of each year. In 2014 ABW adults increased 

suddenly after May but then gradually decreased in next five months. In 2015 this worm population 

increased suddenly in May then declined slightly due to spray. Again, it increased from July to 

October. In April to June 2016, ABW had lower population densities that increased abruptly in 

July and became highest in September and declined in October. This depicted that September was 

the most favorable month for this worm. In case of PBW, during 2014 its population of adults 

remained lower in April to June that suddenly jumped up again and again and became highest in 

September. After September it was declined in next month. This picture presented that adults count 

varied with phonological stages of cotton. The appearance of flower and formation of bolls were 

highly correlated with pest densities as pests entered into bolls in the form of worms so called as 

bollworms. The appearance of bolls was necessary for more number of bollworms. Hence the 

densities were higher in later months of the year when bolls were to mature. In 2015 PBW adult 

population had sudden jumped in May and gradually increased in next months. The highest 

population was attained in September, and perhaps it the highest count among all insects. In 2016, 

there was gradually increase in PBW population from April to August that became highest in 

September but lower than previous years. SBW had always shown lower adult counts than ABW 

and PBW in all years. In 2014 August, July and September were more favorable months for SBW 
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adult populations during the year 2014, 2015 and 2016, respectively. April was the starting month; 

hence it was natural to have lowest population of these worms. 

1.5.3 Egg counts of pests in different months 

Egg counts of these insects (ABW, PBW, SBW) in Multan during 2014 to 2016 varied 

tremendously from April to October. Egg counts of ABW declined slightly in April to June and 

then increased swiftly and gradually becoming highest in September. This is strongly correlated 

with the adult population. In next year 2015, the egg counts were somewhat higher than in same 

months of the previous year that increased slightly becoming highest in October. A strange trend 

was seen in 2016. Egg count declined in May then sudden increased in next few months but it was 

highest in July and reduced afterwards up to October. In case of PBW, egg count increased slightly 

from April to May then decreased in June It slightly increased in July and August and became 

highest in September and decline afterwards in next month. These variations in counts are related 

to hatching of mature eggs and highly correlated to adult populations. When eggs count declined 

there was increase in larvae population and hence adults’ bollworms. In 2016, PBW had highest 

eggs count as compared to other years. Egg count suddenly increased after May and reached 

highest in September and deteriorated afterwards to hatching of eggs. SBW showed the least egg 

counts in Multan during the year 2014 and 2015. Albeit egg counts of SBW were higher in June 

to August reaching highest in September and declining in October. This worm showed 

comparatively less number of eggs as compared to others (ABW, PBW) during 2014-2015. It 

manifested that the environmental conditions would not have been suitable for this insect in 2014-

15 in Multan. 

Bollworms population changes in Khanewal during three years period showed that lowest 

populations densities of three type of bollworms (ABW, PBW, SBW) were noted in earlier part of 

the growing season (April to May) and highest in mid to later part of growing season when crop 

was ready to be harvested. These changes reflected to be associated to some extent with weather 

conditions, local climatic conditions and land. Adult population of American bollworm in this 

district remained lower from April to July but increased suddenly and rapidly in August to October 

during 2014. As some pesticide sprays had been applied in early cropping season (April- May) 

therefore population remained lower. Later part of the year seemed to be more favorable for this 

insect. In next two years populations remained smaller and nearly equal without any prominent 
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change but with pattern (lower in earlier months and higher in later months of the year). Pink 

bollworms had the highest population among all pests in first year of study i.e. 2014. April to May 

being start of cropping season, application of some pesticides, present lowest counts that rapidly 

increased from July to October and becoming highest among all pests. In next year, population 

was quite smaller and presented minor and slower increase from start to end of the year. Last year 

of the study had somewhat higher population of PBW adults than previous year 2015 in Khanewal 

region. Similarly, SBW showed lower populations of adult in the beginning of cropping season 

that gradually increased in coming months but remained lower than PBW and ABW in first year 

of study. It was quite negligible in next year. During last study year it increased but not to the large 

extent than previous year yet remained lowest in all insects. This might be due competition of 

resources and/or unfavorable environmental conditions for this pest in this district. 

Egg count of ABW in Khanewal cotton fields was lower in beginning of the crop then increased 

rapidly in preceding months of the year 2014. In 2015 the pattern of changes was different and 

sudden ups and downs were observed in different months. This might be due to hatching of eggs. 

Year 2016 showed quite a higher number of eggs of ABW from start to end of the year. Egg count 

pattern for PBW was nearly the same in early two years of study but 2016 had the highest counts 

as compared to other years and other pests. Eggs count of Spotted bollworm represented a rapidly 

increasing trend after July that was nearly comparable to ABW in first two years. In last year egg 

count remained nearly stable from start to end of the crop season but lower than other pest 

representing that some sort of adjustment or adaptation has occurred in this insect. 

Adult population for ABW was briskly rising from mid-year to the end of crop season that declined 

to some extent in October after becoming highest. In next year similar increasing trend was 

observed from start to end but this time population became highest in October. The next year 

showed amazing results where adult population although increased but not reached to the level as 

in previous years in Muzaffar Garh. Pink bollworm had highest population in first year of study 

but lower than that of ABW. It remained nearly the same in coming year but declined to negligible 

and the lowest among all three pests in last year of study i.e. 2016. Adult count of SBW showed 

similar pattern from start to end of cropping season with a bit lower population size than other 

pests in 2014. In 2015, its population was not increased to higher level throughout the year and 

remained lowest among all.  Again in 2016, SBW population was increased to a noticeable level 

showing that the insect might have developed some kind of resistance in the area. Number of eggs 
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of ABW increased rapidly from April to July. After a slight decline in August, the number again 

increased in September and then dropped again in the next month in 2014. In 2015, egg count 

remained lower with a slight increase after May up to September being the most favorable months. 

Next year, egg count showed quite rapid increase after May, becoming highest in August then 

declined gradually afterwards. Egg counts of PBW were slightly higher than ABW in similar 

months in 2014. During 2015, PBW egg count represented sudden changes and highest of all 

insects in September. In next year egg count remained higher with a gradual increase. This year 

remained more suitable for the eggs of PBW. Egg number of SBW was higher in 2014 with sudden 

ups and downs and with nearly similar pattern as for other insects. It had the least count in 2015 

throughout the year with minor changes which showed that environment was not favorable for this 

pest. Again in 2016, egg count inclined with minor fluctuations becoming highest for this pest in 

Augustan then slight declined in the next month. This higher number of eggs was associated with 

adult population converting into moths and laying of eggs on one side and hatching of eggs on the 

other side in Muzaffar Garh region. 

In Kabirwala cotton field adult population of ABW started increasing slowly but gradually after 

May and reached highest level in August. It declined slightly after September in 2014. Next year 

similar pattern with a bit lower population size was observed. In 2016, again insect adult count 

increased slightly but did become too high and remained nearly stagnant. Adult count of PBW 

showed rapid increase after May 2014 and became the highest of all pests’ population in October. 

Next year could not show profound increase in adult population. In 2016, similar changes were 

noted as in 2015 for this pest. Population size of adults SBW faced gradually small changes in 

2014 but remained lower in overall. Similar pattern of changes was observed in 2015 with a lower 

population. In 2016, adult count remained higher than previous years but could not exceed the 

highest limit as for other pests in Kabirwala. Egg counts of three types of bollworms remained 

nearly the same in three years of study except for PBW in 2015 that attained the peak among all. 

Lowest counts were found in earlier season while highest in later part of the year as natural. 

Similarly, year 2016 had somewhat higher counts as compared to other two earlier years for these 

bollworms in Kabirwala territory. Although fluctuating populations of moths of bollworm were 

present but they were active round the year (Glick and Graham, 1965; Qureshi el al., 2009; Zafar 

et al., 2013). Summer months (May-July) caused decrease but highest numbers were seen when 

nights became longer in October. The worst months for moth population were March, April when 
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there was virtually no emergence of moths (Qureshi et al., 1993; Reddy et al., 2015). Larval 

populations also presented similar pattern of fluctuations throughout the year. Some bollworms 

were higher in numbers during specific season like Pink bollworms were highest in August, at 

maturity stage of cotton (Glick and Garaham, 1965). Spotted bollworms were found in higher 

numbers during August to October (Quraishi and Ahmad, 1991; Ali et al., 2016). American boll 

worms emerged in May and reached to its maximum in September (Ragab et al., 2014). Insect 

population grows rapidly in warmer areas as compared to colder regions. Other factors like 

temperature and precipitation could enhance pest populations rapidly (Kavitam et al., 2015). Effect 

of temperature on egg development showed that temperatures/global warming might affect 

development of larvae and pupae of insects (Barteková and Praslička, 2006; Prasad and 

Bambawale, 2010; Aziz et al., 2011; Satti 2012; Akram, 2013; Kumar et al., 2016). Environmental 

changes could have influenced insect/pest populations and possess valuable correlation with these 

entities. Temperature and rainfall showed negative correlation with pests (American bollworms) 

but positive relationships with predator populations (Parajulee et al, 2006; Izumi et al., 2005; 

Pratheepa et al., 2010; Lepage et al., 2012; Pazhanisamy and Deshmukh, 2011; Ghosh et al., 2014; 

Pan et al., 2014; Kumar et al., 2016). Pink bollworms populations showed negative correlations 

with temperature and rainfall. Highest and lowest number of worms was seen in October and July 

respectively (Khan et al., 2002). According to them some seasons were more favorable for pests 

while others for predators. Monsoon favored pests, whereas winter season favored predators of 

these bollworms (Glick and Graham, 1965; Pratheepa et al., 2010; Hussain et al., 2014). Humidity, 

temperature, rainfall/precipitation are the factors putting their ample influence on pest 

reproduction and their populations (Pan et al., 2014; Reddy et al., 2015). Pest management is 

another important aspect of controlling their populations and various techniques have been 

invented and applied to establish some effective mechanism. Some of the techniques based on 

environmental changes have been explored (Wu et al., 2006; Tripathi 2008; Chen et al., 2014; 

Sharma et al., 2016; Ali et al., 2016). It was evident that environmental factors play their role 

effectively on the populations of insects throughout the year. Their effects could have been 

minutely investigated in order to get higher controls and set up effective insect control programs. 

Survival and proliferation of these pests always required optimum environment otherwise they 

would not be able to survive and propagate and their mortality is inevitable (Venette et al., 2000; 

Mironidis and Soultani, 2008). 
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CONCLUSIONS 

The chewing pests including American, Pink and Spotted bollworm are common insects of cotton 

in southern Punjab of Pakistan. The population densities vary along with seasonal changes 

becoming higher when season is hot, wet and nights become longer than days. Earlier sprays could 

have influenced the pest populations but they showed rapidly increasing trend afterwards. Control 

measures could be adopted paralleling the season changes to reduce the population densities to a 

minimum level. Egg counts of these bollworms depend upon the moths visiting the crops and 

hatchability of eggs. Destroying the eggs could be a valuable tool for minimizing the population 

of these pests and saving economically important crops.  
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ABSTRACT 

The current research study was performed to investigate the influence of Bt and Non Bt cotton 

verities of various chewing pests commonly found on cotton in Southern Punjab. For this purpose, 

five cotton verities (NIAB Non-Bt and four Bt varieties namely IUB-33, MNH-988, Lalazar and 

Sitara) sown in four districts (Multan, Khanewal, Muzaffar Garh and Kabirwala) were surveyed 

and data on different pests (American, Pink and Spotted bollworms) were collected. It was found 

that NIAB Non-Bt always born the highest number of chewing worms and their eggs as compared 

to Bt varieties. Non-Bt cotton variety could not show enough resistance against worms while all 

Bt cotton varieties had shown sufficient resistance against chewing bollworms of cotton as 

indicated by the presence of lesser number of adults and eggs of three types of bollworms on these 

varieties under climatic conditions of Southern Punjab in Pakistan. It is therefore, suggested to 

promote Bt cotton varieties to reduce economic losses to cotton farmers as Bt cotton varieties 

possess greater resistance against pests specifically chewing bollworms. 

Keywords: Bt and Non Bt cotton, chewing worms, pest resistance, Southern Punjab 
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2.1 INTRODUCTION 

Pests are commonly found agents that cause great damage to cotton. Among many insect pests 

chewing worms play major role. The Bt cotton varieties have been developed that contain genetic 

resistance against different insects’ pests. Transgenic cotton Bacillus thuringiensis Berliner (Bt) 

has genes coding for toxins providing resistance to lepidopteran borers was first approved for 

commercial cultivation by the Genetic Engineering Approval Committee, Ministry of 

Environment and Forests. Since the commercialization of Bt cotton, the number of events along 

with Bt cotton genotypes and marketing firms have all increased significantly. So far, six transgene 

events, MON 531 (cry1Ac), Event 1 (modified cry1Ac), GFM event (fusion cry1Ab/cry1Ac), 

BNLA-601 (cry1Ac), MLS-9124 (cry1C) and MON 15985 (cry1Ac and cry2Ab) have been 

approved (Choudhary and Gaur, 2011). The importance of Bt cotton can never be neglected in 

world. Increased cotton yields have been obtained due to improved practices, greater experience 

with biotic varieties and availability of higher quality inputs (Ahmad and Perwin, 1970). Irrigation 

sources and availability are main requirements. Lack of irrigation is increasingly becoming a major 

concern and had affected cotton production markedly. The main varieties planted in Pakistan are 

CIM-496 in Punjab, NIAB-78 and CRIS-134 in Sindh. Four new Bt (Bacillus thuringiensis) 

varieties FH-114, CIM-598, SITARA-009, and A-one while four new non-Bt varieties BH-167, 

MIAD-852, CIM-573 and SLH-317 were approved for general cultivation (GOP, 2010). Farmers 

in Pakistan have been growing cotton that contained the first generation of Bt gene since 2002. 

The cultivation of these varieties, although formally unapproved and unregulated, increased 

rapidly after 2005. In 2007, nearly 60 percent of the cotton area was under Bt varieties (Nazli et 

al., 2010). The impact of Bt cotton on costs of production and yield showed that overall cost of 

production was slightly increased with a decrease in pest control cost (Nazli et al., 2010). Various 

types of pests that attack cotton include bollworms (American, Pink, & Spotted), and sucking pests 

like jassids, whitefly, thrips and other aphids on both Bt and Non Bt cotton varieties. No serious 

incidence of cotton leaf curl virus disease was reported in Bt cotton varieties. Heat stress in cotton 

crop was also recorded in different regions. American, Pink and Spotted bollworm were found 

active from July to October but severe attack was observed during September. American bollworm 

remained in the field after spray for limited time period. It was noted that newly hatched 

Helicoverpa Armigera died when they eat leaves of the Bt cotton plants; no larvae reached to pupal 

stage while in non Bt it has developed into pupa. There is significant decrease in number of sprays 

for Bt cotton varieties as compared to Non-Bt (4–5 vs 6–9); most of chemicals application are used 
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to control sucking pests; however, in case chewing pests spray was required to control American 

bollworm. Although Bt cotton plays significant role to control bollworms but partial foliar 

insecticide sprays are required to control other bollworms that cause excessive damage in Bt fields 

(Kang and Frasat, 2010). In recent years, Bt cotton has been widely planted for selectively 

combating cotton bollworm, Helicoverpa armigera, pink bollworm, Pectinophora gossypiella, 

and other lepidopteran pest species. As a result of reduced insecticide sprays, increased abundance 

of natural enemies in Bt cotton fields efficiently prevents outbreaks of other pests such as cotton 

aphids. In contrast, populations of mirid plant bugs have increased dramatically due to a reduction 

in the number of foliar insecticide applications for control of the bollworms in Bt cotton, and now 

pose a key problem in cotton production (Luo et al., 2014). Limited studies have been conducted 

on the ecological impacts of transgenic insect-resistant cotton, especially for transgenic double 

genes (Bt+CpTI) cotton, in this region. The potential effects of transgenic Bt+CpTI cotton on the 

seasonal abundance of non-target pests and predators were assessed from 2009 to 2011 in Korla, 

Xinjiang. The species composition and seasonal abundance of five groups of pests and five groups 

of predators were similar for transgenic Bt+CpTI cotton and non-transgenic cotton every year. It 

was concluded that transgenic Bt+CpTI cotton did not affect the population dynamics of non-target 

pests and predators on this crop in Xinjiang (Romeis et al., 2006). Biosafety is a key issue that 

must be addressed before introducing GM (Genetically modified) crops in an ecosystem, and 

sustainability is a part of biosafety for insect-resistant GM crops. Many researchers are concerned 

that, without a suitable crop management strategy specifically tailored to the farming system, 

cotton bollworms might quickly become resistant to Bt toxins. Modelling based on results obtained 

on the heritability of resistance and on the role of natural and cultivated host plants in the dynamics 

of bollworm populations is a tool that has already been used to develop such a strategy in diverse 

situations (Caprio, 2004; Gould, 1998; Ru et al., 2002; Vacher et al., 2003). Another way to delay 

resistance is to insert a second toxin in addition to the first one (Cry1Ac) in the cotton genome. 

This gene pyramiding strategy (dual-gene Bt Cotton) could possibly delay resistance provided the 

modes of action of these toxins differ (Carrie`re et al., 2001; Estela et al., 2004). The pink 

bollworm infestation is negatively correlated with abiotic factors like Temperature (oC), relative 

humidity (%) and rains fall (mm) in both nectarid and nectar less cotton. However, nectar less 

cotton was less attacked as compared to nectarid cotton varieties. High level of Pink bollworm 

infestation was observed during October, when the infestation level on nectarid cotton was 

16.07%. 8.99% and 11.43% on flowers, squares and green bolls, respectively at temperature range 
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from 28.31-30.08 OC and humidity ranges from 46.91-53.50% with no rainfall during October 

(Khan et al., 2002). 

Aims and objectives 

It is well known that insects/pests of cotton crops are controlled by means of different strategies: 

as by using insecticide for the sucking pests, Bt cotton for chewing pests. The effects of varieties 

Bt and Non-Bt and time period along with environmental factors under local environmental 

condition of Southern Punjab could provide valuable clue to improving yield and effective control 

of incest pests of cotton in the area. Keeping in view the importance of the transgenic plant and 

the resistance produced by chewing pests, the present study is planned to achieve following 

objectives:  

• To study effect of Bt and Non-Bt cotton varieties on insect pests and their resistance in four 

districts 

• To study the population dynamics of cotton pests of different cotton varieties in Southern 

Punjab 
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2.2  LITERATURE REVIEW 

Now a days genetically engineered organism has become of utmost importance as well. They are 

becoming more and more promising factors in agriculture production for higher yields along with 

resistance to pests and diseases. Their trials have become necessary on wider parts of diverse type 

of lands and environmental conditions. Scientists all over the world have put great efforts in this 

regard to provide performance of such organisms in diverse environments. This chapter presents 

review of such efforts about Bt cotton in different countries. Endotoxin produced by Bt gene 

affected the feeding of H. Virescense larvae by 18% while 60% increase in other cotton which are 

without Bt gene. Survival of larvae was also <2% for all genetically modified cotton. While 

damage of flower buds and bolls were 2-6% compared with the non-transgenic cotton i.e. 54-55%. 

Researchers concluded that genetically modified cotton has a great capability to suppress the 

number of larvae and reduced the damage from H. virescense and H. Zea (Benedict et al., 1993). 

Effect of toxin resistance was studied and larvae of chewing pest were fed on artificial diet and 

toxin of 5g per milliliter. Out of 583 individuals only one showed resistance to Cry1AC gene. 

Whereas only one individual out of 646, have a resistance against Cry2Aa. Researchers reported 

that the allele frequency determines evolutionary resistance in H. Zea to toxin produced by Bt 

cotton (Burd et al., 2003). ELISA test used for the larvae of Heliothes virescens, Helicoverpa zea 

and Spodoptera frugiperda by Greenplate et al. (2003) They concluded that toxin level in the 

tissues of these larvae was not statistically different (p>0.05). Resistance to toxins produced by 

Cry1Ac by Helicoverpa armigera was investigated by Li et al. (2004). For this purpose, 

researchers used bioassay of F1 and F2 young ones. They concluded that there was little bit change 

in non-recessive resistance gene and resistant to bollworm larvae against the gene increased after 

every year. They also summarized that if there is no proper management against the resistance of 

H. Armigera, the level of resistance increases to high ratio. Effect of pyrethroid on H. armigera 

has been reported by Martin et al. (2000) as the year passes, the larvae become more tolerant to 

pyrethroid but the use of cypermethrin was very effective for larval instar and also concluded that 

effect decreases in upcoming instars. Presence of LD50 shows that resistance against chemical 

increases. Some metabolic resistance was also found during the bioassays. Tabashnik et al. (2003) 

examined the resistance of different strains of bollworms on Bt and Non-Bt cotton. These tests 

were performed in laboratory and green house. They proposed that survival of pests was probably 

due to non-transgenic host plants, recessive genes which are inherited recessively. Bt crops are 

very much beneficial against the chewing pests but disadvantage is, resistance produced by the 
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pests against the toxin. Level of toxin produced by different parts of transgenic cotton was 

examined by Kranthi et al. (2005). They found that amount of toxin varies not only between 

hybrids but it is differing in various parts of the plant as well. Leaves are the richest part for 

production of the Bt toxin and squares, bolls and flowers are after that, while the boll-rind, bud 

square and ovary were not having too much production of toxin, this might be the reason for the 

survival of the H. armigera. They also reported that the production of toxin decreased as the age 

of plant increases. H. armigera has been controlled by Bt cotton that contain a gene which is having 

an ability to produce toxin. Use of pesticide is continuously reduced by using cotton containing Bt 

gene, as a result, population of beneficial insects are increased, which help in biological control of 

the insect’s pest of the cotton. Researchers concluded, that small area farm have an important role 

in delaying bollworm resistance (Wu and Guo, 2005). Bt gene produced toxic protein which is 

resistance to the bollworms larvae. Researchers revealed that there was different expression level 

of resistance in case of Bt cotton. They feed larvae with leaves of Bt cotton plant when there are 

very little number of leaves at this time larval mortality is 100%, indicates that at this time, plant 

toxin is maximum, later on larval mortality decreases (Tianzhen and Canming, 2000). Genetically 

modified crop produced toxin that is having damaging capability for bollworms. Gene Cry1Ac 

was introduced for the first time in the cotton and seed is called as first generation of genetically 

modified cotton. This cotton seed is highly effective against larvae of pink bollworm. As the time 

goes on second gene is introduced in cotton seed i.e. Cry2Ab because chewing pests develop 

resistance against first generation. Researchers performed an experiment on pink bollworm in 

green house. They found equally resistance of pink bollworm on non-Bt cotton and first generation 

of Bt cotton. While at the same time they found that second generation cotton has severe toxins on 

which no larvae is survived (Tabashnik et al., 2002). Three strains of pink bollworms were 

examined by Carrier et al. (2004), they formed two groups of pink bollworms one is susceptible 

population and other is resistant population and fed them with artificial diet containing gossypol 

and without it. As a result of the toxicity of the chemicals all individuals are died that means they 

lost the ability to detoxify the chemical. Fitness costs were raised due to chemical gossypol. Survey 

was conducted in China, India and South Africa (Glover, 2010). He explained that the production 

of insecticidal toxin by the Bt crop has been too much changeable. According to him demerits of 

Bt crops had been noticed and publicly a sound policy had to be made to overcome the problems 

regarding Bt crops. Resistance against insecticide by the bollworms was studied by Kranthi et al. 

(2005), they investigated major harmful insects’ pests of cotton and claimed that H. armigera and 



 
57 

 

Spodpotera litura has clear cut resistance against the well-known insecticide i.e. cypermethrin, 

while endosilfan, chlorpyriphos had less to medium resistance by H. armigera, and the opposite 

result was recorded for pink bollworm. Qaim et al. (2003) explored that genetically engineered 

cotton also called as Bt cotton produced a toxin which are harmful for the bollworm and reduced 

the number of harmful chewing pests results into the production of good quality and better yield 

of cotton. However small farmers cannot use the new technology. While there is production of 

some resistance in the bollworms against the Bt cotton as well.  Biotechnology is playing a vital 

role not only in the field of biology but in all fields of life. In case of biology, use of Bt gene is one 

of the best examples, originally this gene is found in soil dwelling bacteria which produced a toxin 

that was responsible not only, to stunt the growth of the bollworms but also kill the bollworms. 

Researcher concluded that the technology might be premature because of the reason, resistance 

might be developed by the bollworms, against the gene (Maagd et al., 1999). Tabashnik et al. 

(2008) probed that bollworms develop resistance against the toxin produced by Bt gene is a real 

threat. Refuge strategy is used to delay insect resistance, by which non Bt crops are cultivate near 

the Bt crops, so that survival of susceptible pests is promoted, but this technique can create a 

problem on large scale. Helicoverpa Zea produced resistance against the Bt crops, but this does 

not mean the failure of Cry1Ac gene. They concluded that resistance might be delayed by using 

refugees. Resistance produced by the cotton pests against the insecticidal protein will minimize 

the effectiveness of the Bt crop. Researchers evaluated the factors affecting the resistance of insects 

to the Bt gene. They concluded that inheritance of evaluation and resistance frequency was very 

useful for declaration of resistance among the pests against the transgenic cotton (Tabashnik et al., 

2013). Bt toxin and Bt efficacy was determined by Martins et al. (2008), they studied Bt cotton 

under stress and placed plant in a moderate supply of water and then fed larvae on these leaves, 

they found higher level of toxin and more effective against larvae. After that they exposed bolls, 

flowering plant to 60 days of moderate water deficit.  This had not any efficacy on larvae of cotton 

bollworm. Resistance in cotton against pests has been produced by genetic engineering. Cry1AC 

gene in the Bt cotton has a high level of resistance against different chewing pest. To determine 

the evolution of early Bt resistance in the field is very much difficult. The finding of the researchers 

enables DNA screening for resistance and the detection of recessive allele (Gahan et al., 2001). 

Helicoverpa Zea and H. Virescnes were susceptible for Cry1Ac or not, for this purpose seven 

crossed, five laboratories and from field ten populations were studied via diet control with MPVII. 

Result showed that the susceptibility ratio of laboratory and field was same, no change were 
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observed. While Non Bt were more affected than the Bt crops (Ali et al. 2006). Survival level for 

fall army worm in laboratory was low when it was fed with leaves that contained Cry1Ac and 

Cry1F protein. While in fields all army worms level in squares, flowers and bolls were 

impressively low in Cry1F containing cotton. As a result, the cotton containing Cry1F is an 

important factor in managing chewing worms (Siebert et al., 2008).  

Cao et al. (2010) evaluated the effect of insecticide chlorantraniliprole on Cry1Ac gene and H. 

Armigera. Results indicated that Cry1Ac resistance ratio 21.8, 95.8, and 35, 36.5-fold in XJ-F, XJ-

10.0 and BTR respectively, and it was suggested that chlorantraniliprole along with Bt cotton 

delayed the resistance in H. Armigera. Transgenic cotton produced Bt toxin i.e. Cry1Ac and 

Cry2AB. Brevault et al. (2013) proposed that concentration of CRY1Ac and Cry2Ab was going 

to be minimized during the growing season. They worked on eight species of lepidopteran pests 

and concluded that some cross resistance occurs between Cry1Ac and Cry2Ab. Bollworms 

produced against the Bt cotton i.e. Bollgard and Bollgard II. Bioassay result of laboratory indicates 

that resistance against Cry2Ab gene increased from 0% -5% in 2005, while in 2006 the mortality 

of bollworm <50%. Bt crops had been damaged by chewing pests. Researchers showed systematic 

analysis in which susceptibility of pests to Bt crops (Tabashnik and Carriere, 2010). Wu (2007) 

explained that Bt cotton is used to control the bollworms. While mixed planting system and small 

farm were the reason for delaying the resistance to transgenic cotton. Results showed that in field 

H. armegira is still affected by Cry1Ac gene. Cry1Ac along with Cry2Ab dual endotoxin 

producing genes show more drastic effect as compared to single gene. Researchers noted that both 

the genes not only reduced the growth of bollworms but also very much effective against fall army 

worm, and beet army worm. Further they suggested transgenic cotton is very much effective 

against all types of bollworms (Stewart et al., 2001). Experiment conducted by the researcher on 

transgenic cotton proposed that transgenic cotton minimize the population density of bollworms, 

and cotton leaf roller, as compared to those cotton varieties which are not having Bt gene. In 

transgenic cotton sound bolls are produced, yield and fluff quality were also very high. Bt cotton 

is of two types one contains Cry1Ac gene and is also called as Bollgard while the other one is 

having two gene i.e. Cry1Ac and Cry2AB also called as Bollgard II (Hema et al., 2009). Simmon 

et al. (2000) studied the effect of Cry1Ac on Pink bollworm for this purpose they investigated Bt 

and Non Bt cotton and put forth their result that field populations were more effected by Cry1Ac. 

While in some areas survival of larvae was also reported on Bt cotton. Formerly one strain of Pink 

bollworm was said to be resistant to Cry1Ac, now in this study it is confirmed that this strain is 



 
59 

 

less affected by toxin produced by Bt gene. Carrier et al., (2001) studied the evolution of resistance 

of Pink bollworm; they concluded that resistance frequency was not associated with the period of 

dormancy or emergence after the dormancy. Resistant strains have 71% low emergence as 

compared to heterogeneous strain. Overwintering cost remained more recessive. Liu et al. (2001) 

investigated the harmful effect of toxin produced by Cry1Ac on survival of two strains of pink 

bollworm i.e. susceptible strain and resistant strain. They feed the two strain larvae with artificial 

diet contain Cry1Ac, in green house survival of resistant larvae was 46% on Bt cotton. While all 

susceptible larvae were killed by Bt cotton. F1 individual was also not survived on Bt cotton, 

indicated that resistance is a recessive inheritance.  Pink bollworm very harmful pest of cotton 

crop contains three alleles which are formed as a result of mutation in wild type gene, studied by 

Morin et al. (2003). These genes are responsible for the resistance in case of pink bollworm, 

however DNA based resistance allele screening i.e. heterozygote is very much active as compared 

to resistant homozygote. They also reported that larvae which are having two resistance alleles 

show resistance and concluded that these genes are major source of resistance in case of Pink 

bollworm. Sivasuparmaniam et al. (2008) noted the effect of toxin produced by Bollgard and 

Bollgard II on different chewing pests of cotton crop. They reported that Heliothes virescens, pink 

bollworm; American worm was most susceptible to Cry1AC, and least toxicity against Spodoptera 

exigua, Spodoptera frugiperda. Cry2Ab was more devastated to P. gossypiella and least toxic to 

S. frugiperda. Recent study also indicated that level of toxin produced by different parts of the 

plant is also different like as upper leaves are having great tendency to produces toxin, then larger 

leaves, bracts and the least toxin level is produced by calyx. Further they concluded that the study 

helps in scouting and resistance management of Bt cotton regarding different chewing pests of 

cotton. Pink bollworm is a key pest that produced resistance against Bt cotton. Usefulness of Bt 

cotton result in the large cultivation area of such type but drawback was that, bollworms produced 

resistance against Bt gene. Researchers concluded that resistance produced by pink bollworm 

might be due to use of non Bt cotton, recessive resistance inheritance (Tabashnik et al., 2005). 

Pink bollworm has three resistant alleles i.e. r1, r2 and r3 which are responsible for the resistance. 

Researchers used two strains of pink bollworm; each group is having susceptible and resistance 

organism. PCR test was used for bollworms of two different strains. They concluded that all 

organisms which survive on Bt cotton had two r alleles indicates that such type of genes are tightly 

related to resistance of bollworm against the Bt cotton. They also suggested that incomplete 

resistance was also increased the time of development, low survival and weight of pupa is very 
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small (Carrière et al., 2006). Tabashnik et al. (2002) examined the pink bollworm which produced 

300-time resistance. They used to test young ones formed as a result of different crosses, so that 

to know the resistance inheritance formed by different strain of pink bollworm. When they cross 

resistant male with female which is susceptible and analyzed the result then they found that 

inheritance is autosomal. They concluded that resistance was recessive, the analysis of back cross 

show that resistant controlling gene is having more than on locus. Genetically modified plants 

having an ability to produce insecticidal toxin, but the wide use of such seeds may result into the 

development of resistance in insects, an investigation put forward by Batesal et al. (2005). They 

concluded that insects got several years to attain resistance against Bt crop. There must be 

productive plan to get benefit from Bt crops.  Transgenic cotton produced toxin while the extensive 

use of cotton may produce resistance in cotton bollworms. This study was conducted by Zhang et 

al. (2011) to know the production of resistance against the bollgard that contain Cry1Ac gene. 

They had done laboratory bioassay and result shows that resistance developed in bollworms was 

higher against the gene, while the cotton which contains two genes i.e. Cry1Ac and Cry2Ab was 

very much effective against the bollgard II. Cry1Ac level in the soil sample, where Bt cotton is 

farmed was collected by Head et al. (2002) for this they used two techniques i.e. Enzyme linked 

immune-sorbent assay and Bioassays. Both the techniques show that there was no Cry1Ac protein 

found in any of the soil sample. Liu et al. (2005) evaluated the effect of cry1Ac gene and CPTI 

gene on cotton bollworm i.e. H. Armigera, they fed the larvae with diet containing Bt transgenic 

powder. They concluded that after feeding with Bt diet, growth of larvae is reduced, development 

was very slow and pupal, adult weight reduced compared with the Non Bt treatment. Gabor et al. 

(2009) examined the role of Cry1Ac on the predators of cotton bollworm; they observed that Cry 

toxin playing some effect on natural enemy of worm. Green lace wing, the predator of caterpillar, 

effected by cry1Ac gene. They summarized their finding that still it is very difficult that Bt cotton 

affects predators. Survival of larva and development of caterpillar of spotted boll worm on three 

different species of cotton was examined by Sharma et al. (1982) they explained that significant 

difference in survival of larvae was seen in three types of cotton and demonstrated the mechanism 

by which larvae enter into bolls. They reported that larvae get entry through thallus region because 

quantity of natural inhibitor i.e. gossypol and tannin is high in bolls. They concluded that gossypol 

and tannins showed negative effect on Spotted bollworm. Researchers used to analyze the Spotted 

bollworm survival on the Bt cotton which contain Cry1Ac gene and produced a special type of 

toxin. They found that all spotted bollworm was highly affected by Cry1Ac toxin. They concluded 
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that toxin is very effective not only for larvae but also very much effective against the neonate 

even if it is present in very minute quantity in the plant (Kranthi et al., 2000). Researchers used to 

find the survival of larvae of army worm and fall army worm on the cotton containing Cry1Ac. 

Quantification assay i.e. ELISA technique was used to measure the endotoxin level in two varieties 

of cotton that contain Cry1Ac gene. They found that different parts of plant have different level of 

endotoxin produced by Cry1Ac. Due to this population dynamics of larvae also vary in different 

parts of plant as well as the different parts of the season as well (Adamczyk et al., 2001). Efficacy 

of transgenic cotton bollgard II that contains two genetically engineered gene i.e. Cry1Ac and 

Cry2Ab against the different bollworms was studied by Chitkowski et al. (2003). Although 

bollgard was not effective against different pests but Bollgard II produced very effective result 

against the different pest especially army worm, pink bollworm, and spotted bollworm. Bioassay 

also indicated that mortality of worms on bollgard II is high as compared to bollgard. Furthermore, 

they concluded that bollgard II containing dual toxin gene is very much effective against the 

harmful pests. Genetically modified cotton yielded crystalline protein as the seed contain a special 

gene i.e. Cry1Ac that is used to be very helpful for controlling the chewing pests of cotton. They 

demonstrated that how this gene was working so that best use of BT crops for a very long time 

must be ensured Bravo and Sobero (2008). Expression of cry1Ac gene on different types of pests 

and natural enemies were assessed by Men et al. (2003), for this purpose they had four treatments 

i.e. transgenic cotton field with or without insecticide spray, other two were non-transgenic cotton 

field with or without use of insecticide. They concluded that Bt cotton enhanced the different 

arthropod population, while natural enemy diversity was decreased. Major aspect of transgenic 

plants was prevention of developing resistance to insects. There are two types of Bt cotton one is 

having single gene i.e. Cry1Ac called as bollgard and other contain two genes i.e. Cry1Ac and 

Cry2Ab also called as bollgard II. Insects have potential to developed resistance against bollgard 

as compared to bollgard II. Researchers performed an experiment in green house and used diamond 

back moth. They were fed on both Bt cotton types after successive 24 generations they found that 

moths which were fed on bollgard develop resistance against it while other did not develop 

resistance (Zhao et al. 2003). Resistance evolved by the insects was a major threat against the 

transgenic cotton which is having a Bt gene that produced a special type of toxins. About 

Helicoverpa armigera, it had been reported that increased frequency of resistance to Bt toxin 

Cry1Ac was observed. Two strains of H armigera was detected, it was found through bioassay 

that the two strains had 460-1200 resistance against Cry1Ac. Both of these strains had dominant 
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resistance and it was very difficult to suppress (Jin et al., 2013). Li et al. (2004) explored the 

resistance developed by cotton bollworm especially Helicoverpa armigera. They collected female 

moth from the field and allowed to lay eggs, eggs hatched into larvae and fed them on normal 

artificial diet and cry 1Ac toxin containing food. Bioassay indicated one resistant individual out of 

234. Their result indicated that the resistant gene is found in the resistant individual. Cry1Ac gene 

produced toxin which is harmful for the larvae of bollworms. The effect of Cry1Ac gene along 

with HaCPV (Chinese strain) on the larvae of H. armigera was studied by Marzban et al. (2009), 

when the larvae were fed by the Cry1Ac and HaCPV then the mortality increased. Moreover, a 

combination of both these chemicals has an additive effect on the larvae, pupal weight and 

pupation decreased. Olsen and Daly (2000) examined those Cry1Ac gene produced toxins which 

were not so much effective against the first larval instar of H. armigera. They developed three 

techniques to test this (I) leaf slush, (II) leaves disk and (III) diet incorporation. Toxin produced 

by Cry1Ac was less toxic when this protein was mixed with fruit and then of non Bt cotton. Further 

they concluded that toxin produced by plant was also referred with the parts of plant as well. 

Bollgard has only one gene i.e. Cry1Ac while bollgard II contain two genes Cry 1Ac and Cry2Ab 

while some cotton bollworm produced resistance against these toxins produced by these genes. 

Researchers used toxin produced from Cry1Ac and bollgard II cotton and fed the larvae, bioassay 

of the larvae shows that larvae of H. armigera develop 1000-fold cross resistance against Cry1Ac 

while for other type of transgenic cotton 6.8-fold resistance was developed. IPM technique was 

used to delay the resistance of cotton bollworms against the Bt cotton (Wei et al. 2015). Interaction 

between Cry1Ac gene and bollworms was studied by Ma et al. (2008). They analyzed that cry1Ac 

is not only toxic to bollworms larvae, but also affected the pupation and weight of the pupa. In this 

study the comparison of conventional type of cotton, bollgard and bollgard II regarding the 

squares, bolls, and larval damage to bolls. The conventional type was sprayed with pyrethyroid. 

Results showed lesser infestation of larvae, boll and square damage were less in conventional type 

on bollgard. Researchers found that bollgard II had significantly higher yield than the conventional 

cotton type (Jackson et al., 2003). Role of polyphenyle oxidases (enzyme originated from tomato) 

against the cotton bollworm was studied by the researcher. For this purpose, they used two lines 

i.e. overexpressing polyphenyle oxidases and suppressed Polyphenyle oxidases. At the end when 

they allowed to feed larvae on both foliage, they found that larvae which feed on suppressed 

polyphenyle oxidases gained weight and increased consumption of foliage as compared to other 

line, which indicated that polyphenyle oxidases have some role in resistance to bollworms of 
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cotton (Bhonwong et al., 2009). Usage of Bt cotton has some ecological effects as well such as 

development of resistance, the damage to beneficial insects and the changes in pest status due to 

alternate pattern of usage of pesticide (Fitt et al., 1994). Comparative study of the production of 

bollworm and damages of bolls were studied by Jackson et al. (2004). They demonstrated that 

bollgard and bollgard II reduced the sustainability of bollworms than the conventional variety. 

Furthermore, if pyrethyroid sprays were used to bollgard II, they produced more resistance against 

the bollworms. Ravi et al. (2005) examined the considerable abundance of H. armigera on 

different crops. Eggs and larvae of the bollworms were supported by different host crops. Number 

of eggs of bollworms was also higher in sunflower and tomato than the Bt cotton but the number 

of larvae was not significantly higher in all crops. Researchers also concluded that many host crops 

supported the number of eggs and larvae of H. armegira.  Larvae of H. armegira were fed on 

various host plants like as legumes, vegetable, flowers and cereals. Researchers concluded that 

larvae which fed on protein and carbohydrate rich diet developed higher mass and rapid growth as 

compared to those which were fed on low carbohydrate and protein diet. As a result of low energy 

diet given to the larvae, mortality rate also increased to 25-35% (Serat et al., 2012). Population 

density of  H. armigera were examined in Bt cotton, corn, peanut and soybean and the difference 

of larvae development in Bt and Non Bt cotton by Wu et al. (2002). They also studied the mating 

potential from Bt crop and different crop fields. They concluded that corn provides a safe place 

for the last generations of H. armigera. While in cotton soybean integrated system, soybean 

provides a best place for development of larvae. Egg densities and survival of Lepidopteran larvae 

were observed by Wu et al. (2003). They concluded that there is not any significant difference in 

egg production between one Bt and three non Bt varieties, while survival of larvae in Bt cotton is 

highly reduced as compared to non Bt cotton. Use of Bt cotton reduced pesticide application. 

Population analysis of H. armigera had been done by Wu et al. (2008). They proposed that as Bt 

cotton produced toxin against the bollworms so this is cultivated in wide area of China. They also 

suggested that H. armigera is not only controlled by Bt cotton but all types of bollworms are 

controlled and the use of insecticide is also decreased. Resistance against Bt toxin is being 

developed in insects (Zhang et al., 2012) that resulted in more and more use of newer insecticides. 

It is reported that several pests have developed resistance against Bt crops, but the information 

about gene resistant to Bt crop is very confined. Working on H. armigera, they concluded that it 

had undergone recessive mutation. In field population, recessive alleles were 75-84% of resistance 

alleles. While 59-94% individual have non-recessive resistance allele.  Resistance strains of 
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Helicoverpa armigera were evaluated by Bird and Akhurst (2004). They concluded that larvae of 

H. armigera fed on early Bt cotton plant has shown delayed resistance as compared to Non-

transgenic cotton. But artificial diet did not show such type of results. Mortality of larvae occurred 

in first and second larval instar. Researcher evaluated effect of H. armigera of fifteen weeks age 

on cotton plants, they arranged glass house experiment for this purpose. Three types of insect types 

were examined on non Bt plant and Bt plant. As the previous studies indicated that as the age 

passed the concentration of toxin was reduced. In this study it is 75% lower than 4th week of plant. 

Adult survival on Bt cotton was 62% for resistant and 39% for F1. Further researcher concluded 

that fitness costs are recessive (Bird and Akhurst, 2005). Bt cotton is imposing a vital role in the 

management of H. armigera, evaluated by Wu et al. (2005). As the Bt cotton produced toxin 

against the bollworm, so due to this usage of insecticide is minimized during every passing year 

from 2001 to 2005. Further it is concluded that Bt cotton is having a vital role in impressive 

management of H. armigera. Protein and carbohydrate regulation for insect was performed by 

Deans et al. (2015) for these larvae was fed by two different diet by the researcher, one type of 

diet contained carbohydrate only and other diet contained only protein. Larvae used diet protein to 

carbohydrate ratio 4:1. They suggested that if we have an accurate protein and carbohydrate 

information about insect, then we can come to know the feeding habit of insect in the field. Effect 

of bollgard and bollgard II on natural enemy of the bollworm was investigated by Moar et al. 

(2000). They proposed that by cultivating the bollgard, the use of pesticide on cotton is reduced as 

a result of less sprayed insecticide the number of natural enemies like lacewing increases, which 

additionally reduce the number of bollworms because these enemies parasitize them. Bt crops were 

highly resistive against the bollworm like European corn borer, southwestern corn borer, cotton 

bollworm. Highly used of these Bt crops illustrate that these Bt crops are highly advantageous to 

the farmers. Researchers estimated that by using Bt cotton, grower saved 92 million $ in 1998, 

clearly indication of beneficial use of Bt cotton seed. Continuously testing of these toxins produced 

by Bt cotton shows that toxin is not having any bad impact on the human, animal and the 

environment. Due to this reason Bt seed is not having any harm to the environment and is widely 

used throughout the world (Betz et al., 2000). Genetically modified crops having an ability to 

produce toxins against the different bollworms are grown on large areas of the land, but 

development of resistance against this toxin by the insects minimizes the benefits of this gene. 

Theoretical analysis of pest population had been done by Carriere et al. (2003). Although use of 

the Bt cotton suppressed the production of major pest i.e. pink bollworm, but this population 
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decreases only in the area where the Bt cotton is used to cultivate. They suggested that long term 

regional use suppresses the use of insecticide spray. Tabashnik et al. (2006) explained that use of 

Bt cotton, reduced the use of insecticide sprays. But resistance developed by bollworms may result 

in the less production. For this purpose, they monitored resistance by using DNA screening by 

polymerase chain reaction (PCR). Toxin produced by Bt gene reduces the chewing pest of cotton 

but resistance may develop by the bollworm against the Bt gene. By using Bt and Non-Bt crop, 

the cost may vary. If the farmer used that plant which are in high concentration of toxic substance 

it might increase the cost. There are three different types of pink bollworm on two cotton varieties. 

Resistance and susceptible populations are used. Although the experimental results did not reveal 

differences between cultivars in the magnitude or dominance of costs, modeling results suggest 

that differences between cultivars in pink bollworm survival could affect resistance evolution. 

Thus, knowledge of the interaction between host plants and fitness costs associated with resistance 

to Bt crops could be helpful in guiding the choice of refuge cultivars (Carrière et al., 2005). 

Pectinophora gossypiella is the serious cotton pest that affects the yield and quality of cotton. Use 

of pesticide is useless because this pest is very much protected inside the square and bolls. The 

best way to control the pest is the mating disruption, for this purpose pheromones are used. These 

materials represent different methods and action (Jenkins, 2002). Genetically modified cotton 

reduced the use of chemical insecticides. The investigation carried out by Krishna and Qaim (2012) 

concluded that insecticide use was minimized after growing the Bt gene containing cotton. Use of 

irrigation to the cotton field was examined by the Buttar et al. (2007) in three plots of cotton field 

and they managed the cotton field with three irrigation timing for main plot and three last irrigation 

timing for sub plots. They concluded that the last irrigation results in increase in 36% of cotton 

seed yield. Cultivation of non-transgenic crops near the genetically modified plant is a strategy 

used by the researchers to delay the pest resistance to transgenic crops. These non-transgenic plants 

are called as refuge plants. Furthermore, researcher concluded that pests can be controlled by using 

aggregation of Bt plants and non Bt plants so that sustainability of insects was minimized (Vacher 

et al., 2003). Yang et al. (2005) studied the effect of genetically modified cotton and non Bt cotton 

in fields while in fields pesticide was not used. Farmers were divided into two groups; one group 

is having education of IPM while the other is not having any education. They concluded that the 

farmers which are having IPM education gain higher profit as compared to those farmers which 

were not having any IPM education. So, education about IPM maximizes the value of genetically 

modified cotton.  The development of susceptible insects in non-toxic refuges on the Bt transgenic 



 
66 

 

cotton has been studied by Caprio et al. (2004). Modeling studies were done and they found that 

the source-sink dynamics act together with the structure of refuges. In two years’, time, they used 

three types of refuge widths with medium having 32-48m wide, narrow with 16-24m width and 

wide including 80-96m width refuges respectively. They have found that isolation between the 

two habitants increased with the increase of refuge width. Integrated pest management (IPM) is 

another technique which was introduced to minimize the considerable impacts of the use of toxic 

pesticides. The technique was developed by Mancinia et al. (2008). It is found that IPM diffusion 

rate has been less. Farmer field schools (FFSs) on IPM were conducted for cotton growers in India. 

The developed technique is found to be an effective educational approach for constructing the 

important knowledge for IPM adoption. However, FFS (73) was known to be one of the important 

techniques due to the less use of toxic pesticides which enhanced the knowledge on biological 

controls as well. A number of lepidopteran pests were controlled by Bt cotton and has become a 

cornerstone in overall IPM (Naranjo, 2011). It is investigated that Bt cotton has introduced large 

reductions in the abundance of targeted pests and benefited non-Bt cotton adopters. These findings 

have improved the biological control as well. Summy and King (1992) searched out that 

production of large cotton yield depends upon use of broad spectrum pesticide on cotton. There 

are potential tactics to control the pests of cotton, these tactics included agronomics techniques 

that starts before planting and continue till after harvesting. These are called as wide pest 

management effort. Cotton spotted boll worm was reared on antibiotic and plant extract by Sharma 

and Agarwal (1982). They obtained acetone from the square powder and fed the worm and found 

least survival of the caterpillar, then the same result obtained by using of tannic acid, gossypol and 

tannins and none of the larvae developed into pupa. They summarized it that tannins, anthocyanin, 

and gossypol may be used against spotted bollworm. Spotted bollworm is a drastic pest, the 

continuous use of pesticide may result into the development of resistance against pyrethroid. Cork 

et al. (1988) studied the female ability of ovipositor washing of spotted bollworm. For this purpose, 

they used two techniques i.e. gas chromatography and electroantennography. They used different 

pheromones to attract male. Earias vitella (spotted bollworm) was monitored by using pheromones 

trap and correlated the number of moth catches, with the infestation of larvae of cotton bolls. 

Researchers used pheromone trap, population of larvae and number of moths increased as crop 

grew. Population of moth and larvae was very high during month of august and October (Qureshi 

and Ahmad, 1991). Sharma and Pampapathy (2004) explored the beneficial aspect of genetically 

modified cotton, and non-Bt cotton with the survival of bollworms, especially Army worm. They 
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studied that number of larvae for the army worm were significantly reduced in transgenic cotton 

field as compared to conventional cotton field. Square and bolls damage was reduced in transgenic 

cotton as compared to conventional cotton. They concluded that it was very beneficial if transgenic 

crops are used for the targeted and non-targeted insect of cotton. Two types of cotton i.e. glanded 

cotton and glandless cotton was investigated for the survival and growth of Earias vittella by 

Dongre and Rahalkar (1980). They reared larvae on glanded cotton and found that larval and pupal 

weight, and survival of the larvae also decreases as compared to those larvae which are fed on 

glandless cotton.  Ashraf et al. (1974) examined the effects of gamma radiation on spermatogenesis 

and structure of pupal testis of spotted bollworm. Various cells show degenerative changes after 

increased radiation. They observed the broken sperm bundles, when high level of gamma radiation 

is bombarded. Significant gains and best revenue to farmers by using Bt cotton was investigated 

by Dong et al. (2004). They found that 20% yield increased after using Bt cotton and reduced the 

use of insecticide. Carriere et al. (2005) investigated the refuge strategy for pest resistance to the 

transgenic cotton. They argued that effectiveness of Bt crop was also dependent on compliance of 

farmers, because without the education to the farmers it is useless to get appropriate benefits from 

the Bt cotton. Effect of Bt cotton was investigated by Bennett et al. (2004). They concluded that 

Bt gene produced a special type of toxin which is very help to eradicate the bollworms. Christou 

et al. (2006) reported that Bt crops was successfully used in different parts of world as it is having 

very advantageous over the usage of insecticide due to the less use of insecticide it is also 

environment friendly. Greene et al. (2001) studied the effect of transgenic cotton on green stink 

bug and cotton bollworm i.e. Helicoverpa zea. They demonstrated that stink bug affects the cotton 

in July and September, same as the case with the H. zea. These may be controlled by using hybrid 

seed that contain Bt gene, but some chemicals are also used to control the population of stink bug. 

Boll damage observations revealed that there must be treatment, 20-25% boll damaged in mid 

seasons.  Impact of Bt cotton (Bollgard) and non Bt cotton was studied by Head et al. (2005). They 

collected different target pests i.e. bollworms, non-target pest i.e. stink bug and plant bug, and 

natural enemies i.e. Lady beetles and spiders. They concluded that all the populations are not 

different significantly in Bt cotton as compared to Non-Bt cotton. While predator population was 

higher in Bt fields. Moreover, Bt cotton has no harmful impact on non-target pests, while Bt cotton 

support higher population of predators. Transgenic cotton has an ability to produce more yield as 

compared to non-transgenic cotton, reason behind was that there is less attack of bollworms and 

as a result less use of insecticide. Researchers demonstrated that agricultural technology is used to 
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produce Bt cotton. In addition to these, transgenic cotton was also environmental friendly. 

Moreover, they suggest that there must be need of the hour for the higher authorities to make sure 

additional focus to elaborate area for the cultivation of transgenic cotton crop. Kathage and Qaim 

(2012) demonstrated the impact of use of Bt cotton for the small holder farmer, their study shows 

that 24 % cotton yield was observed after using of Bt seed. They concluded that Bt cotton 

benefitted the farmer for large and stable benefit. IPM technique is used to control the cotton 

bollworm in different parts of world. Different varieties of cotton have different population 

densities regarding that the variety was Bt or Non-Bt. Bollworms attack was high in non Bt cotton 

as compared to Bt cotton. Leaf hopper population was also noted to be higher in Bt than Non-Bt. 

However, use of Bt cotton reduced the use of insecticide in turn increase the population of sucking 

pest (Men et al. 2005). Mendelsohn et al. (2003) investigated that Cry1Ac Bt cotton was very 

fruitful to control the many types of chewing pest like as American bollworm, Spotted bollworm, 

Pink bollworm, tobacco budworm of cotton. By using Bt cotton farmers not only get economic 

benefits but also reduces the human health risk and Environmental hazards are also minimized. 

Impact of toxin produced by Bt gene ingested by Scheloribatidae was studied by Anibal et al. 

(2007) they revealed that toxin produced by Bt genes was important alternative control for the 

insect pests of cotton crop. Mites were vulnerable by the toxin produced by Bt gene in the cotton.  

They studied the effect of toxin along with chemical dipel and found that adult and immature 

survived. The toxicological tests which were used here might be used to test the other species as 

well. To know the quality of Bt toxin and concentration of various types of Bt cotton study was 

designed by Pemsl et al. (2005). They observed that although all farmers were using Bt varieties 

but still high amount of insecticides were used by them, which are very much hazardous. They 

concluded that lack of education to the farmer was the main reason of the low yield and less 

benefits from the Bt cotton. Beet armyworm, development food utilization and reproduction were 

studied by Wu et al. (2009). They observed that when the larvae fed on transgenic cotton then 

minimum pupal weight and larval span became longer similarly survival rate of adult was also 

higher in Bt cotton as compared to Non Bt cotton. They concluded that to control the pests of 

cotton crop there must be multi dynamic ways used to control the pests. Effectiveness of Bt cotton 

is reduced by the increase of secondary and sucking pests. It was supposed that if the primary 

insects were going to control, then there were a chance for the secondary and sucking pests to 

emerge. It is due to lower use of pesticide in Bt field. Researchers surveyed different fields and 

observed that Bt cotton containing field were sprayed less as compared to Non Bt cotton fields. 
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But they suggested that pesticide spray was needed in Bt cotton as well so that the secondary pests 

were controlled (Zhao et al. 2010). Use of Bt cotton and non Bt cotton by the farmers were 

investigated by the Arshad et al. (2009) for this purpose they interviewed 150 farmers, growers of 

Bt cotton and concluded that reason behind the use of Bt cotton was that, bollworm damage was 

reduced, less use of pesticide, ultimately yield and profit were high and labor was reduced. Their 

survey also indicated that farmers were aware of different bollworms and reported that low 

concentration of fall army worm, pink bollworm, spotted bollworm while high concentration of 

army worm. While famers which are still using Non Bt cotton and the reason behind that they were 

not sure about the results of Bt cotton and cost of seed was very high. Brickle et al. (2001) cotton 

bollworm especially Helicoverpa Zea was tried to control with different insecticides in non Bt 

cotton. Spinosad and thiodicarb was used to control the worm in Non Bt cotton. It was reported 

that H. zea has developed resistance against pyrethroid. Bt cotton not only used to eradicate the 

chewing pest of cotton, but also used to delay resistance in the bollworms. Researchers were 

investigated data of 38 studies and concluded that susceptible insect and resistant insects have 

produced susceptible insects indicated that resistance is recessive (Carrière et al., 2015). Jikunl et 

al. (2010) studied that the uses of insecticide for the controlling bollworms have declined. For the 

controlling of bollworms transgenic cotton was used. They summarized their work and suggested 

that previous studies might overcome the benefits of Bt technology. Bt cotton had an ability to 

control bollworm but number of Mirids (Non pest) had been recorded in recent years. Researchers 

studied the effect of Bt cotton on the fitness of Miridd. Difference was non-significant between 

population densities in unsprayed transgenic cotton and unsprayed transgenic cotton. They 

concluded that Bt cotton did not have any contribution of the outbreak of non-target pests. Increase 

of such insects might be due to the decrease of pesticide application (Li et al. 2010). Non-target 

pest population had increases in the Bt cotton field. To clear that if there were any role of Bt cotton 

in outbreak of these non-target pest, a field study was designed by Lia et al. (2011). They found 

no significant difference for non-target pest in Bt and Non Bt cotton field. While their densities 

decreased in fields where pesticides were used. They sum up the result that the non-target pest was 

decreased in the presence of pesticide used fields. Liu et al. (2007) inspected that resistance was 

developed against genetically modified crop by the bollworms especially army worm. They get F1 

progeny by crossing single pair (field collected male and laboratory female). Then f1 was screened 

for resistance after continuous screening they found 20% of male had resistance. They concluded 

that absence of non Bt cotton refuge system might increase the resistance evolution. Liu and Huang 
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(2013) studied that Bt cotton had an ability to minimize the use of pesticide but still farmer used 

large amount of pesticides. They concluded that in areas where farmers behave in a loss affirm of 

health over money in the loss domain. Importance of Bt cotton was studied by Zipfa and 

Rajasekaran (2003). They searched out that transgenic cotton has its own benefits such as 

operational cost is reduced, and ground water was not polluted because of low use of insecticide. 

Liu et al. (2005) reported that genetically modified cotton has an advanced impact on controlling 

of targeted insects’ pest of cotton. This study was conducted to know the effect of Bt cotton on 

non-target plant. Although resistance developed by first generation of Bt cotton while second 

generation cotton is widely accepted by the farmers because of more susceptible to the harmful 

cotton bollworm. Impact of different pests and yield of cotton was studied by Gujar et al. (2010). 

They said that on Bt cotton the number of sucking pest was negligible while the concentration of 

leaf rollers and spotted bollworms was very high. These studies showed that a refuge of up to 30% 

non-Bt cotton and up to 20% non-Bt cotton did not affect total seed cotton yield compared to 100% 

Bt cotton. Field survey was determined to study the effect of plant bugs on Bt cotton. Researcher 

used sweep net technique and observed visually.  They found that various species of mirid was 

found in cotton filed in all season. Further researchers suggested that management strategies must 

be used to control these bugs especially during production of flower and square (Liu et al., 2007).  

Use of insecticide will kill not only harmful pests but also eradicate the beneficial insects; to test 

this hypothesis Lu et al. (2012) studied three kinds of predators in Bt and non-Bt cotton fields. 

Although Bt cotton reduced the insecticide used so that the population for predators were enhanced 

in Bt cotton field as compared to No Bt cotton field. They also observed that predators give 

additional biocontrol. Prominent increase in yields and profits were reported by Cannon (2000). 

However, the aphids, thrips and plant bugs are the pests which were found in Bt crops. It is also 

investigated that chemical control over the Bt crops can be improved using the additional 

chemicals for non-target pests. Insecticide resistance management (IRM) technique is used to 

select pressures and potentials. This technique is considered the best technique for the separate and 

mixed refuges. The long term and complex experiments are required to evaluate the Bt crops 

compatibility with the invertebrates. It is also found that comparative study between the target 

species, IRM and natural enemy assemblages is also necessary for the detailed analysis. The 

influence on transgenically cry toxins on non-target insects has been studied. It is observed that ad 

hoc experimental results can be used for the analysis.  However, methodology and case by case 

studies are required for better analysis. In this study, they investigated that conceptual approach 
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must be used to evaluate the influence of risks on Bt crops. The important parameters and hazards 

should be carefully noticed for the Bt crops analysis. Whitehouse et al, (2005) studied that 

genetically engineered cotton was used to control the arthropod insets pests of cotton. They 

performed comparison of the invertebrate found on the upper part of the plant i.e. canopy 

invertebrate in conventional cotton with spray and without spray. They found that beneficial 

species diversity was minimized by the use of insecticide than other cotton field where the 

insecticide was not sprayed. Helicoverpa species were high in non-transgenic cotton field and 

predator’s numbers were also found to be higher.  

 

  



 
72 

 

2.3  MATERIALS AND METHODS 

Government of Punjab has recommended several cotton varieties to be sown in the province. These 

varieties include Bt and non Bt varieties such as NIAB Non Bt and Bt varieties such as IUB-33, 

MNH-988, Lalazar, and Sitara. The present study was carried out to know the resistance of these 

varieties against various chewing pests known as bollworms including American, Pink and Spotted 

bollworms. 

2.3.1 Study site 

The present study was conducted in cotton fields of four districts namely Multan, Khanewal, 

Muzaffar Garh and Kabirwala in Southern Punjab province in Pakistan. These experimental sites 

are located with following co-ordinates: 

Location Coordinates Altitude Area 

Multan 30o 05’ N 71o 40’ E 124 m 3721 Km2 

Muzaffar Garh 30o 4’ 13” N 71o 11’ 36” E 122 m 8435 Km2 

Khanewal 30°18'0N 71°55'0E 128 m 4349 Km2 

Kabirwala 30°20'10"N 70°43'30" E 112 m 4150 Km2 

 

2.3.2 Subject of study 

Chewing bollworms are common infesters of cotton crops. Therefore, reaction of Bt and Non-Bt 

cotton against these chewing bollworms was focused. Five varieties of cotton (four Bt and one 

Non-Bt) were studied for genetic resistance against these bollworms. 

2.3.3 Time duration 

This study was conducted from April 2014 to October 2016 and data were collected regarding egg 

counts and adult populations of different types of bollworms including American, Pink and 

Spotted. 

2.3.4 Data collection 

The data on egg and adult counts of three types of commonly found bollworms (American, Pink 

and Spotted) were recorded in randomly selected ten cotton fields in each district three times in a 
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month with ten days interval starting from April to October of every year. Plant inspection method 

was used and sampling was initiated at the seedling emergence. H. armigera adults are mobile and 

produce large number of eggs, leading to rapid buildup of populations under favorable condition. 

Regular monitoring of crop for the presence of Helicoverpa larvae and or damage in the study area 

was carried out. The sampling of spotted bollworm was done at eggs and larval stages, because 

these stages are less mobile and more likely to be affected by insecticide or Bt toxin proteins (Head 

et al., 2005). Pink bollworm larvae were estimated by counting all larvae inside 25 randomly 

collected green bolls (13-20 days old) per plot. Rosset flower caused by pink bollworm larvae 

were also counted on 15 plants selected randomly in each plot.   

2.3.5 Data analysis 

Data were put to statistical analysis using one-way analysis of variance (ANOVA) to know the 

significant effects of varieties. Means were separated using LSD test at 5% level of significance. 

Host plant susceptibility indices (HPSI) were also calculated using following formula: 

𝐻𝑃𝑆𝐼 =
𝐵−𝐴

𝐵
× 100         →     (1) 

Where 

A is insect population on a variety; B is total insect population on all varieties. 

The software used for statistical analysis was Statistix Version 8.1 and Microsoft Excel. 
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2.4  RESULTS 

2.4.1 Analysis of egg count of cotton bollworms in Multan 

Analysis of variance of egg count of American bollworm (Table 2.4.1) showed that it was 

significantly affected by period (P<0.05) and variety (P<0.001). In case of Pink bollworm, egg 

count was significantly different for cotton varieties (Table 2.4.1). Egg count of Spotted bollworm 

showed significant differences for period (P<0.001) and variety (P<0.001) (Table 2.4.1) in Multan. 

Comparison of means for egg counts ABW, PBW and SBW are given in Table 2.4.2. 

2.4.2 Analysis of adult count of bollworms in Multan 

Analysis of variance of adult population count of American bollworms (ABW) (Table 2.4.1) in 

cotton fields of Multan showed that this parameter was affected significantly by period (P<0.001) 

and variety (P<0.001). Similar ANOVA results were obtained in cases of Pink bollworm (PBW) 

and Spotted bollworms where period and variety showed significant (P<0.05) influence on adult 

counts as shown in Table 2.4.1, Figure 2.4.1. Comparison of means for adult counts ABW, PBW 

and SBW are given in Table 2.4.2. Comparison of means for adult count of ABW (Table 2.4.2) 

showed that NIAB Non-Bt had the highest count (26.471) followed by MNH-988 (8.535) and 

Sitara-009 (4.98). IUB-33 had the least number of ABW (0.424). Adult count of PBW was also 

highest in NIAB Non-Bt (32.246) and lowest (6.151) in Sitara-009 (Table 2.4.2, Figure 2.4.2). The 

highest and lowest numbers of adult SBW were found in NIAB Non Bt (20.618) and Sitara-009 

(2.094) cotton varieties in Multan, respectively (Table 2.4.2, Figure 2.4.1). Comparison of means 

of egg count of ABW found in cotton varieties of Multan (Table 2.4.3, Figure 2.4.2) showed that 

NIAB No- Bt had the highest count (29.763) while MNH-988 had the least number of eggs of 

ABW (0.889). Egg count of PBW was highest on NIAB Non Bt (27.319) and least on Sitara-009 

(3.0149) in Multan (Table 2.4.3, Figure 2.4.2). Egg count of SBW was found highest in NIAB 

Non-Bt (27.727) and lowest in IUB-33 (0.251) cotton varieties in Multan (Table 2.4.3, Figure 

2.4.2).  

Table 2.4.1: Analysis of variance of egg counts and adult population found in Multan  

 

Variables Period Variety 

F 20, 276 P F 20,276 P 

ABW eggs 1.66 0.0402 31.41 0.0000 
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PBW eggs 1.44 0.1018 16.54 0.0000 

SBW eggs 3.78 0.0000 34.45 0.0000 

ABW adults 3.49 0.0000 69.67 0.0000 

PBW adults 5.11 0.0000 70.31 0.0000 

SBW adults 2.89 0.0001 67.45 0.0000 

Table 2.4.2: Means (±S. E) number of adult American, Pink and Spotted bollworms for 

different cotton varieties in Multan  

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 0.424D 0.0420 8.040BC 2.7769 2.872B 1.6519 

Lalazar 63 3.090CD 1.8825 9.500BC 3.8759 3.602B 1.9827 

MNH-988 63 8.535B 3.5430 10.929B 4.2836 3.364B   1.6839 

NIAB Non-Bt 63 26.471A 11.623 32.246A 16.958 20.618A   9.9728 

Sitara-009 63 4.948C 1.9999 6.151C 2.3779 2.094B 0.9638 

Means bearing different letters are significantly different from each other 

Table 2.4.3: Means (±S. E) number of eggs of different bollworms of cotton for different 

varieties in Multan  

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 3.588B 1.1325 14.859B  6.5825 0.251B 0.0747 

Lalazar 63 3.540B 1.1316 7.351C 2.3214 2.600B 1.1936 

MNH-988 63 0.889B 0.3293 3.478C 1.4226 2.289B 1.1745 

NIAB NonBt 63 29.763A   11.124 27.319A  11.024 27.727A 11.002 

Sitara-009 63 6.569B 2.1274 3.049C 1.5014 2.305B 1.1736 

Means bearing different letters are significantly different from each other 
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2.4.3 Analysis of egg counts of different bollworms in Khanewal 

In Khanewal average egg counts of American bollworms were highly significant (P<0.001) 

influenced by period and variety (Table 2.4.4, Figure 2.4.4). The ANOVA for mean egg count of 

PBW in cotton crops of Khanewal presented that it was affected significantly (P<0.001) by period 

and cotton variety (Table 2.4.4, Figure 2.4.4). In case of spotted bollworm, similar situation was 

observed. Period and variety showed significant (P<0.001) differences for average egg count 

(Table 2.4.4, Figure 2.4.4).  

2.4.4 Analysis of adult counts of different bollworms in Khanewal 

Analysis of mean adult count of ABW (Table 2.4.4, Figure 2.4.4) depicted that this variable was 

influenced highly significantly by period (P<0.001) and cotton variety (P<0.001). Period and 
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variety factors had significant (P<0.001) influence on average number of adults of PBW and SBW 

as given in ANOVA Table 2.4.4, respectively.  

Comparison of means for number of adults ABW present in different cotton varieties showed that 

NIAB Non Bt had the highest (17.892) and IUB-33 (3.320) had the lowest figure (Table 2.4.5, 

Figure 2.4.3), Highest mean numbers of adult of SBW (15.077) were found in NIAB Non-Bt cotton 

verity (Table 2.4.5). The least count of adult SBW was noted in IUB-33 cotton (0.648). Highest 

average number of eggs of ABW (19.957) was present in NIAB Non-Bt (Table 2.4.5, Figure 2.4.4). 

The lowest egg count of ABW was recorded in MNH-988cotton variety (0.306). Lowest and high 

average egg counts of PBW of cotton in Khanewal were observed in MNH-988 (6.790) & NIAB 

Non Bt cotton varieties (14.567). Average number of eggs of SBW was found highest and lowest 

in NIAB Non Bt (11.981) & IUB-33 (2.933) cotton varieties (Table 2.4.5, Figure 2.4.4).  

 

Table 2.4.4: Analysis of variance of eggs counts and adult population found in Khanewal 

Chewing pest Period Variety 

F 20, 276 P F 20, 276 P 

ABW eggs 5.31 0.0000 52.36 0.0000 

PBW eggs 16.24 0.0000 10.28 0.0000 

SBW eggs 2.76 0.0001 13.03 0.0000 

ABW adults 8.85 0.0000 12.98 0.0000 

PBW adults 11.62 0.0000 20.54 0.0000 

SBW adults 6.19 0.0000 23.30 0.0000 
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Table 2.4.5: Means (±S. E) number of adult American, Pink and Spotted bollworms for 

different cotton varieties in Khanewal 

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 3.320C 1.4892 14.798B 5.9282 0.648C 0.1401 

Lalazar 63 15.638A 7.6571 31.496A 12.243 5.712A 2.0422 

MNH_988 63 8.463B 4.9822 17.925B 8.6280 3.315BC 1.1622 

NIAB Non Bt 63 17.892A 8.3725 19.194B 8.9246 15.077A 6.9883 

Sitara-009 63 7.447C 3.6774 7.433C 3.9363 4.267B 2.1432 

Means bearing different letters are significantly different from each other 

Table 2.4.6: Means (±S. E) number of eggs of American, Pink and Spotted bollworms of 

cotton for different varieties in Khanewal 

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 3.814BC 1.1688 8.186C 3.8819 1.743 C 0.2314 

Lalazar 63 2.354CD 1.0709 8.805C 3.9996 7.822 B 3.3125 

MNH_988 63 0.306D 0.0687 6.790C 2.9718 2.933 C 1.9316 

NIAB Non Bt 63 19.957A   7.8799 14.567A  6.4635 11.981A 6.1113 

Sitara-009 63 6.719B 2.9787 11.710B  5.6721 2.305BC 1.1738 

Means bearing different letters are significantly different from each other 
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2.4.5 Analysis of egg counts of different bollworms in Muzaffar Garh 

The ANOVA (Table 2.4.7) for average egg count of ABW recorded in cotton fields of Muzafar 

Garh showed that period and variety had significant effects (P<0.001) on this variable. Egg count 

of PBW was also significantly affected by period (P<0.001) and cotton variety (P<0.001) (Table 

2.4.7). In case of spotted bollworm same situation was observed; period and variety had significant 

(P<0.001) differences (Table 2.4.7).  

2.4.6 Analysis of adult counts of different bollworms in Muzaffar Garh 

Average number of adults of ABW was significantly affected by period (P<0.001) and variety 

(P<0.001) in Muzaffar Garh (Table 2.4.7). Similarly, average number of adults of PBW and SBW 

both were affected significantly by period (P<0.001) and variety (P<0.001) effects respectively 

(Table 2.4.7). The highest (14.678) and lowest (5.583) average numbers of adults of ABW were 

found in NIAB Non Bt and IUB-33 respectively (Table 2.4.8, Figure 2.4.5). The maximum average 

numbers (24.907) of adults of PBW were noted in NIAB Non Bt followed by IUB-33 (17.526) 

and MNH-988 (14.208). The least average number of adult PBW (4.764) was found in Sitara-009 

cotton variety in Muzaffar Garh (Table 2.4.8, Figure 2.4.5). The highest (9.4644) and least 

(1.1629) average counts for adult SBW were seen in NIAB Non Bt and IUB-33 cotton varieties 

(Table 2.4.8, Figure 2.4.5). The highest (18.034) and least numbers (2.225) of ABW eggs were 

found respectively in NIAB Non Bt and Lalazar cotton varieties (Table 2.4.9, Figure 2.4.6). In 

case of PBW, the maximum (25.715) and minimum (0.033) egg counts for varieties were found 

for NIAB Non Bt and Sitara-009 varieties respectively (Table 2.4.9, Figure 2.4.6). The least 
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(0.330) and highest (20.568) average number of eggs of SBW were present in case of cotton 

varieties MNH-988 and NIAB Non Bt respectively (Table 2.4.9, Figure 2.4.6). 

Table 2.4.7: Analysis of variance of eggs counts and adult population found in Muzaffar 

Garh 

Chewing pest Period Variety 

     F 20, 276           P       F 20,276           P 

ABW eggs 3.47 0.0000 34.22 0.0000 

PBW eggs 5.42 0.0000 89.11 0.0000 

SBW eggs 3.93 0.0000 75.65 0.0000 

ABW adults 6.56 0.0000 8.79 0.0000 

PBW adults 9.58 0.0000 37.82 0.0000 

SBW adults 8.16 0.0000 19.46 0.0000 

Table 2.4.8: Means (±S. E) number of adult American, Pink and Spotted bollworms for 

different cotton varieties in Muzaffar Garh 

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 5.583B 2.2546 17.526B   8.2573 1.1629C 0.2868 

Lalazar 63 8.741B 2.1352 8.875C 3.2674 1.8771C 0.9867 

MNH_988 63 7.281B 2.4325 14.208B   5.2773 2.0835C 1.4252 

NIAB Non Bt 63 14.678A 6.2344 24.907A   10.672 9.4644A 4.7867 

Sitara-009 63 6.186B 2.1421 4.764D 2.1672 5.4486B 2.7934 

Means bearing different letters are significantly different from each other 

 

Table 2.4.9: Means (±S. E) number of eggs of American, Pink and Spotted bollworms of 

cotton for different varieties in Muzaffar Garh 

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 2.336C 1.0322 7.969B 3.8929 1.393B   1.0116 

Lalazar 63 2.225C 1.0231 2.239CD 1.0917 0.838B   0.0114 

MNH_988 63 7.669B 2.2362 4.001C 1.9999 0.330B   0.1116 
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NIAB Non Bt 63 18.034A 8.1374 25.715A 11.738 20.568A    10.116 

Sitara-009 63 3.828C 1.2461 0.033D 0.0009 1.056B   1.0198 

Means bearing different letters are significantly different from each other 

 

 

 

 

 

2.4.7 Analysis of average egg counts of different bollworms in Kabirwala 

The analysis of variance for average egg count of ABW (Table 2.4.10) showed significant 

differences for period and varieties. The ANOVA for average egg count of PBW (Table 2.4.10) 

also showed similar results where period and variety had significant effect (P<0.001). Average 

count of SBW was significantly influenced by period (P<0.001) and cotton variety (P<0.001) 

factors Table (2.4.10). 
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2.4.8 Analysis of average adult counts of different bollworms in Kabirwala 

However, average adult counts of ABW, PBW and SBW in Kabirwala were highly significantly 

(P<0.001) affected by period and varieties respectively as shown in Table 2.4.11. The highest 

number (26.298) of adult ABW, were counted in NIAB Non-Bt (Table 2.4.11, Figure 2.4.7). The 

lowest numbers (03.78) of adults of ABW were seen in IUB-33 variety. In case of PBW the highest 

(27.269) and lowest (5.729) counts of adults were observed NIAB Non-Bt and MNH-988cotton 

varieties (Table 2.4.11, Figure 2.4.7). The highest (28.283) and least (0.251) average numbers of 

adults of SBW in cotton fields of Kabirwala were noted in NIAB Non-Bt and MNH-988varieties 

(Table 2.4.11, Figure 2.4.7). Highest (27.174) and least (0.508) mean numbers of eggs of ABW 

were respectively found in cotton varieties NIAB Non Bt and Lalazar (Table 2.4.12, Figure 2.4.8). 

The highest (29.181) egg count of PBW of cotton was found in NIAB Non Bt (Table 2.4.12, Figure 

2.4.8). On the other side, least count (4.022) of PBW eggs were noted in IUB-33 variety. Maximum 

(30.293) and minimum (0.025) numbers of eggs of SBW were found in NIAB Non-Bt and MH-

988 cotton varieties (Table 2.4.12, Figure 2.4.8). 

Table 2.4.10: Analysis of variance of eggs counts and adult population found in Kabirwala  

Chewing pest Period Variety 

F 20, 276 P F 20, 276 P 

ABW eggs 3.47 0.0000 66.99 0.0000 

PBW eggs 5.63 0.0000 62.85 0.0000 

SBW eggs 3.86 0.0000 108.25 0.0000 

ABW adults     3.27 0.0000         53.24 0.0000 

PBW adults 6.87 0.0000 17.13 0.0000 

SBW adults 4.23 0.0000 111.87 0.0000 

Table 2.4.11: Means (±S. E) number of adult bollworms for different cotton varieties in 

Kabirwala 

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB33 63 0.378D 0.0880 10.173BC  4.0921 0.305C 0.1688 

Lalazar 63 5.410C 2.4582 21.681A 10.912 1.251C 1.2689 
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MNH_988 63 1.378CD 0.4585 5.729C 2.0223 0.251C 0.1999 

NIAB Non Bt 63 26.298A 11.883 27.269A 11.912 28.283A 10.621 

Sitara-009 63 6.186B 3.2420 15.046B 7.0924 13.171B 6.1672 

Means bearing different letters are significantly different from each other 

Table 2.4.12: Means (±S. E) number of eggs of different bollworms of cotton for different 

varieties in Kabirwala  

Variety N ABW PBW SBW 

Mean SE Mean SE Mean SE 

IUB-33 63 2.492C 1.4362 4.022C  1.3221 0.263C 0.2511 

Lalazar 63 0.508CD 0.0363 5.847C  2.3432 0.944C 0.9862 

MNH-988 63 1.683D 0.4571 4.704C  1.8320 0.025C 0.0062 

NIAB Non Bt 63 27.174A 10.362 29.181A    11.342 30.293A 12.563 

Sitara-009 63 10.270B 4.4331 11.800B    5.3325 10.007B 4.2561 

Means bearing different letters are significantly different from each other 
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2.4.9 Host plant susceptibility index (HPSI) 

Host plant susceptibility index (HPSI) of different cotton varieties sown in four districts are 

presented in Table 2.4.13 and Figure 2.4.9-2.4.20. It shows that IUB and NIAB non-Bt varieties 

had highest (90.18%) and lowest (47.51%) HPSI in 2014 in Multan. In Khanewal, highest 

(89.14%) and lowest (56.06%) HPSI, was noted for IUB and Lalazar varieties in 2014. In Muzaffar 

Garh and Kabirwala highest (86.19%, 88.05%) HPSI was found in case of Lalazar and MNH-988 

in 2014. During 2015, highest (94.88%) HPSI was found for Sitara in Multan, Lalazar (95.22%) 

in Khanewal, Sitara (96.33%) in Muzaffar Garh and IUB (92.38%) in Kabirwala. In 2016, highest 

HPSI were observed for IUB (97.82%) in Multan, Sitara (97.88%, 96.12%) in Khanewal and 

Muzafar Garh and IUB-33 (97.09%) in Kabirwala. 

Table 2.4.13: Host plant susceptibility index (HPSI) of different varieties of cotton at four 

experimental sites during three years study 

Year Variety 

Host Plant Susceptibility Index (%) 

Multan Khanewal Muzaffar Garh Kabirwala 

2014 

NIAB NBt 47.50 84.84 65.42 69.26 

Sitara 87.52 84.24 82.85 83.47 

MNH 86.30 85.72 84.36 92.76 

Lalazar 88.50 56.06 86.19 66.47 

IUB-33 90.18 89.14 81.18 88.05 

2015 

NIAB NBt 40.59 28.80 22.77 35.06 

Sitara 94.88 93.31 96.33 90.81 

MNH 75.83 91.62 92.58 91.36 

Lalazar 93.89 95.22 94.70 90.38 

IUB-33 94.81 91.06 93.62 92.38 

2016 

NIAB NBt 25.10 47.24 42.65 55.24 

Sitara 95.78 97.88 96.12 87.25 

MNH 95.12 81.09 87.27 97.00 

Lalazar 86.18 79.20 86.88 95.42 

IUB-33 97.82 94.59 87.08 97.09 
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Figure 2.4.9-2.4.20: Host Plant Susceptibility index (HPSI) of different cotton varieties (NIAB 

Non-Bt, Sitara-009, Lalazar, IUB-33) at different sites during 2014-16.   
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in 2014
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2.5 DISCUSSION 

Two important aspects of insect pest were noted during the study period related to their lives i.e. 

number of eggs and adult populations. It was noted that three kinds of bollworms were commonly 

present in cotton fields namely American bollworm, Pink bollworm and Spotted bollworms. 

Different cotton varieties pose variable resistance to various insect pests. This variation in 

resistance is depicted in the form of number of eggs and adults of insect pests found on the variety. 

The varietal differences thus become significant as some insect pests flourish well in least resistant 

cotton variety while they could not do well on others. In most of the cases, bollworms (either 

American, pink or spotted bollworm) egg counts and adult counts were higher on NIAB Non-Bt 

cotton. It seems that this variety is more prone to insect attack and showed least resistance against 

them in Multan region. One of the varieties (IUB-33) had least number of eggs of ABW, meant 

that it possessed the highest resistance against this worm and was comparatively better to grow in 

the area where there were more chances of ABW attack. In case of Pink bollworm, highest 

resistance was observed in Sitara-009 cotton variety in Multan. Yearly and monthly effects 

produced significantly different egg and adult counts showed their ample influence on insect pest 

dynamics. A surprising fact was that higher humidity and temperature disfavored PBW adults in 

Multan cotton fields. Moderate humidity, temperature and wind speed ranges were more suitable 

for these worms. It meant that farmers should be more careful about PBW when temperature and 

humidity are lower and variety is NIAB Non-Bt. Sitara-009 is more suitable under such 

circumstances where there are more chances of PBW attack. The increased humidity appeared to 

be destructive for eggs of PBW. Lower temperature was suitable for eggs of this worm. Adult 

counts of SBW in cotton field of Multan presented that NIAB Non Bt was the least resistant variety 

while Sitara-009 showed highest resistance against SBW. Population dynamics is an intricate 

phenomenon especially in case of insect pest which is controlled by a number micro and macro 

environmental factors. Such factors need to be explored and demand more comprehensive studies. 

Present study was such an effort to look into some of the factors exerting their influence on insect 

populations. Hence the study was focused on some cotton bollworms and their predators and 

spanned over three years. The insect pests and their predator’s population dynamics was 

investigated over different cotton varieties usually sown in the four districts of Southern Punjab, 

Pakistan. Effects of time period (year) and month of observing the population along with 

meteorological parameters (humidity, temperature and wind speed) were put under exploration 

that how they influenced insect and their predators’ populations. Here varietal resistance was also 
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noted where some cotton varieties were more prone to insect attack and infestation than others. 

The variables of interest were number of eggs and adult count of these bollworms and count of 

predators. Explanatory (independent) variables comprised of time factor (year and month within 

year was defined as period), meteorological parameters like humidity, temperature, wind speed 

and varietal factors. Differences in insect pest population were clear cut for period and variety. As 

insect and their predator populations fluctuate with time, hence the difference over time were 

natural. Differences in populations within months were observable and found to be related to 

environmental factors like humidity and temperature some extents but apparently provided no 

clues about their obvious impact as meteorological factors most of time remained a non-significant 

source of change/influence. Under climatic conditions of Multan, it seems not surprising that 

period could have no influences on American bollworms’ egg count as fluctuations in climatic 

conditions during last decade are obvious. Yearly differences mostly depended on population 

dynamics of insects and their predators. Commonly where there is more prey there are more 

attraction for predators. When predators multiply, a competition arises for space and feeding 

resources that ultimately reduces the excessive prey populations and sometimes reduces to a 

minimum. In such conditions predator has to escape or die. The diversion reduces predator’s 

population in the area which in turn provides space for prey to flourish again. Such fluctuations 

are apparent over time period. These changes over time might have produced significant 

differences for three years of study and monthly differences in egg counts of bollworms. Higher 

egg counts hence, would have been responsible for larger number of adults as both variables are 

strongly correlated. There is no doubt that more the eggs more the adults depending upon the 

hatchability. Meteorological parameters (temperature, humidity, wind speed) could not produce 

significant differences for egg and adult counts of ABW for Multan cotton fields. This is because 

their minor differences and narrow ranges for these parameters as weather almost remained hot 

and humid during most part of the year. A long-term study comprising of a decade or more perhaps 

could yield reasonable differences for insect populations. During three years of study from April 

to October every year, environmental differences remained nearly the same. It looks that hot humid 

environment was more favorable for propagation of ABW. Higher humidity always favored rapid 

propagation of insect pests. Another fact that hatching of eggs requires higher temperature and 

humidity, favors this result. Lower humidity hinders hatchability of eggs. It was observed that 

higher temperature and humidity produced highest number of eggs that ultimately turned into 

higher number of adults of bollworms in Multan cotton fields. In short, NIAB Non-Bt cotton 
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variety was more prone to insect attack when there was higher temperature and humidity and fast 

wind speed. This insect was found higher in numbers when humidity was lower and temperature 

was slightly higher (40oC) at moderate wind speed. Higher humidity and temperature were 

favorable conditions for laying of eggs of SBW which was depicted in the cotton fields in terms 

of higher egg count. Again, NIAB Non-Bt became less favorable variety for the area. The situation 

of egg and adult count of different bollworms found in cotton fields of Khanewal showed almost 

similar fashion as in Multan. The influential factors (period, variety) remained significant sources 

of variation for egg count and adult population of ABW on one side while environmental variables 

(temperature, humidity, wind speed) appeared to be non-significant sources of variation for this 

dependable variable. Similar results were obtained for PBW and SBW. Both egg count and number 

of adults of each of the worm type showed signiant variation across years and months (period) 

during the study. Environmental factors could not produce significant differences in these variables 

(egg and adult counts) of PBW and SBW in Khanewal district. The differences due to period (year 

and month) were obviously due to changing insect and their population densities over time. The 

insect densities were dependent upon their lifecycles and stages of development. Egg count 

depended upon number of insects laying eggs, and how much eggs remained intact to hatch. Adult 

counts depended upon the hatchability of eggs and number of larvae turning into adults and safety 

from the predators. American bollworm population in the beginning of the study (April 2014) was 

minimum which gradually increased and became maximum in October 2014. It showed that 

number of insects increased with maturity of cotton. Definitely, bollworms population depends on 

cotton bolls to stay on, hence their presence is needed for insects. It means October is not a safe 

period for cotton bolls in Khanewal. Necessary control measures are needed to check expanding 

ABW population during this month. Muzaffar Garh district is not very far away from Multan and 

the districts are separated by a riverine partition. Egg counts of ABW, PBW and SBW significantly 

differed for the years and months within years. Yearly variation usually is affected by insect control 

program/pesticide sprays and cropping densities in and around the district. Within year variations 

might be related to phenological stages of crops. Moth of each type come and lay eggs when there 

the crop is sown and leaves appear. These eggs hatch into worms which ultimately wait for bolls 

to develop and enter into bolls. When these caterpillars mature and turn into adult moths they fly 

away. The differences for varieties depict their internal resistance against these worms. Suitable 

environmental conditions also help the worm eggs to hatch into new one. The influence of 

humidity, temperature and wind speed being non-significant on egg counts of these worms (ABW, 
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PBW and SB) indicated that eggs had equal opportunity to hatch and multiply the insects on cotton 

crops in the region. Similarly, the average population of adults of these bollworms varied across 

years and months in this region. Yearly differences might depend upon insect population control 

and population dynamics. Cropping intensity might have affected this variable. Predator prey 

population ratio is another factor that could have influenced prey populations across years. The 

differences due to varieties depend upon their resistance. Some varieties offer more attraction than 

others for the insect moths. Environmental variables as usually could not produce ample 

differences among adult population of these insect in Muzaffar Garh. One of the varieties of cotton 

(NIAB Non-Bt) was found to be the most favorite variety for the insects (ABW, PBW & SBW). 

Maximum resistance against these worms was observed in IUB-33 cotton variety in Muzaffar 

Garh. It was apparent that farmers could have saved their crops from the attack of these bollworms 

by cropping IUB-33 cotton variety in this region. Similar pattern of effects was noted in Kabirwala 

district. Years’ had variable egg and adult counts of different bollworms (ABW, PBW & SBW). 

Within years differences were also significant for egg counts. This is directly related to crop 

phenological stages, moth visiting these crops and laying of eggs. The crop is commonly sown in 

early April. The moths visit the crop when leaves appear and lay eggs. As crop grows in size more 

moths come to visit. Large sized plant can bear more number of eggs; hence month variation was 

seemed to be related to this phenomenon. Yearly variation depended upon many factors including 

favorable conditions for insect pests, population densities, availability of space, predator prey 

ratios etc. Environmental factors were as usually of secondary importance as they could not have 

influenced egg counts.  As regards the cotton varieties, NIAB Non-Bt variety bore maximum 

number of eggs and adults of ABW, SBW and PBW in Kabirwala district. It showed that this 

cotton variety was least resistant against these insect pests. The cotton varieties IUB-33, MNH-

988 and Sitara-009 showed maximum resistance against adult ABW, PBW and SBW respectively 

in this region. Moths of ABW, PBW and SBW mostly visited and laid eggs on NIAB Non-Bt. 

Least number of eggs of ABW, PBW and SBW were noted on Lalazar, IUB-33 and MNH-988 

cotton varieties in the area showing maximum resistance against these pests. ABW and PBW loved 

moderate humidity and high temperature of this area. So, it was clear that farmers should avoid 

growing NIAB Non Bt cotton in this region in order to save economic losses due to these 

bollworms. Many studies across globe had already revealed similar results as found in the present 

research work in Southern Punjab, Pakistan. Significant correlations of environmental factors and 

insect pest have been reported (Ghafoor et al., 2011). Bt cotton has been declared as better in 
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resistance against pests. Genetically modified cotton has shown remarkable resistance against 

some pests (Benedict et al., 1993). Present results indicated that Bt cotton varieties were better in 

performance than non-Bt. These findings resembled findings of many other researchers (Fitt et al., 

1994; Burd et al., 2003; Ali et al., 2006; Gahan et al., 2011).  
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CONCLUSIONS 

The behavior of Bt cotton provided that it was quite resistant against chewing pests’ infestation in 

Southern Punjab region as compared to Non-Bt cotton. The recommended varieties had efficient 

propagation in the area with minimum infestation levels and almost all types of chewing pests 

(American, Pink and Spotted bollworms) faced nearly equal resistance and could not propagate 

their populations to greater extent. It was therefore, suggested to focus on cultivation of Bt cotton 

varieties in these regions. 
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ABSTRACT 

This study was conducted to elaborate the effects of various meteorological factors on cotton 

chewing pest population parameters in Southern Punjab. This experiment was performed in cotton 

growing fields of four districts including Multan, Khanewal, Muzaffar Garh and Kabirwala. Data 

on three types of chewing pests namely American, Pink and Spotted bollworms were recorded 

from April 2014 till October 2014 every year along with meteorological data. Humidity, 

temperature and wind speed levels non-significantly affected egg counts and adult populations of 

American, pink and spotted bollworms in all regions (Multan, Khanewal, Muzaffar Garh and 

Kabirwala). It was suggested that population trends should be observed along with environmental 

factors for a longer period and on vast area in order to establish pest control programs. 

Keywords: chewing pests; bollworms; cotton pests; meteorological factors 
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3.1  INTRODUCTION 

Environment is a vital part which play important role in propagation of insects and can affect 

increasing populations. Favorable environmental conditions provide a ground for increase in 

population sizes of insects and adverse conditions can cause noticeable decrease. Among such 

environmental factors humidity, temperature and wind speed are important along with 

precipitation or rain fall. The temperature ranges depend upon the climatic and geographical 

conditions of a location. Humidity also depends upon climate and geography of the region along 

with plantation/forestry. Suitable environment is needed for hatching of eggs, growth of larva and 

thriving of adults. Eggs don’t hatch at all temperatures and humidity levels. Effects of temperature, 

humidity and rainfall/precipitations on population dynamics of insects/pests have been explored 

all over the world by a number of researchers who specifically explained which type of pest is 

influenced by these factors to what degree. Higher temperatures decrease number of insects while 

declining temperature support increase in their populations (Qureshi et al., 2009). Positive 

correlations of predator populations with temperature and rainfall didn’t remain hidden. Pest 

population had negative correlations with these factors (Pratheepa et al., 2010). Higher 

temperature and humidity favored predators’ population and vice versa (Glick and Graham, 1965; 

Kavitam, 2015). Different types of bollworms needed almost similar type of meteorological 

conditions but spotted bollworm and spiny bollworms (Qureshi and Ahmad, 1991; Barteková and 

Praslička, 2006) had different population size under similar temperature and humidity. Sometimes 

both predator and prey loved similar temperature (Prasad and Bambawale, 2010; Aziz et al., 2011) 

but lower temperatures were observed to favor more range of insects. These factors had complex 

effects when combined with other factors. Micro and microenvironment changes can cause ample 

effect on population of pests. Global warming seems to be putting its effect on increasing pest 

populations (Satti 2012; Sharma et al., 2016). Minimum and maximum temperatures provide 

conducive/non-conducive environment for propagation of different pests (Akram et al., 2013). 

Increasing temperatures cause gradual increase in larval populations (Zafar et al., 2013) and 

population dynamic also depend upon temperature, rainfall/precipitation and humidity (Hussain et 

al., 2014; Pan et al., 2014; Ragab et al., 2014; Ali et al, 2016). It was noted that certain pest had 

some critical temperatures for their proper propagation (Reddy et al., 2015; Kumar et al., 2016). 

As cotton is now commonly grown in Southern part of Punjab province in Pakistan, and studies 

regarding the effects of meteorological factors effecting populations of cotton bollworms are not 

sufficiently available, therefore present study was planned to explore these facts to highlight cotton 
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bollworms and their propagation in order to understand and establish the control mechanisms for 

minimizing these pests to save economy and farmers assets. 

3.1.1 Aims and Objective 

Present study was conducted with following objectives: 

• To estimate the role of environmental fators on egg counts of different chewing pest 

including American, pink and spotted bollworms of cotton in Southern Punjab 

• To determine the impact of environmental factors on adult populations of American, pink 

and spotted bollworms of cotton in Southern Punjab 
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3.2  LITERATURE REVIEW 

Environmental factors like temperature and humidity can influence insect population in cotton 

fields. Some researchers investigated effect of these variables on white fly population and found 

significant correlations of temperature and humidity with white fly populations which were 

negative and positive respectively. They declared that NIAB, Karishma was better in resistance 

against white fly insect pests (Ghafoor et al., 2011). High temperature exposure during the 

formation of squares in Bt cotton, increases the survival of bollworms. Researchers studied the 

effect of temperature in Bt cotton when it is at the production of square. They used 34-44oC 

temperature to the plant at this temperature boll and squares are affected. They concluded that high 

temperature affects the production of Bt toxin in Bt cotton. But when the temperature was below 

38 OCwould enhance the protein level.  They concluded that variable toxin production during the 

square formation is due to high temperature (Jun et al., 2015). Khan et al. (2002) examined the 

role of abiotic factor on the pink bollworm. They studied that infestation of pink bollworm is not 

affected by temperature, relative humidity, and rainfall. They concluded that in October the 

infestation of Pink bollworm was very high. Researchers worked on cotton pests and their enemies. 

They said that major enemies of cotton pests are lady beetle, white lady bird and spider and their 

number compared with the number of insects’ pest of cotton increases during June to October. 

They eliminate during October mid (Ashfaq et al., 2011). Dean et al., (1982) studied the presence 

of different species of spiders, their presence, number and allocation on plant parts. They 

concluded that web produced by spiders were present on the middle portion of the plant. While 

ambushing spiders present at the upper portion of plant, and hunting spiders were found in pitfall 

trap. They concluded that web forming spiders are higher in number than the hunting one in wet 

cool season, in a hot dry season, number of hunting spiders are more. Yeates et al. (2010) 

investigated that if the cotton was grown in dry season then many insects’ pest did not attack. They 

studied that location of bolls related to lint yield, while if the position of bolls is changed it will 

result in growing season increased. They concluded that sowing of cotton during the dry season 

got double object i.e. high yield and no rain at maturity of bolls. Dhillon and Sharma (2008) 

investigated the effect of environmental condition on the host activity and biological control agent. 

Temperature range for the survival of the chewing pest was <12oC and >35oC. They studied that 

post embryonic development period was negatively and significantly related with the increase in 

temperature. Whereas, more days were required for the completion of life cycle at low temperature. 
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Further they proposed that 2.5 times more days required at 18oC than 27oC and parasitic condition 

prolonged to 6 days at 23 oC that indicated that temperature fluctuation had prominent effect on 

parasitic development. Both male and female gained weight at 18 and 27 oC than at constant 

conditions. They concluded that temperature was playing an influential role on the development 

of chewing pest. Arthropod might be the good indicators of changes in environmental condition 

than the vertebrates (Kumar et al., 2016). Climatic change and pollution result in decreased number 

of predators, decomposers and finally increased herbivory by the insects. They concluded that 

increased temperature potentially show impact on insect survival, population size, physiology and 

geographical range. Global warming had changed the range of environmental conditions that 

impact different pests of different crops. Population fluctuation of chewing pests and 

environmental factors like as temperature and humidity was studied by Amjad et al. (2016). They 

observed that bollworms were present throughout the year during the research, while highest 

number of pests was seen during the August and October with 32.73 oC maximum temperature, 

23.78oC minimum temperature, 24.24 oC was average temperature recorded during these months. 

Humidity during these months was 66%, 75% and 79.27% was also observed by the researchers. 

None of the weather factors was significantly correlated with the pest population. Yamaguchi et 

al. (2001) investigated the effect of rise in temperature on different species of arthropods. Average 

2o C rise in temperature was observed by them since 1960-1998, because of the rise in temperature 

earlier emergence of pest larvae were seen. They perceived that if temperature was less than 10oC 

then pest development approaches to zero. Chewing pest then appeared in spring. They concluded 

a positive correlation between the number of males and the temperature. Impact of temperature on 

egg hatching percentage and incubation period of Helicoverpa armigera was studied by Dhillon 

and Sharma (2007). They observed that egg hatching percentage and period of incubation were 

significantly influenced by age of egg, temperature at which it was stored, and duration of storage, 

while range of hatching were 0.0 to 96.8%. Furthermore, they observed that eggs did not hatch 

when they stored at 0oC.  They concluded that age of the egg, temperature duration and storage 

duration was very much effective in hatching of eggs. Effect of environmental temperature on the 

development, survival of field and laboratory types of H. armigera was investigated by Dhillon 

and Sharma (2008).  They observed that post development period had a negative (r = -0.99) and a 

positive (r = 0.99) association with an increase in temperature. They studied that non-predator was 

survived in H. armigera when they were cultivated at 12-35oC. They concluded that increased 

temperature due to global warming was fatal for the survival and development of intermediate 
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stages of the predator. Laboratory strains show better survival and adults were having longer life 

span as compared to field strains.  Kalyebi et al. (2005) used six different temperature and two 

relative humidity levels to evaluate the effect of temperature and humidity on Trichogramma and 

trichgrammatoidea which were recovered from H. armigera. For this purpose, they collected 

different individuals from low, high and medium altitude. They observed that humidity and 

temperature affected reproduction and parasitic ability. They concluded that highest parasitism 

was observed at 25-30 oC while production rate was increased at low humidity level. Qiu et al. 

(2007) examined the effect of temperature on the life of predator of insect pests of cotton. They 

observed 59.3% eggs showed complete development at 20oC, percentage increased to 71.5% at 26 

oC, while female need 10.8 days at 20 oC and 5.2 days at 32 oC. Total number of individuals 

produced by every female was 25.7 at 32 oC and 41.1 at 20 oC. They concluded that temperature 

range was 26-32 oC to reach its maximum potential temperature. Mortality factor and population 

dynamics of Army worm by the environmental factors were studied by the researchers. They 

observed that larvae appeared in the first week of June and reached to its maximum in September. 

Maximum, minimum relative humidity and rain fall were positively associated with the production 

of moths, while solar radiation, maximum temperature, wind velocity and sun shine hours had 

negative correlation with moth number (Sharma et al., 2002). Reddy (2013) investigated that 

activity of human being will induced the climatic change results in global warming and it plays a 

significant role on insect pests. As a result of climatic change geographical distribution of insect’s 

pests were also changed. Predators were also changed due to the changing environmental 

conditions. Effect of adverse climatic conditions on the survival of Helicoverpa armigera was 

studied by Yuan et al. (2012). They studied the relative humidity, extreme temperature and 

different stresses on the Bt cotton and critical developmental stages of insects’ pests of cotton. 

They observed that bolls production was significantly affected by relative humidity and extreme 

temperature. They concluded that extreme temperature i.e. 35-40 oC and minimum temperature 

i.e. 15-20 oC, seriously damage not only Bt toxin production but also boll damage, while humidity 

level was 85-95% and 40-55% respectively. Kiritani (2013) studied the effect of changing 

environmental condition on the population dynamics of insect pests of cotton. He investigated that 

due to global warming over winter survival, number of generations, and increase in the length of 

reproductive season. Response of different insects to the environmental conditions was different 

and same is for their predators. Mostly insects were vulnerable to temperature ranges from 28-32 

oC. Impact of relative humidity and temperature on the predators of the chewing pests were 
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investigated by Akpassam et al. (2016) who used five different temperature i.e. 20, 25, 30, 35, 40 

oC and six relative humidity levels i.e. 40, 50, 60, 70, 80 and 90%. Observation showed that egg 

laying and adult emergence were less at 20oC with 90% relative humidity. The influence of 

ecological factors on the Spodoptera litura was discussed in this study. Three types of cotton were 

chosen for the current study. The Sowing dates for these types of cotton were selected from 1st 

February to 1st March. It was observed that the population of S. litura was increased from 1st week 

of April and got its maximum value in the 1st week of May respectively. Maximum value of S. 

litura was obtained at the temperature range of 26.0°C to 35.1°C. The other related parameters 

such as zero rainfall, humidity (from 89 and 62%), total sunshine hours (64.6 hrs/week), wind 

velocity (6.2 km/hr), evaporation (53.20 mm) and dewfall (0.161 mm) were noticed for these types 

of cotton. The current study will be important for the management of pests and also for forecasting 

outbreaks of S. litura (Selvaraj. 2010). 
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3.3  MATERIALS AND METHODS 

This study was performed to underline the effects of various meteorological factors (temperature, 

humidity, wind speed etc.) on population and egg counts of different cotton bollworms in four 

selected sites of Southern Punjab in Pakistan where cotton is commonly grown in fields. Cotton is 

normally sown in the beginning of the spring season (February to April) and harvested in October 

and November on flat beds. Government of the Punjab has recommended some varieties for 

sowing in these areas including Bt verities (IUB-33, MNH-988, Lalazar, Sitara) and Non Bt 

varieties (NIAB Non-Bt). Various types of pests appear in the crops including chewing pests 

known as bollworms (American, pink, spotted). There populations increase with the passage of 

time and also fluctuate depending upon the availability of resources like feed & space and 

environmental conditions and meteorological factors. 

3.3.1 Experimental Site 

This experiment was conducted at four sites namely Multan, Khanewal, Muzaffar Garh, 

Kabirwala. These areas are part of province of Punjab and located near to each other with minor 

land topographies and geographical positions given as: 

Location Coordinates Altitude Area 

Multan 30o 05’ N 71o 40’ E 124 m 3721 Km2 

Muzaffar Garh 30o 4’ 13” N 71o 11’ 36” E 122 m 8435 Km2 

Khanewal 30°18'0N 71°55'0E 128 m 4349 Km2 

Kabir Wala 30°20'10"N 70°43'30" E 112 m 4150 Km2 

  

3.3.2 Collection of data 

The data contained variables like egg cunts and adult counts of American, pink and spotted 

bollworms. Eggs and adults of these chewing pests were counted with ten days interval from April 

to October during three years study spanning 2014 to 2016. Meteorological parameters 

(temperature, humidity and wind speed) data were obtained from meteorological data bases 

containing meteorological data of these sites. The present research work was performed to know 

the impact of chewing worms like (American, Pink and Spotted) bollworms on Bt and Non-Bt 

cotton in different areas of Southern Punjab i.e. Multan, Khanewal, Muzaffar Garh and Kabirwala.  
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3.3.3 Sampling 

For seed planting, cotton raised beds were made. Number of chewing worms from ten randomly 

selected cotton fields of research area were counted from sowing to harvesting of cotton crop since 

2014-2016. Cotton bolls were collected and transferred to laboratory, where they were incubated 

for seven days and PBW were counted. While ABW were physically observed and counted on 

cotton plants in the study area.  

3.3.4 Analysis of data 

The data were collected and entered into MS Excel spreadsheet. After editing, the data were 

checked for inconsistencies. Normality of data was tested by using Shapiro-Wilk test. Then this 

data on egg and adult counts were analyzed by applying one-way analysis of variance using 

temperature, humidity and wind speed as fixed effects to test their significance using F test. The 

means of these factors were separated using LSD test at 5% level of significance. The software 

that was used for data analysis was Statistix version 8.1. 
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3.4  RESULTS 

3.4.1 Analysis of variance of egg count of boll worms in Multan 

Analysis of variance of egg count of American bollworm (Table 3.4.1) showed that it was non-

significantly affected by humidity level (P>0.05), temperature (P>0.05) and wind speed (P>0.05). 

In case of pink bollworm, egg count was non-significantly different for humidity level, temperature 

and wind speed (P>0.05). Egg count of spotted boll worm presented that environmental factors 

(humidity level, temperature, and wind speed) showed their non-significant influence on this 

parameter in Multan. Comparison of means for egg counts ABW, PBW and SBW are given in 

Tables 3.4.5 to 3.4.7, respectively. 

3.4.2 Analysis of variance of adult count of boll worms in Multan 

Analysis of variance of adult population count of American bollworms (ABW) (Table 3.4.1) in 

cotton fields of Multan showed that humidity level, temperature and wind speed could not affect 

it significantly (P>0.05). Similar ANOVA results were obtained in cases of Pink bollworm (PBW) 

and Spotted bollworms (SBW) where humidity level, temperature and wind speed showed non-

significantly effects on adult counts as shown in Table 3.4.1.  Comparison of means for adult 

counts ABW, PBW and SBW are given in Tables 3.4.2 to 3.4.4, respectively. Comparison of 

means for adult count of ABW (Table 3.4.2 & Figure 3.4.1) showed that the count of adult ABW 

was highest when temperature was above 40 oC and least when it fell below 25 oC (Table 3.4.2 & 

Figure 3.4.1). The adult count of ABW was highest when humidity rose above 50%. At below 

20%, ABW adult count was the least (Table 3.4.2 & Figure 3.4.2). ABW adult count was highest 

when wind speed crossed 32 km/hr. This count was least at 24-32 level (Table 3.4.2 & Figure 

3.4.3). A humidity of less than 20% showed highest adult count of PBW in Multan (Table 3.4.3 & 

Figure 3.4.3). It was least when humidity increased than 50%.  Adult count of PBW was highest 

and lowest at temperatures less than 20 oC and above 40 oC, respectively (Table 3.4.3 & Figure 

3.4.3). The highest and least adult count of PBW was found a wind 16-24 and 24-32 km/hr speed 

levels, respectively (Table 3.4.3 & Figure 3.4.3). The highest adult count of SBW was found at 

humidity level of below 20% and lowest count was observed at 40-50 % humidity in Multan (Table 

3.4.4 & Figure 3.4.2). The maximum adult SBW count was seen below 25 oC and minimum at 

above 40 oC in cotton fields of Multan (Table 3.4.4 & Figure 3.4.1). Similarly, for wind speed, 

highest adult count of SBW was observed at above 32 and lowest at 24-32 level in Multan (Table 

3.4.4 & Figure 3.4.3). Comparison of means of egg count of ABW found in cotton varieties of 
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Multan (Table 3.4.5 & Figure 3.4.4) showed that the highest and lowest egg count of ABW was 

observed at 40-50% and less than 20 % humidity levels respectively (3.4.5 & Figure 3.4.5). Egg 

count of ABW was highest at above 40 oC and lowest at 30-35 oC temperature in Multan (Table 

3.4.5 & Figure 3.4.4). The lowest and highest egg count of ABW was seen at wind speed ranging 

from 24-32 and above 32, respectively (Table 3.4.5 & Figure 3.4.6). The highest and lowest egg 

count of PBW was observed at 30-40 and above 50% humidity level in Multan (Table 3.4.6 & 

Figure 3.4.5). For temperature, the lowest and highest egg count of PBW was observed at 35-40 

oC and less than 25 oC in Multan (Table 3.4.6 & Figure 3.4.4). The maximum and minimum egg 

count of PBW was seen at above 32 and 24-32 km/hr wind speed levels in Multan respectively 

(Table 3.4.6 & Figure 3.4.6). The highest and least egg count of SBW was observed at 40-50% 

and less than 20% humidity levels, respectively (Table 3.4.7 & Figure 3.4.5). Similarly, maximum 

and minimum egg number of SBW was found at above 40oC and 25-30 oC, in Multan respectively 

(Table 3.4.7 & Figure 3.4.4). For wind speed maximum and minimum egg count of SBW was seen 

at 8-16 and less than 8, respectively in Multan (Table 3.4.7 & Figure 3.4.6). 

Table 3.4.1: Analysis of Variance Table for average number of eggs of different bollworms 

present on cotton in Multan 

Variables Humidity Temperature Wind speed 

F P F P F P 

Egg ABW 0.26 0.9048 0.19 0.9428 0.36 0.8339 

Egg PBW 0.31 0.8681 0.12 0.9741 0.13 0.9704 

Egg SPW 0.23 0.9228 0.18 0.9472 0.10 0.9831 

Adult ABW 0.19 0.9455 0.23 0.9221 0.20 0.9390 

Adult PBW 0.30 0.8768 0.27 0.8986 0.44 0.7817 

Adult SBW 0.23 0.9210 0.33 0.8572 0.19 0.9456 

 

Table 3.4.2: Means (±S. E) number of adult American bollworms for different humidity 

levels, temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 5.11A±2.545 > 25 6.17AB±2.345 > 8 9.02A±0.899 

20 – 30  8.91A±1.470 25 – 30 8.32AC±1.799 8 – 16 8.76A±0.805 

30 – 40  9.99A±1.238 30 – 35 7.94AC±1.118 16 – 24  8.89A±2.545 

40 – 50  9.04A±1.039 35 – 40 9.11AD±0.962 24 – 32  5.99A±1.523 

< 50 10.42A±2.039 < 40 11.94AB±1.039 < 32 10.82A±2.642 

Means bearing different letters are significantly different from each other 
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Table 3.4.3: Means (±S. E) number of adult Pink bollworms for different humidity levels, 

temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 18.46A±2.615 > 25 20.18A±2.615 > 8 12.17A±0.924 

20 – 30  13.71AB±1.510 25 – 30  13.49B±1.849 8 – 16 13.79A±0.827 

30 – 40  12.52AB±1.169 30 – 35 13.37B±1.169 16 – 24  15.88A±2.615 

40 – 50  13.65B±1.067 35 – 40  11.20BC±0.988 24 – 32  10.82A±2.615 

< 50 8.53C±1.067 < 40  8.63C±1.067 < 32 14.19A±2.615 

Means bearing different letters are significantly different from each other 

Table 3.4.4: Means (±S. E) number of adult Spotted bollworms for different humidity levels, 

temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 10.36A±1.973 > 25 9.87A±1.973 > 8 5.97A±0.698 

20 – 30  6.86AB±1.139 25 – 30  6.22AB±1.395 8 – 16 6.31A±0.624 

30 – 40  6.27AB±0.882 30 – 35 7.34ABC±0.882 16 – 24  6.74A±1.973 

40 – 50  4.39B±0.906 35 – 40  5.28BC±0.746 24 – 32  4.52A±1.773 

< 50 4.67B±0.826 < 40  3.84C±0.806 < 32 9.00A±1.853 

Means bearing different letters are significantly different from each other 

Table 3.4.5: Means (±S. E) number of eggs American bollworms for different humidity levels, 

temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 3.56B±4.329 > 25 8.76A±4.329 > 8 5.89AC±1.537 

20 – 30  7.23B±2.499 25 – 30 9.52A±3.061 8 – 16 8.76AB±1.374 

30 – 40  11.78AB±1.962 30 – 35 6.48A±1.949 16 – 24 8.22AB±4.329 

40 – 50  13.98A±1.767 35 – 40 8.84A±1.636 24 – 32 4.73AB±3.329 

< 50 7.81B±2.767 < 40 10.75A±1.777 < 32 16.75B±4.229 

Means bearing different letters are significantly different from each other 

Table 3.4.6: Means (±S. E) number of eggs Pink bollworms for different humidity levels, 

temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 9.11ABC±5.126 > 25 13.74A±5.126 > 8 8.99A±1.813 

20 – 30  8.40BC±2.959 25 – 30 11.64A±3.625 8 – 16 10.93A±1.621 

30 – 40  14.49AB±2.293 30 – 35 11.65A±2.293 16 – 24 10.09A±5.126 

40 – 50  15.80A±2.093 35 – 40 8.08A±1.938 24 – 32 8.77A±4.126 

< 50 8.25C±2.193 < 40 10.95A±2.093 < 32 17.28A±5.827 

Means bearing different letters are significantly different from each other 

 



 
111 

 

Table 3.4.7: Means (±S. E) number of eggs Spotted bollworms for different humidity levels, 

temperature and wind speeds in Multan  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 1.30AC±4.455 < 25 3.24A±4.455 < 8 4.09A±1.575 

20 – 30  1.74AB±2.573 25 – 30 2.14A±3.149 8 – 16 6.21A±1.409 

30 – 40  6.44AB±1.992 30 – 35 7.13A±1.992 16 – 24 5.38A±1.455 

40 – 50  8.74B±1.819 35 – 40 5.90A±1.684 24 – 32 5.17A±3.462 

> 50 7.75AB±1.817 > 40 7.57A±1.817 > 32 5.13A±4.455 

Means bearing different letters are significantly different from each other 
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Figure 3.4.3: Average number of adult of different bollworms at 

different wind speeds in Multan
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3.4.3 Analysis of variance of egg count of cotton bollworms in Khanewal 

The analysis of variance of average egg count of ABW found in cotton fields of Khanewal showed 

that humidity, temperature and wind speed had non-significant effects on average number of eggs 

of ABW in Khanewal (Table 3.4.8). The ANOVA for mean egg count of PBW in cotton crops of 

Khanewal presented that humidity, temperature and wind speed could not influence this parameter 

significantly (P>0.05) as shown in Table 3.4.8. In case of spotted bollworm, similar situation was 

observed. Humidity, temperature and wind speed showed non-significant (P>0.05) differences for 

this variable (Table 3.4.8). 

 3.4.4 Analysis of variance of adult count of cotton bollworms in Khanewal 

Analysis of mean adult count of ABW (Table 3.4.8) depicted that this variable showed that 

environmental factors (humidity, temperature and wind speed) could not influence this variable 

significantly (P>0.05) respectively in Khanewal. Humidity, temperature and wind speed could not 

exert their significant (P>0.05) influences on average adult count of different cotton bollworm 

(PBW and SBW) as given in Tables 3.4.9 and 3.4.11, respectively, in Khanewal district. 

Comparison of means for number of adults ABW present on cotton showed that highest and least 

mean numbers of adult ABW were found at below 20 % and 20-30% humidity, 30-35 oC and 

above 40 oC temperature and 24-32 and less than 8 km/hr wind speeds (Table 3.4.9) respectively. 

In case of PBW, highest and lowest average number of adults were noted at above 50% & 20-30% 

humidity level (Table 3.4.10), 35-40 oC & above 40 oC temperature and 16-24 & above 32 km/hr 

wind speeds (Table 3.4.10), respectively. Highest mean numbers of adult of SBW were found at 

above 40% humidity (Table 3.4.11) 25-30 oC temperature (Table 3.4.11) and less than 8 km/hr 

wind speed (Table 3.4.11). The least count of adult SBW was noted at 20-30% humidity, below 
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25 oC temperature and above 32 wind speed respectively (Tables 3.4.11). Highest average number 

of eggs of ABW, was present at above 50% humidity (Table 3.4.12), 35-40 oC temperature (Table 

3.4.12), and 16-24 km/hr wind speed (Table 3.4.12). The lowest egg count of ABW was recorded 

at less than 20% humidity, 25-30 oC temperature and above 32 km/hr wind speeds as shown in 

Table 3.4.12. Lowest and high average egg counts of PBW of cotton in Khanewal were observed 

at above 50% & 20-30% humidity level, above 40 oC & below 25 oC temperatures and less than 8 

and 24-32 km/hr wind speeds, respectively as given in Table 3.4.13. Average number of eggs of 

SBW was found highest and lowest at below 20% & 40-50% humidity (Table 3.4.14), below 25 

oC & above 40 oC temperatures (Table 3.4.14), and above 32 and 8-16 wind speed (Table 3.4.14) 

respectively in Khanewal cotton fields. These differences are presented in Figure 3.4.7 to 3.4.12. 

 

Table 3.4.8: Analysis of Variance Table for average number of eggs of different bollworms 

present on cotton in Khanewal 

 Variables Humidity Temperature Wind speed 

F P F P F P 

Egg ABW 0.11 0.9777 0.15 0.9646 0.32 0.8621 

Egg PBW 0.62 0.6502 0.32 0.8634 0.37 0.8282 

Egg SPW 0.03 0.9983 0.03 0.9980 0.02 0.9993 

Adult ABW 0.11 0.9778 0.00 1.000 0.04 0.9969 

Adult PBW 0.07 0.9916 0.04 0.9974 0.58 0.6739 

Adult SBW 0.06 0.9924 0.17 0.9537 0.10 0.9828 

 

Table 3.4.9: Means (±S. E) number of adult American bollworms for different humidity 

levels, temperature and wind speeds in Khanewal  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 13.34A±3.437 > 25 10.34A±5.953 > 8 9.93A±1.403 

20 – 30  9.80A±1.883 25 – 30 10.72A±3.437 8 – 16 10.38A±1.052 

30 – 40  10.42A±1.591 30 – 35 10.77A±1.403 16 – 24 10.28A±2.250 

40 – 50  9.91A±1.331 35 – 40 10.51A±1.168 24 – 32 11.84A±2.662 

< 50 9.29A±1.488 < 40 10.43A±1.537 < 32 10.33A±5.953 

Means bearing different letters are significantly different from each other 
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Table 3.4.10: Means (±S. E) number of adult Pink bollworms for different humidity levels, 

temperature and wind speeds in Khanewal  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

> 20 18.96A±3.951 > 25 18.29A±6.844 > 8 17.54A±1.613 

20 – 30  16.97A±2.164 25 – 30 18.33A±3.951 8 – 16 18.24A±1.209 

30 – 40  17.48A±1.829 30 – 35 18.50A±1.613 16 – 24 22.98A±2.587 

40 – 50  18.13A±1.530 35 – 40 18.59A±1.342 24 – 32 16.30A±3.061 

< 50 19.31A±1.711 < 40 17.13A±1.767 < 32 15.79A±6.844 

Means bearing different letters are significantly different from each other 

Table 3.4.11: Means (±S. E) number of adult Spotted bollworms for different humidity levels, 

temperature and wind speeds in Khanewal  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 6.23A±2.337 > 25 4.37A±4.047 > 8 6.57A±0.954 

20 – 30  5.13A±1.279 25 – 30 6.89A±2.337 8 – 16 6.19A±0.715 

30 – 40  5.51A±1.082 30 – 35 4.98A±0.954 16 – 24  5.14A±1.529 

40 – 50  5.70A±0.905 35 – 40 6.01A±0.794 24 – 32  6.23A±1.809 

> 50 6.44A±1.012 < 40 6.77A±1.045 < 32 4.89A±4.047 

Means bearing different letters are significantly different from each other 

Table 3.4.12: Means (±S. E) number of eggs American bollworms for different humidity 

levels, temperature and wind speeds in Khanewal  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 5.77A±2.211 > 25 6.38A±3.829 > 8 6.77A±0.903 

20 – 30  6.94A±1.211 25 – 30 5.56A±2.211 8 – 16 7.74A±0.677 

30 – 40  6.18A±1.024 30 – 35 6.70A±0.903 16 – 24  8.18A±1.448 

40 – 50  6.79A±0.856 35 – 40 7.67A±0.751 24 – 32  5.58A±1.713 

> 50 7.47A±0.958 < 40 6.84A±0.989 < 32 4.89A±3.829 

Means bearing different letters are significantly different from each other 

Table 3.4.13: Means (±S. E) number of eggs Pink bollworms for different humidity levels, 

temperature and wind speeds in Khanewal  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 11.22AB±1.991 > 25 11.76±3.449 > 8 8.99A±0.813 

20 – 30  12.23A±1.091 25 – 30 11.11±1.991 8 – 16 10.69A±0.610 

30 – 40  9.21B±0.922 30 – 35 10.47±0.813 16 – 24 10.18A±1.304 

40 – 50  9.15B±0.771 35 – 40 8.89±0.676 24 – 32 10.39A±1.542 

> 50 8.26B±0.862 < 40 7.79±0.891 < 32 9.81A±3.449 

Means bearing different letters are significantly different from each other 
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Table 3.4.14: Means (±S. E) number of eggs of Spotted bollworms for different humidity 

levels, temperature and wind speeds in Khanewal 

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 5.97A±2.482 < 25 5.99A±4.2997 < 8 5.634A±1.013 

20 – 30  5.48A±1.360 25 – 30 5.08A±2.482 8 – 16 5.16A±0.760 

30 – 40  5.46A±1.149 30 – 35 5.76A±1.013 16 – 24  5.31A±1.625 

40 – 50  4.91A±0.961 35 – 40 5.45A±0.843 24 – 32  5.23A±1.923 

> 50 5.25A±1.075 > 40 4.80A±1.110 > 32 5.75A±4.299 

Means bearing different letters are significantly different from each other 
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Figure 3.4.9: Average number of adult of different bollworms at 

different temperature levels in Khanewal 
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3.4.5 Analysis of variance of egg count of bollworms in Muzaffar Garh 

The ANOVA (Table 3.4.15) for egg count of ABW in cotton fields of Muzaffar Garh showed that 

humidity level, temperature and wind speed could not put significant (P>0.05) influence on this 

variable in this region. Humidity level, temperature and wind speed showed non-significant 

differences for average egg count of PBW in Muzaffar Garh (Table 3.4.15). In case of spotted 

bollworm same situation was observed. Humidity level, temperature and wind speed had non-

significant effects on egg count of SBW (Table 3.4.15). 

3.4.6 Analysis of variance of adult population count of bollworms in Muzaffar Garh 

In case of average number of adults of ABW, temperature, humidity level and wind speed showed 

non-significant (P>0.05) influences on this variable (Table 3.4.15). Similarly, average number of 

adults of PBW and SBW both were affected non-significantly by temperature, humidity level and 

wind speed (P>0.05). Comparison of means of average number of adults and egg counts of ABW, 

PBW and SBW for different environmental parameters is given in Table 3.4.16 to 3.4.18. Highest 

and least mean numbers of adults of ABW were obverted at humidity levels of 20-30% and below 

20% (Table 3.4.16), at temperature ranges of 30-35 oC and 25-30 oC (Table 3.4.16) and wind 

speeds of 24-32 and 16-24 km/hr (Table 3.4.16), respectively in cotton fields of Muzaffar Garh 

district. For humidity levels maximum and minimum average counts of adult PBW were noted at 

above 50% and below 20% (Table 3.4.17). Highest and least mean count of PBW were present at 

35 to above 40 oC and 30-35 oC temperature ranges, respectively (Table 3.4.17) for wind speeds, 

the maximum number of adult PBW were noted at 24-32 and minimum at 16-24 km/hr (Table 

3.4.17). The highest and least average counts for adult SBW were seen at less than 20% and 20-
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Figure 3.4.12: Average number of eggs of different bollworms at 
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30% humidity level (Table 3.4.18) respectively. Highest count of SBW was noted for less than 25 

oC and 35-40 oC temperature. Least adult count of SBW was observed at 25-30 oC range (Table 

3.4.18). For wind speeds, the highest and least counts of adult SBW were seen at less than 8 and 

above 32, respectively (Table 3.4.18). The highest and least numbers of eggs of ABW were found 

at 30-40% and above 50% humidity levels (Table 3.4.19), less than 25 oC and 30-35 oC 

temperatures (Table 3.4.19) respectively and 24-32 and above 32 km/hr wind speed ranges (Table 

3.4.19) in cotton fields of Muzaffar Garh districts. In case of PBW, the maximum and minimum 

egg counts for humidity levels, temperatures ranges and wind speed were found, respectively as:  

above 50% and less than 20% humidity (Table 3.4.20), 30-35 oC and 25-30 oC temperatures Table 

3.4.20) and less than 8 and above 32 km/hr wind speed (Table 3.4.20). The highest average egg 

counts of SBW were noted at 30-40% humidity, less than 25 oC temperature and 24-32 km/hr wind 

speed as given in Table 3.4.21, respectively. Respective least counts were noted at below 20% 

humidity, 30-35 oC temperature and above 32 km/hr wind speed as given in the previous tables, 

respectively. 

Table 3.4.15: Analysis of Variance table for average number of eggs of different bollworms 

present on cotton in Muzaffar Garh 

 Variables Humidity Temperature Wind speed 

F P F P F P 

Egg ABW 0.24 0.9168 0.01 0.9978 0.30 0.8779 

Egg PBW 0.36 0.8394 0.08 0.9704 0.37 0.8286 

Egg SPW 0.15 0.9612 0.01 0.9983 0.09 0.9855 

Adult ABW 0.32 0.8644 0.13 0.9408 0.12 0.9751 

Adult PBW 0.19 0.9456 0.21 0.8873 1.06 0.3782 

Adult SBW 0.04 0.9962 0.05 0.9832 0.13 0.9713 

 

Table 3.4.16: Means (±S. E) number of adult American Boll Worms for different humidity 

levels, temperature and wind speeds in Muzaffar Garh 
Humidity (%) Mean±SE Temperature oC Mean±SE Wind speed Mean±SE 

< 20 6.32A±2.191 > 25 8.36A±1.656 > 8 8.59A±1.005 

20 – 30 10.26A±1.656 25 – 30 7.70A±1.132 8 – 16 8.70A±0.814 

30 – 40 9.54A±1.215 30 – 35 9.16A±0.828 16 – 24 7.30A±1.386 

40 – 50 8.43A±0.956 35 – 40 8.75A±1.215 24 – 32 9.05A±2.191 

> 50 7.92A±1.033 < 40 9.05A±0.815 < 32 8.82A±4.382 

Means bearing different letters are significantly different from each other 
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Table 3.4.17: Means (±S. E) number of adult Pink bollworms for different humidity levels, 

temperature and wind speeds in Muzaffar Garh  
Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 12.74A±2.2494 > 25 15.27A±1.700 > 8 16.49±1.032 

20 – 30  14.79A±1.7004 25 – 30  13.85A±1.162 8 – 16 15.59±0.835 

30 – 40  13.49A±1.2478 30 – 35 13.00A±0.850 16 – 24  12.72±1.423 

40 – 50  13.58A±0.9817 35 – 40  14.09A±1.248 24 – 32  17.59±2.249 

. 50 15.68A±1.0604 < 40  14.93A±1.248 < 32 7.88±4.499 

Means bearing different letters are significantly different from each other 

Table 3.4.18: Means (±S. E) number of adult Spotted bollworms for different humidity levels, 

temperature and wind speeds in Muzaffar Garh 
Humidity 

(%) 

Mean±SE Temperature oC Mean±SE Wind 

speed 

Mean±SE 

< 20 4.44A±1.396 > 25 4.45A±1.056 > 8 4.73A±0.6407 

20 – 30  3.89A±1.056 25 – 30  3.91A±0.721 8 – 16 3.97A±0.5186 

30 – 40  4.02A±0.775 30 – 35 3.76A±0.528 16 – 24  3.93A±0.8831 

40 – 50  4.21A±0.609 35 – 40  4.46A±1.056 24 – 32  4.07A±1.3963 

> 50 3.48A±0.658 < 40  4.40A±1.051 < 32 3.33A±2.7927 

Means bearing different letters are significantly different from each other 

Table 3.4.19: Means (±S. E) number of eggs American bollworms for different humidity 

levels, temperature and wind speeds in Muzaffar Garh 
Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 6.05A±2.016 > 25 6.99A±1.524 > 8 6.78A±0.9252 

20 – 30  7.12A±1.524 25 – 30 6.74A±1.041 8 – 16 6.64A±0.7488 

30 – 40  7.60A±1.119 30 – 35 6.56A±0.762 16 – 24 6.51A±1.2752 

40 – 50  7.75A±0.880 35 – 40 6.98A±1.119 24 – 32 9.47A±2.0163 

> 50 5.58A±0.951 < 40 6.84A±0.989 < 32 4.70A±4.0327 

Means bearing different letters are significantly different from each other 

Table 3.4.20: Means (±S. E) number of eggs Pink bollworms for different humidity levels, 

temperature and wind speeds in Muzaffar Garh 
Humidity (%) Mean±SE Temperature oC Mean±SE Wind speed Mean±SE 

< 20 5.17±1.941B > 25 7.92±1.468A > 8 9.69±0.891A 

20 – 30  7.53±1.468AB 25 – 30 7.61±1.003A 8 – 16 8.88±0.721A 

30 – 40  8.92±1.077AB 30 – 35 8.59A±0.734A 16 – 24 8.82±1.228A 

40 – 50  8.81±0.847AB 35 – 40 7.86±1.077A 24 – 32 9.34±1.941A 

> 50 9.53±0.915A < 40 7.79±0.891A < 32 3.24±3.883A 

Means bearing different letters are significantly different from each other 



 
121 

 

 

 

Table 3.4.21: Means (±S. E) number of eggs Spotted bollworms for different humidity levels, 

temperature and wind speeds in Muzaffar Garh 
Humidity (%) Mean±SE Temperature 

oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 3.28±1.796A < 25 1.36±4.609A < 8 5.07±0.824A 

20 – 30  4.89±1.357A 25 – 30 0.93±4.676A 8 – 16 5.01±0.669A 

30 – 40  5.63±1.004A 30 – 35 0.68±4.916A 16 – 24 5.11±1.136A 

40 – 50  5.38±0.784A 35 – 40 1.01±5.146A 24 – 32 6.06±1.796A 

> 50 5.01±0.846A > 40 1.05±4.946A > 32 2.95±3.591A 

Means bearing different letters are significantly different from each other 
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Figure 3.4.15: Average number of adult of different bollworms at 

different wind speed levels in Muzaffar Garh 
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Figure 3.4.16: Average number of eggs of different bollworms at 

different temperature level in Muzaffar Garh 
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3.4.7 Analysis of egg count of cotton bollworms in Kabirwala 

The analysis of variance for egg count of ABW (Table 3.4.25) showed non-significant differences 

for humidity level, temperature and wind speed on this parameter in Kabirwala district. The 

ANOVA for egg count of PBW also showed similar results where humidity, temperature and wind 

speed had non-significant (P>0.05) effects on egg count of PBW (Table 3.4.25). Average count of 

SBW presented that humidity, temperature and wind speed had non-significant effects on egg 

count of SBW (Table 3.4.25). 

3.4.8 Analysis of adult count of cotton bollworms in Kabirwala 

In case of average adult counts of ABW, PBW and SBW, however, humidity levels, temperature 

and wind speed, respectively could not show their significant (P>0.05) influences on adult counts 

of these boll worms in Kabirwala as presented in above mentioned Table 3.4.22. Mean 

comparisons of adult counts of ABW, PBW and SBW are presented in Tables 3.4.23 to 3.4.25, 

respectively. Similarly mean comparison of egg counts of these worms (ABW, PBW and SBW) 

are shown in Table 3.4.26 to 3.4.28, respectively. The highest number of adult ABW, were counted 

at humidity of 30-40%, temperature above 40 oC and wind speed of less than 8 km/hr. The lowest 

numbers of adults of ABW, were seen at 20-30% humidity, 25-30 oC temperature and above 32 

km/hr wind speed as shown in Table 3.4.22.  In case of PBW the highest and lowest counts of 

adults were observed at 40-50% and above 50% humidity (Table 3.4.24), at 25-30 oC and less than 

35 oC temperature (Table 3.4.24) and 8-16 and above 32 km/hr wind speeds (Table 3.4.24) 

respectively. The highest and least average numbers of adults of SBW in cotton fields of Kabirwala 

were noted at 30-40% and 20-30% humidity level (Table 4.25), 25-30oC and less than 25oC 

temperature ranges (Table 3.4.25) and below 8 and above 3 km/hr wind speed ranges (Table 
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3.4.25) respectively. Highest and least mean numbers of eggs of ABW were respectively found at 

humidity ranges of 30-40 % and less than 20% (Table 3.4.26) respectively, temperature ranges of 

above 40oC and 25-30 oC (Table 3.4.26) and wind speed ranges of 16-24 and 24-32 km/hr (Table 

3.4.26). The highest egg count of PBW of cotton was found at 40-50% humidity (Table 3.4.27), 

25-30 oC temperature (Table 3.4.27) and 8-16 km/hr wind speed (Table 3.4.27) respectively. On 

the other side, least count of PBW eggs were noted at below 20% humidity, less than 25oC 

temperature and above 32 wind speed as shown in Table 3.4.27, respectively. Maximum and 

minimum number of eggs of SBW were found at 40-50% and less than 20% humidity levels (Table 

3.4.28), at above 40 oC and 30-35 oC temperatures (Table 3.4.28), and less than 8 and 16-24 km/hr 

wind speed ranges (Table 3.4.28), respectively in Kabirwala cotton fields.  

Table 3.4.22: Analysis of Variance Table for average number of eggs of different bollworms 

present on cotton in Kabirwala 

  

Variables Humidity Temperature Wind speed 

F P F P F P 

Egg ABW 0.36 0.8386 0.35 0.8427 0.15 0.9622 

Egg PBW 0.64 0.6332 0.21 0.9312 0.10 0.9814 

Egg SPW 0.44 0.7772 0.16 0.9594 0.21 0.9354 

Adult ABW 0.20 0.9374 0.23 0.9239 0.41 0.8024 

Adult PBW 0.47 0.7546 0.33 0.8543 0.19 0.9438 

Adult SBW 0.45 0.7710 0.31 0.8695 0.47 0.7568 

 

 

Table 3.4.23: Means (±S. E) number of adult American bollworms for different humidity 

levels, temperature and wind speeds in Kabirwala 

Humidity 

(%) 

Mean±SE Temperature 

(oC) 

Mean±SE Wind 

speed 

Mean±SE 

< 20 8.15±3.0495A < 25 7.83±5.282A > 8 11.39±1.245A 

20 – 30 8.14±1.670A 25 – 30 7.70±3.050A 8 – 16 10.54±0.934A 

30 – 40 11.49±1.412A 30 – 35 9.92±1.245A 16 – 24 10.34±1.996A 

40 – 50 9.49±1.181A 35 – 40 10.10±1.036A 24 – 32 8.02±2.362A 

> 50 10.54±1.321A > 40 12.26±1.364A < 32 7.51±5.282A 

Means bearing different letters are significantly different from each other 
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Table 3.4.24: Means (±S. E) number of adult Pink bollworms for different humidity levels, 

temperature and wind speeds in Kabirwala  

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 15.95±4.286A < 25 13.89±7.423A > 8 17.57±1.750A 

20 – 30  15.11±2.347A 25 – 30 21.97±4.286A 8 – 16 19.14±1.312A 

30 – 40  16.76±1.984A 30 – 35 14.32±1.750A 16 – 24 18.07±2.806A 

40 – 50  17.35±1.660A 35 – 40 14.83±1.456A 24 – 32 17.05±3.320A 

> 50 14.73±1.856A > 40 14.90±1.917A < 32 8.07±7.423A 

Means bearing different letters are significantly different from each other 

Table 3.4.25: Means (±S. E) number of adult Spotted bollworms for different humidity levels, 

temperature and wind speeds in Kabirwala 

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 8.08±2.395A > 25 6.53±4.149A > 8 10.38±0.978A 

20 – 30 7.13±1.312A 25 – 30 11.28±2.395A 8 – 16 9.41±0.733A 

30 – 40 10.12±1.109A 30 – 35 7.62±0.978A 16 – 24 8.42±1.568A 

40 – 50 8.88±0.928A 35 – 40 7.84±0.814A 24 – 32 8.28±1.855A 

> 50 8.44±1.037A < 40 9.39±1.071A < 32 6.16A±4.149A 

Means bearing different letters are significantly different from each other 

Table 3.4.26: Means (±S. E) number of eggs of American Boll Worms for different humidity 

levels, temperature and wind speeds in Kabirwala 

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 4.836±2.943A < 25 6.65±5.0981 < 8 9.20±1.202A 

20 – 30  8.206±1.612A 25 – 30 6.01±2.9434 8 – 16 9.28±0.901A 

30 – 40  8.396±1.363A 30 – 35 7.74±1.2016 16 – 24 10.13±1.927A 

40 – 50  8.078±1.140A 35 – 40 7.51±0.9998 24 – 32 7.25±2.280A 

> 50 9.245±1.275A > 40 10.85±1.3163 > 32 2.90±5.098A 

Means bearing different letters are significantly different from each other 

Table 3.4.27: Means (±S. E) number of eggs of Pink bollworms for different humidity levels, 

temperature and wind speeds in Kabirwala 

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 9.39±2.730A < 25 7.42±4.728A < 8 10.94±1.114 

20 – 30  11.04±1.495A 25 – 30 13.30±2.730A 8 – 16 12.51±0.836 

30 – 40  11.14±1.264A 30 – 35 11.90±1.114A 16 – 24 11.45±1.787 

40 – 50  12.13±1.057A 35 – 40 9.55±0.927A 24 – 32 11.06±2.115 

> 50 11.85±1.182A > 40 13.39±1.221A > 32 9.60±4.728 

Means bearing different letters are significantly different from each other 
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Table 3.4.28: Means (±S. E) number of eggs of Spotted bollworms for different humidity 

levels, temperature and wind speeds in Kabirwala 

Humidity 

(%) 

Mean±SE Temperature 
oC 

Mean±SE Wind 

speed 

Mean±SE 

< 20 5.65±2.575A < 25 7.01±4.459A < 8 9.35±1.051A 

20 – 30  8.51±1.410A 25 – 30 8.91±2.575A 8 – 16 9.03±0.788A 

30 – 40  9.34±1.192A 30 – 35 6.99±1.051A 16 – 24 7.50±1.685 

40 – 50  9.05±0.997A 35 – 40 7.52±0.875A 24 – 32 8.41±1.994A 

> 50 8.41±1.115A > 40 10.52±1.151A > 32 6.66±4.459A 

Means bearing different letters are significantly different from each other 
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different temperature levels in Kabirwala
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3.5  DISCUSSION 

Environmental conditions like temperature, humidity and wind play important role in the 

propagations of pests. As reproduction requires suitable conditions for hatching of eggs hence it 

provides that favorable temperature and humidity level are needed for maximum hatchability. In 

current study, it was explored that temperature, humidity and wind speeds could affect egg counts 

and adult populations of various types of bollworms attacking cotton crops in Southern part of 

Punjab province in order to devise proper remedial programs.  

3.5.1 Effect of temperature, humidity and wind speed on egg counts in Multan 

regions 

Humidity, temperature and wind speeds could not show pronounced impact on ABW egg counts 

in Multan. Intermediate humidity, higher temperature and higher wind speeds appeared to be more 

favoring to egg counts of ABW. Such situations are predominantly prevailing in Multan region, 

hence require a strict monitoring of worm’s eggs to be eliminated to reduce pest load. Egg counts 

of PBW were also non-significantly influenced by these environmental factors. Intermediate 

humidity, lower temperature and higher wind speed were the most suitable situations for higher 

egg numbers of PBW. It is meant that a notable reduction in pest population can be achieved by 

checking PBW egg counts under such situation. Egg numbers of SBW were non-significantly 

differing by changing humidity, temperature and wind speed in Multan. Higher humidity and 

temperatures were more suitable for higher number of eggs of this insect. Yet environmental 
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influence was minimum on these parameters. Environmental conditions of Multan region appeared 

to be more promising for this insect and required special attention. 

3.5.2 Effect of temperature, humidity and wind speed on adult pests population 

in Multan region 

In present findings adult pest populations were also non-significantly influenced by humidity, 

temperature and wind speed. Environmental factors such as temperature, humidity and wind 

speeds seemed to be putting some minor influence on adult counts of chewing pests of cotton. 

Actual situation was very strange when they had non-significant influences on adult counts of 

these pests in Multan. It was surprising to know that this parameter of insects was not depending 

in anyway on these environment factors. On different ranges of temperatures (from 25oC to 40oC) 

the average adult counts of ABW increased gradually showing that higher temperature suited more 

to this. Same situation was observed at different humidity levels where highest average adult count 

was noted at above 50% humidity. It depicted that higher temperature coupled with high humidity 

was more favorable for higher adult counts. Wind speeds also showed that at higher speeds more 

average number of adult of pests were seen on cotton. Here, all these three environmental factors 

favored slightly higher adult counts of ABW at their highest levels. At lower temperature range, 

the adult PBW population was highest that reduced on raising temperature and showed a minimum 

at the highest temperature in Multan. Although non-significant, but a clear effect was noticed on 

adult’s population. Similarly, lowest humidity level appeared to be more favorable for PBW adults. 

Rise in humidity coupled with temperature was not favoring adults of this insect in cotton fields 

of Multan. The changes in adults’ counts were too slight at different wind speeds. Effect of 

temperature, humidity and wind speed on SBW adult’s population was also non-significant but 

lower humidity, lower temperature and higher wind speed levels seemed to be more favorable for 

these parameters of chewing bollworm (SBW). It is suggested that strict monitoring and effective 

control measures for such insects are required to reduce economic losses. 

3.5.3 Effect of temperature, humidity and wind speed on adult pests population 

in Khanewal region 

In Khanewal, the adult count of ABW, PBW and SBW were seemingly not affected by 

environmental conditions. Adult’s population of ABW showed that lower humidity was favorable 
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for it. Different temperatures and wind speeds had similar population sizes of ABW in Khanewal. 

It showed that ABW can propagate easily in this region without being influenced by ambient 

conditions. Similarly, PBW population appeared to be flourishing well at every humidity and 

temperature levels while intermediate wind speed was most suitable for this worm. Prevailing 

environment in Khanewal was highly favoring this situation, hence needed severe concern about 

controlling PBW population. Similar situation was observed in case of SBW that found suitable 

environment in Khanewal but its population was somewhat lesser than the other two types of 

chewing worms of cotton. 

3.5.4 Effect of temperature, humidity and wind speed on egg counts in 

Khanewal region 

Average number eggs of ABW, PBW and SBW were nearly similar at different humidity, 

temperature and wind speed levels showing non-significant effects of these environmental factors. 

Egg count of ABW nearly remained same at different temperature and humidity levels. Minor 

fluctuations were seen for different wind speeds. Lower humidity and temperature with 

intermediate wind speeds were slightly favoring factors for PBW egg counts. Whereas, SBW egg 

counts were least affected by environmental changes. Among the three types of pests, PBW egg 

counts were higher at all levels of humidity, temperature and wind speed showing serious concern 

and required strict monitoring in this region. 

3.5.5 Effect of temperature, humidity and wind speed on adult pests population 

in Muzaffar Garh region 

In Muzaffar Garh, similar situation was prevailing for adult pests as in Khanewal and Multan. 

Non-significant differences for humidity, temperature and wind speed showed no effect of 

environmental factors on adult counts of any of the worms ABW, PBW and SBW. Adult’s number 

of ABW was higher at lower humidity but temperature and wind speed showed similar counts at 

each level. It was seen that adult counts of ABW were free of effect of environmental change and 

can flourish well at any humidity, temperature and wind speed. Lower humidity, temperature and 

slightly higher wind speed was favoring factors for PBW adults. Prevailing environmental 

conditions of Muzaffar Garh suited this insect and hence required strict monitoring. Adult 

population of SBW remained unaffected by humidity, temperature and wind speed in this region. 
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It meant that the insect can propagate well in any environmental situation. In actual situation, its 

population size was minimum among the three types of pest at this site. 

3.5.6 Effect of temperature, humidity and wind speed on egg counts in 

Muzaffar Garh region 

Egg counts of different bollworms were non-affected by any environmental change in Muzaffar 

Garh. Humidity, temperature and wind speed remained ineffective in making any significant 

change on egg counts of ABW, PBW and SBW in this region. Slight reduction in egg counts of 

ABW were noted at higher humidity and wind speed. In case of PBW, higher humidity and lower 

wind speed produced slightly higher numbers as compared to other level though with non-

significant differences. All temperature levels showed similar figures. Egg counts of SBW were 

somewhat higher at highest humidity, and lowest wind speed but the number of eggs was smaller 

than other types of pests in the region at all environmental conditions. The eggs of PBW were seen 

more in number as compared to ABW and SBW at this site. 

3.5.7 Effect of temperature, humidity and wind speed on adult pests population 

in Kabirwala region 

Adult populations of ABW, PBW and SBW remained unaffected by humidity, temperature and 

wind speed in Kabirwala as environment could not produce significant differences. Raising 

humidity level showed slight higher number of ABW adults that were highest at intermediate 

humidities. Increasing temperature also favored this insect populations to a little extent. Increasing 

wind speed levels reduced adult population of ABW gradually. Increasing humidity was suitable 

for PBW adults but high humidity was damaging. Lower temperature near to room temperature 

favored PBW adults but increase in temperature reduced PBW population size in Kabirawala. 

Lower to intermediate wind speeds were favorable for this insect but higher speed was not favoring 

its propagation. Adult of SBW were higher in numbers at intermediate humidity levels and room 

temperature. Increase in wind speed level could not favor adults of SBW in this region. 
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3.5.8 Effect of temperature, humidity and wind speed on egg counts in 

Kabirwala region 

Although egg counts of ABW, PBW and SBW were not affected by environmental factors 

significantly in Kabirwala, rise in humidity and temperature were favorable for higher egg counts 

of these pests. Intermediate wind speed favored but higher wind speed disfavored higher egg 

counts of ABW. Similarly, rise in humidity and temperature were suitable for higher egg counts 

of PBW. Intermediate wind speeds produced slightly higher PBW egg counts. Slight increase in 

humidity and temperature were suitable for more SBW egg counts while lower wind speed yielded 

higher counts of SBW eggs. Egg counts of PBW remained higher at all environmental conditions 

among the three types of pests and remained a question of more concern. 
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CONCLUSIONS 

Although environmental conditions like temperature, humidity and wind speed are important for 

the propagation and flourishing of insect pest yet their levels are more important. It is difficult to 

manage/control them to any extent until and unless in controlled environment. In open 

environmental situation such as field conditions, it is easy to monitor insect pest populations and 

egg counts that are higher at some suitable levels of environmental condition. So, it is suggested 

to understand the most favorable ranges of humidity, temperature and wind speed for different 

insect pests like chewing bollworms of cotton to monitor their egg counts and population as an 

effective pest control program. 
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ABSTRACT 

Predator and prey relationships are important and can be used to manage their populations through 

biological control. The objective of present study was to find relationships between predators and 

preys populations found in cotton crops grown in Southern Punjab, Pakistan. For this purpose, the 

study was planned to collect data on populations of various types of predators and their prey from 

2014 to 2016 from sowing (April) to harvesting (October) of government approved cotton varieties 

cultivated in four districts (Multan, Khanewal, Muzaffar Garh and Kabirwala). The data were 

collected after ten days interval in each place where cotton fields were randomly selected. Two 

types of predators were commonly found namely lady beetles and spiders along with three types 

of chewing pests (American, pink and spotted bollworms). Correlations coefficients were 

computed among population counts of predators and their prey for each district in each year. Most 

of the correlations were significant. It was suggested that correlations can be used to predict prey 

populations from predators’ populations and vice versa and can provide a clue to set up effective 

pest control program. 

Keyword: Pearson correlation, lady beetle, spider, chewing worms, cotton 
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4.1 INTRODUCTION 

Predator population usually depends upon the amount of prey available. Certain predators prefer 

some prey while others can feed on any available prey. Among different kinds of predators, some 

common ones are lady beetles and spider who usually feed on different prey including bollworms 

which are chewing pests including American, pink and spotted bollworms of cotton. Predators are 

those insects that feed on other insects at different phases of life. Predators feed on eggs, larvae or 

pupae or even adults making food chains. Hence these predator’s populations depend upon the 

availability of prey masses. One predator can consume several types of prey. Sometimes predators 

are specific for prey. But commonly this specificity is rare as certain type of prey never appear in 

abundance. Predators can be called as biological hunters and usually bigger in size than their prey. 

The correlations between the predator and prey populations are important in depicting population 

of predators. Pests are insects causing huge economic losses to cotton crops in Pakistan amounting 

20-30% every year (Sattar et al., 2011). This amount of loss due to insects not only discourages 

farming community but also hinders export of cotton and cotton products along with affecting the 

quality of cotton. Relationships among pest prey and predator populations are determined by 

statistical means using correlation and regression techniques. Correlations depict strength of 

relationship while regression gives dependence of one population over the other. Population of 

prey can be used as independent variable and predator’s population as dependent one to estimate 

prediction equations. The linear relationship between predator and prey population is used to 

predict population of any one of them as prey population can be used to predict predator’s 

population at a certain time. Similarly, correlations between the two populations can be used to 

estimate mutual increase or decrease in populations. Relationship between predator and prey is 

basic concept of ecology (Barryman, 1992). This relationship is intricate but based on some 

mathematical phenomenon and can be mentioned in numbers like ratios. These ratios show how 

population changes occur with respect to change in predator and prey populations in the ecosystem 

(Hamdan and Awad, 2007; Tommasini and Maini, 2001). This balance in ecosystem is based and 

maintained directly by the proportionate changes in predator and prey and all universal ecosystems 

follow this pattern and it is imperative for their proper functioning and subsistence/survival 

otherwise they would collapse. The linkage in food chain and food webs are so strong that they 

provide necessities of life to each partner for its survival (Kindlemann and Dixon, 2001; 

Kindlemann et al., 2002; Yasuda et al., 2001). Currently such studies providing relationships 

between predators and their prey found in cotton field using correlations are lacking in Pakistan 
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especially in southern part of province of Punjab. In Pakistan the studies on predator prey 

relationship as documented in literature showed that predators were vertebrates (Mahmood-ul-

Hassan2006; Mahmood-ul-Hassan et al., 2007abcde). However, insect predator studies are scarce. 

Some other studies relating pests and their predators that had greater economic impact are also 

available (Omkar and Pervez, 2000; Tauber et al. 2000; Omkar and Srivastava, 2001; Symondson 

et al., 2002). As Pakistan has different belts specified for cash crops like wheat belt, cotton belt 

etc, the specific predators and prey are common. In mixed cropping zone multiphagous predators 

can be found. Such predators are more useful than monophagous depending upon single type of 

prey. Therefor it is need of the hour to underline such relationships in each belt to assess the 

economic value of biological control and minimize economic losses to farmers. Hence an effort 

was made to estimate correlations between predator and prey populations particularly chewing 

pests (bollworms as prey) and their predators (lady beetle and spiders) in Pakistan. Therefore, this 

study was performed with the following objectives: 

4.1.1 Aims and objective 

The objectives of present study were: 

• To find relationships between predator and prey populations using coefficient of 

correlations. 

• To predict predator population on the basis of prey population found in the field/crop. 
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4.2  REVIEW OF LITERATURE 

This chapter throws light on the studies that mentioned relationships between populations of 

predators and their prey. Some studies reported correlation coefficients while other presented 

regression-based prediction equations. 

Hamdan and Abu-Awad (2007) investigated the impact of predator and prey on the host plant. 

Researchers offered insect to feed on leaves of the host plant at temperature of 25± 1 in the 

laboratory. They concluded that predators not only feed on eggs but also engulfed larval instar as 

well, their results were significant i.e. (P<0.05). Average daily consumption of predator was 30.44 

eggs and 3.2 larvae. Effect of natural enemies of insect pest of cotton was studied on six different 

varieties of cotton by Kalkal et al. (2009). They suggest that green lacewing, Spiders, Coccinellids, 

dragon flies, wasps, damselflies, and lady beetles were the major predators of pests of cotton. They 

observed that population of predators were not changed throughout the year. It was found that 

transgenic cotton has higher ratio of predators as compared to non-Bt cotton. They concluded that 

population of predators was positive correlated with relative humidity, temperature, rainfall, and 

wind. While it is negatively correlated with white fly population and Sunshine hours. Pest and 

predator’s relationship were studied by Prasifka et al. (2004) for this purpose they evaluated their 

data by using step wise regression analysis so that they determined the relationship of landscape, 

agronomic and prey variable to the richness of predators. Further they studied that variables were 

strictly related to the level of predators and varying number which were seen over time. Significant 

relationships were observed between crop landscape composition and population of predators. As 

the area of uncultivated land rose to 3.2 Km the predator level were also increased. Furthermore, 

they concluded that planting date of cotton, presence of flea hoppers was also strictly connected 

with the number of predators round the year. Siemann et al. (1998) studied the arthropod diversity 

on cotton and proposed that as the diversity of plant increases the diversity of predators was also 

increased; it is correlated with the plant diversity. They used simple regression with the number of 

different species planted and different functional group planted and, in their result, they observed 

that species of arthropods were significantly increased. Regression analysis showed that species 

of arthropods had low R2 values, and high intercept. They concluded that diversity of herbivore 

was correlated with predator and parasite diversity. Seasonal abundance of predators, pests and 

their influence on quality and yield of cotton was studied by Amin et al. (2008). They worked on 

seven different varieties of cotton and concluded that hairy varieties have lowest number of 
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sucking pests while abundance of bollworms was positively correlated. One variety was more 

tolerant to American bollworm while positive relationships were observed for prey and predator. 

Correlation analysis was used to find out for Lepidoptera and different species of host plant. The 

predator species richness increased with the time by removing all independent variables (Brandle 

et al., 2008). Carriere et al. (2012) worked on different pests feeding on different feed i.e. 

polyphagous pests, and their relation with the bollworms. They also investigated the effect of 

insecticide and flower production date of cotton. They concluded that it is positively associated 

with the density of insect and flowering date. Predator prey population dynamics was studied by 

using mathematical model by Kindelman and Dixon. (2003). Their model assumptions were more 

related to host parasite system. They proposed that adult and young one must be denoted as 

separate individuals because young one was not having an ability to reproduce while adult can. 

Moreover, adult can save them from predators whereas younger does not have such ability. So, the 

eggs and larvae are vulnerable and easy to catch for the predators. They concluded their research 

by developing a new model based on the points which were discussed and proposed that selection 

can favor the mechanism for reproducing of predator so that patches can’t be available to the prey. 

Wartmough and Kfir (1995) studied the effect of predation on the pupae of Helicoverpa armigera. 

They proposed that predation rate in laboratory and field conditions was same. While season play 

its role as in summer predation level was correlated positively with precipitation while mean and 

maximum temperature show negative correlation and opposite phenomenon were observed in 

winter. Mouse and ants were the main predator for the pupae of the Helicoverpa armigera. Other 

predators were also observed during the years and they were also predating on the pupae. Yasuda 

et al. (2001) studied the cannibalism, predation with in species, escape and attack rates. They 

observed that H. axyrids predate not only on eggs but also on adult of insects. There was moderate 

and vigorous predator ranging from 20-50% attack rate. They concluded that lady bird species 

played a very important role in different parts of world regarding the predating on different insects 

of cotton. Rana et al. (2012) calculated the predator prey densities on the different crop plants like 

brassica, wheat, maize, alfalfa, sorghum, wheat and cotton. They plot the line graph regarding the 

predator prey ratio. Linear horizontal pattern showed a predator prey relation. They concluded by 

ascertaining the linear regression on the relative abundance. Impact of natural enemies on the pests 

was studied by the Mari. (2012). He used three different treatment to control the pests firstly no 

treatment was used to eradicate the pest secondly, he used to introduce 1500 predator eggs in the 

field. He found that after few days the populations of sucking and chewing pests overcame in those 
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fields where predators were introduced. Overall 57.31, 65.12, 74.14 and 89.3% reduction of 

insects’ pests were observed in those fields. He concluded that predator must be introduced initially 

during the cropping season. Sigsgaard et al. (2002) investigated the cannibalistic behavior of 

Helicoverpa larva on their eggs. They studied that when the eggs of H. armigera were introduced 

to first larval instar in the laboratory the number of eggs consumed by the larvae increased 

dramatically. Plant feeding was also decreased as the number of eggs increased and 21-37% eggs 

were consumed by the larval in star. While in large cages the percentage was 8%. Hagler and 

Naranjo (1994) explored the predacious heteropterans gut content to know the occurrence of eggs 

of white fly and pink bollworm, for this purpose they used a technique called as enzyme linked 

immunosorbent assays (ELISA). Orius tristiclor and Geocoris were the important predator for 

white fly i.e. 32-39% individuals contain white fly antigen, while predation on eggs of the pink 

bollworm was very much lower i.e. 0.7-14.3%. Torres and Ruberson (2006) probed the effect of 

predator Geocoris on the prey like as Spodoptera exigua larvae and Helicoverpa zea egg. They 

start their experiment by using new born nymph of predator and end at the death of the last female. 

They observed that effect of prey on the predator was independent of the crop type that either it 

may be transgenic or not. Cry 1 Ac protein was not found in case of predator however they were 

fed by the prey that contained Cry1Ac protein. They concluded that result do not indicate harmful 

effect of Cry1Ac protein on the predator. Natural enemies provide biological control of the harmful 

insect pests of different crops especially cotton Ouyang et al. (2012). They used egg laying 

preference, selection of habitat, and feeding behavior shown by the predator. They investigated 

that predator used to select those plants which were having high density of prey. Furthermore, they 

observed that predator used maize plant to lay eggs and then they move to the cotton to take its 

food in the form of prey. Omkar and Shrivastava (2003) studied the reproduction, immature 

survival and development of predator i.e. Coccinella spp, and Ladybird beetle on the prey. They 

observed ladybird beetle weight was increased after feeding on its prey. Regression analysis 

showed linear relationship between rate of development, adult weight, prey consumption, growth 

rate, and male and female weight. They concluded that lady bird beetle plays an important role in 

overcoming different insect pests of cotton. Researchers worked on different insects’ pests’ 

population dynamic and their natural enemies. They found Ladybird beetle, ants, and spiders as 

major predators of the insect found on the cotton.  They observed that number of prey and predators 

was at its peak during June to October and they completely disappeared in the last of October 

(Ashfaq et al. 2011). Spider acting as predator in case of insects’ pests of cotton and it was found 
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in cotton field throughout year (Dhaka and Pareek, 2007). Chrysoperla was seen during June and 

found to be maximum in November. Maximum and minimum temperature showed positive 

significant effect on spider while it is negative on Chrysoperla. Arshad et al. (2015) investigated 

the effect of predator and prey on the Bt and Non Bt cotton. Predator prey population was observed 

from July to November. They concluded that predators were not significantly different on non-Bt 

and Bt cotton varieties. They are equally distributed in both types of field.  
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4.3  MATERIALS AND METHODS 

This study was conducted to determine Pearson coefficients of correlations between prey and 

predator adult populations in four locations of Southern part of Punjab province where different 

government recommended cotton varieties (NIAB Non Bt, Lalazar, MNH-988, IUB-33, and 

Sitara) are commonly grown by the farmers. These correlations are helpful in making predictions 

of fluctuations in populations of both prey and their predators. The study was limited to few insects 

present in abundance after a thorough preliminary survey of the crop sowing areas prior to start of 

research project that spanned over three years. 

4.3.1 Site of study 

The study was performed in four districts of southern Punjab, Pakistan. The districts included 

Multan, Khanewal, Muzaffar Garh and Kabirwala distributed geographically with coordinates as;  

Location Coordinates Altitude Area 

Multan 30o 05’ N 71o 40’ E 124 m 3721 Km2 

Muzaffar Garh 30o 4’ 13” N 71o 11’ 36” E 122 m 8435 Km2 

Khanewal 30°18'0N 71°55'0E 128 m 4349 Km2 

Kabirwala 30°20'10"N 70°43'30" E 112 m 4150 Km2 

4.3.2 Variables of interest 

The variables of interest were kinds of predators, their population counts, different types of prey 

and their population. Adult counts of American, pink and spotted bollworms and adult population 

counts of lady beetles and spiders comprised the variables of interest. 

4.3.3 Study duration 

The study was conducted in three consecutive years from 2014 to 2016. Each year data on predator 

and prey populations were collected from the start of cropping season (April) till harvesting of 

cotton (October). 

4.3.4 Collection of data 

Number of predators (lady beetle and spider) and their prey (American, pink, and spotted 

bollworms) in ten randomly selected cotton fields of each of four cities (Multan, Khanewal, 

Muzaffar Garh, Kabirwala) were counted from April to October by ten days interval during three 
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years of study from 2014 to 2016. The present study was conducted to evaluate the effect of 

chewing pests like cotton bollworms (American, Pink and Spotted) bollworm on Bt cotton and 

Non-Bt cotton that are recommended by the Government of Pakistan and is cultivated in the wide 

area of Multan, Punjab, Pakistan. For this purpose, there was collection of bolls from the cotton 

field, 10 green bolls of a given age from each cotton line were harvested and transported to the 

laboratory, Over the course of the study, bolls ranged in age from 12 to 30 days, Bolls were 

harvested on different dates.  Data were collected of tagged bolls of different ages. Bolls were left 

undisturbed for 24 hours. After 24 h, Pink bollworms entrance holes were counted, then the 10 

bolls from each cotton line were placed in a separate plastic box and incubated for 7 d at 27 ± 2°C, 

after incubation, bolls were cracked open and the number of live and dead larvae were counted. 

PBW mines that occurred in the internal carpel wall were counted and measured. 

4.3.5 Analysis of data 

Pearson correlations between average populations of predators (lady beetles and spiders) and prey 

(American, pink and spotted bollworm) population were found to understand predator and prey 

relationships. After collection of data, the data were edited and checked for inconsistencies. 

Pearsonian correlations (r) were computed using Statistix version 8.1 software using following 

formula: 

𝑟 =
∑𝑥𝑦−(∑𝑥/𝑛)2

√[∑(
𝑥−𝑥

𝑛
)∑(

𝑦−𝑦

𝑛
)]

 →      (2) 

Where,  

r = Pearsonian correlation coefficient  

n = Total number of individuals 

∑xy = Sum of Predator and prey population  

∑ x= Sum of predator’s population  

∑y = Sum of Prey Population  
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4.4  RESULTS 

Relationships between predator and prey populations can be presented in the form of correlations 

and prediction equations (regression).  Pearsonian coefficients of correlations were calculated 

among predators (lady beetle, spider) and prey (ABW, SBW, PBW) populations in each district 

and are presented in Tables 4.4.1 to 4.4.12. 

4.4.1 Predator prey relationships in Multan 

Correlation coefficients between populations of lady beetle (predator) and ABW, PBW, SBW were 

low and non-significant during the year 2014. The correlations between spider (predator) and 

ABW, and SBW populations were low and non-significant (0.1894) but low and significant 

(0.4386) for PBW population in this year. The correlation between both predators’ populations 

were high and significant (P<0.01) during 2014 (Table 4.4.1) in Multan region. During 2015, 

correlation between lady beetle population and ABW and SBW were low non-significant and 

negative low non-significant respectively. PBW had lower but significant (P<0.05) correlations 

with lady beetle population. Spider population bore very low non-significant correlation with 

ABW, negative very low non-significant correlation with SBW and low but significant (P<0.05) 

correlation with PBW population. Mutual correlation between predators’ populations was very 

low and significant (Table 4.4.2). In 2016, correlation analysis showed that population of lady 

beetles moderately and significantly (P<0.001) correlated with populations of ABW, PBW and 

SBW. Spider populations also showed intermediate to high (0.4510) significant (P<0.001) 

correlations with ABW, PBW and SBW populations along with lady beetle population (Table 

4.4.3) in Multan during this year. 

Table 4.4.1: Pearson Correlation coefficients between predator and prey populations 

in Multan during 2014 

Variable Adult ABW  Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.1165    

P-VALUE 0.2366    

Adult PBW 0.6943 0.2821   

P-VALUE 0.0000 0.0036   

Adult SBW 0.7378 -0.0387 0.8583  

P-VALUE 0.0000 0.6952 0.0000  

Spider 0.1291 0.7166 0.2957 0.0764 

P-VALUE 0.1894 0.0000 0.0022 0.4386 

Correlations with P-Value > 0.05 are significant 



 
147 

 

Table 4.4.2: Pearson Correlation coefficients between predator and prey populations in 

Multan during 2015 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.0207    

P-VALUE 0.8341    

Adult PBW 0.8934 0.2672   

P-VALUE 0.0000 0.0059   

Adult SBW 0.7329 -0.1562 0.6795  

P-VALUE 0.0000 0.1115 0.0000  

Spider 0.0743 0.7441 0.2507 -0.0230 

P-VALUE 0.4510 0.0000 0.0099 0.8155 

Correlations with P-Value > 0.05 are significant 

 

Table 4.4.3: Pearson Correlation coefficients between predator and prey populations in 

Multan during 2016 

 Adult ABW  Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.3862    

P-VALUE 0.0000    

Adult PBW 0.7732 0.3198   

P-VALUE 0.0000 0.0009   

Adult SBW 0.8396 0.3121 0.9180  

P-VALUE 0.0000 0.0012 0.0000  

Spider 0.5217 0.7722 0.3649 0.4058 

P-VALUE 0.0000 0.0000 0.0001 0.0000 

Correlations with P-Value > 0.05 are significant 

 
4.4.2 Predator prey relationships in Khanewal 
 

In Khanewal region, the correlations coefficients for lady beetle population and ABW, PBW and 

SBW were highly significant (P<0.001) in 2014. Spider population showed highly significant 

(P<0.001) but moderate to high correlations with ABW, PBW and SBW populations. The 

correlations between predator (lady beetle & spider) populations were also highly significant and 

high correlation in this region during 2014 (Table 4.4.4). 

During 2015, the second year of research, the correlations between prey (ABW, PBW and SBW) 

and lady beetle population were moderate but highly significant (P<0.01) in Khanewal region. 

Spider population showed similar pattern of correlations during this year in the region but had 
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highly significant and high correlation with lady beetle population (Table 4.4.5). 

The pattern of correlations between predators and prey population depicted a slight change during 

2016 in Khanewal region. Lady beetle population had very low to low and non-significant 

correlations with ABW and SBW populations. A moderate and highly significant correlation 

coefficient was found between ladybeetle and PBW populations. Population of spiders had similar 

type of correlations with ABW, SBW and PBW i.e. very low to low negative non-significant for 

former two and moderately but significant with the latter. Yet mutual correlation of spider and 

beetle remained very high and highly significant in this year in Khanewal (Table 4.4.6). 

Table 4.4.4: Pearson Correlation coefficients between predator and prey populations in 

Khanewal during 2014 

 Adult ABW  Lady Beetle Adult PBW Adult SBP 

Lady Beetle 0.5076    

P-VALUE 0.0000    

Adult PBW 0.8352 0.5724   

P-VALUE 0.0000 0.0000   

Adult SBP 0.7851 0.5968 0.5877  

P-VALUE 0.0000 0.0000 0.0000  

Spider 0.3854 0.5896 0.3568 0.4361 

P-VALUE 0.0000 0.0000 0.0002 0.0000 

Correlations with P-Value > 0.05 are significant 
 

Table 4.4.5: Pearson Correlation coefficients between predator and prey populations in 

Khanewal during 2015 

 Adult ABW  Lady Beetle Adult PBW Adult SBP 

Lady Beetle 0.3271    

P-VALUE 0.0007    

Adult PBW 0.7353 0.3787   

P-VALUE 0.0000 0.0001   

Adult SBW 0.6884 0.3634 0.9631  

P-VALUE 0.0000 0.0001 0.0000  

Spider 0.3350 0.6971 0.3353 0.3495 

P-VALUE 0.0005 0.0000 0.0005 0.0003 

Correlations with P-Value > 0.05 are significant 
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Table 4.4.6: Pearson Correlation coefficients between predator and prey populations in 

Khanewal during 2016 

 Adult ABW  Lady Beetle Adult PBW Adult SBW 

Lady Beetle -0.0476    

P-VALUE 0.6296    

Adult PBW 0.5477 0.3593   

P-VALUE 0.0000 0.0002   

Adult SBW 0.9652 -0.1715 0.4611  

P-VALUE 0.0000 0.0802 0.0000  

Spider -0.0506 0.7731 0.3245 -0.1462 

P-VALUE 0.6079 0.0000 0.0007 0.1368 

Correlations with P-Value > 0.05 are significant 

 

4.4.3 Predator prey relationships in Muzaffar Garh 

In Muzaffar Garh, during 2014, correlations lady beetle population and ABW were highly 

significant and high, PBW very high and highly significant, and SBW moderate and highly 

significant. Spider population had low to moderately high and significant correlations with ABW, 

PBW and SBW populations. There was a significant (P<0.001) and high correlation between 

spider and lady beetle population in the region during first year of study (Table 4.4.7). In 2015, 

lady beetle population bore very low to low negative non-significant correlations with ABW and 

SBW populations. It had low no significant correlation with PBW population too. 

Spiders showed very low to low and non-significant correlations with population of ABW, PBW 

and SBW during this year in the region. Correlation between populations of spider and lady beetle 

remained significant (P<0.001) and high (Table 4.4.8). 

Pattern of correlations presented a change in third study year (2016) in Muzaffar Garh region. 

Correlations between lady beetle and prey (ABW, SBW and PBW) were moderate to high and 

significant. Spider population had low to moderately high correlations with ABW, PBW and SBW 

populations in this region. Spider and lady beetle populations as usually bore significant (P<0.001) 

and high correlations (Table 4.4.9). 
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Table 4.4.7: Pearson Correlation coefficients between predator and prey populations in 

Muzaffar Garh during 2014 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.6925    

P-VALUE 0.0000    

Adult PBW 0.8014 0.6648   

P-VALUE 0.0000 0.0000   

Adult SBW 0.5509 0.3806 0.4060  

P-VALUE 0.0000 0.0001 0.0000  

Spider 0.3865 0.6165 0.5126 0.2256 

P-VALUE 0.0000 0.0000 0.0000 0.0155 

Correlations with P-Value > 0.05 are significant 

Table 4.4.8: Pearson Correlation coefficients between predator and prey populations in 

Muzaffar Garh during 2015 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle -0.0208    

P-VALUE 0.0000    

Adult PBW 0.9217 0.1263   

P-VALUE 0.0000 0.1993   

Adult SBW 0.9664 -0.1173 0.9373  

P-VALUE 0.0000 0.2332 0.0000  

Spider 0.0696 0.6954 0.1928 0.0093 

P-VALUE 0.4804 0.0000 0.0488 0.9250 

Correlations with P-Value > 0.05 are significant 

Table 4.4.9: Pearson Correlation coefficients between predator and prey populations in 

Muzaffar Garh during 2016 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.4363    

P-VALUE 0.0000    

Adult PBW 0.7845 0.5369   

P-VALUE 0.0000 0.0000   

Adult SBW 0.2341 0.3929 0.4434  

P-VALUE 0.0162 0.0000 0.0000  

Spider 0.4504 0.6187 0.4708 0.2365 

P-VALUE 0.0000 0.0000 0.0488 0.0151 

Correlations with P-Value > 0.05 are significant 
 

4.4.4 Predator prey relationships in Kabirwala 

 

During 2014, the correlations between lady beetle population and prey (ABW, PBW, SBW) 

populations were moderate to high and significant (P<0.001). Spider population had low, moderate 
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and high but significant correlations with SBW, ABW and PBW populations during this year in 

Kabirwala region. Correlation between spider and lady beetle populations were also significant 

and high in this year, as usual. Prey populations had mutually high correlations (Table 4.4.10). 

During 2015 in Kabirwala region, correlation coefficients between populations of lady beetle and 

chewing pests (ABW, PBW, SBW) were low to moderate and significant except for SBW that had 

non-significant correlation. Correlations between spider and chewing pest (ABW, PBW, SBW) 

populations were also in lower to intermediate range during this year yet they were significant 

(P<0.05). Spider population had high correlation with that of lady beetle’s (Table 4.4.11). Mutual 

correlations of chewing pest populations were significant and high. 

The pattern of correlation showed a deviation in third year of research (2016) in Kabirwala. Lady 

beetle and chewing pest populations had negative and very low to low correlations that were also 

non-significant. Spider population had non-significant low correlation with ABW and PBW, non-

significant negative and very low correlation with SBW populations in this year. The correlation 

between spider and lady beetle populations was a usual high and significant. Correlations among 

chewing pest populations were also very high and highly significant in the region during 2016 

(Table 4.4.12) 

 
Table 4.4.10: Pearson Correlation coefficients between predator and prey populations in 

Kabirwala during 2014 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.6925    

P-VALUE 0.0000    

Adult PBW 0.8014 0.6648   

P-VALUE 0.0000 0.0000   

Adult SBW 0.5509 0.3806 0.4060  

P-VALUE 0.0000 0.0001 0.0000  

Spider 0.3865 0.6165 0.5126 0.2356 

P-VALUE 0.0000 0.0000 0.0000 0.0155 

Correlations with P-Value > 0.05 are significant 
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Table 4.4.11: Pearson Correlation coefficients between predator and prey populations in 

Kabirwala during 2015 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle 0.2800    

P-VALUE 0.0038    

Adult PBW 0.7572 0.4322   

P-VALUE 0.0000 0.0000   

Adult SBW 0.9483 0.1728 0.8318  

P-VALUE 0.0000 0.0780 0.0000  

Spider 0.2449 0.7354 0.4467 0.2169 

P-VALUE 0.0118 0.0000 0.0000 0.0263 

Correlations with P-Value > 0.05 are significant 

 

Table 4.4.12: Pearson Correlation coefficients between predator and prey populations in 

Kabirwala during 2016 

 Adult ABW Lady Beetle Adult PBW Adult SBW 

Lady Beetle -0.1085    

P-VALUE 0.2708    

Adult PBW 0.8260 -0.0447   

P-VALUE 0.0000 0.6507   

Adult SBW 0.9600 -0.1152 0.8503  

P-VALUE 0.0000 0.2420 0.0000  

Spider 0.0126 0.6791 0.0172 -0.0327 

P-VALUE 0.8986 0.0000 0.8616 0.7403 

Correlations with P-Value > 0.05 are significant 
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4.5    DISCUSSION 

Relationships among predators, preys and predator-prey are key indicators of their populations and 

can become a tool for effective insect management programs. These relationships might be in the 

form of correlations or dependencies (regression) that can be calculated by using some suitable 

software and helpful in understanding population dynamics and changes. Correlations are strength 

of relationship between two variables. Lady beetle showed more attraction for pink bollworms 

than ABW and SBW during 2014 in Multan as shown by the coefficient of correlation between 

their populations. Spiders also showed similar amount of attraction for PBW as depicted by higher 

correlations. Both lady beetle and spider had least correlations with SBW. The same pattern of 

correlations was observed in 2015 in Multan where beetle and spiders showed higher correlations 

with PBW populations and least correlations with SBW populations. In 2016, the correlation 

coefficients were quite higher than previous years. Lady beetles had highest correlations with 

ABW, followed by PBW and SBW population. The pattern was changed during this year. Spider 

had similar change in correlations in order of ABW>SBW>PBW. This change in correlation 

pattern made it clear that predator populations were not choosy and they depended only on the 

quantity or population size prey. Any type of chewing worm could be used as prey without any 

specificity or choice. Higher correlations were obtained where population of both predator and 

prey were higher in numbers. This showed that during early two years of study, PBW population 

was higher as compared to other two pests while in third year of study the size of pest populations 

was increased. The relationship between predators and prey in Khanewal showed that lady beetle 

population was correlated in order of SBW>PBW >ABW populations, all correlation being highly 

significant in 2014.  Spider population has significant but lower corresponding correlations with 

prey populations which were nearly same in magnitude. In 2015, the correlations between lady 

beetle and their prey populations were in the order of PBW>SBW>ABW populations. Spider 

population showed similar fashion of correlations with bollworm population that were also 

significant. There was a change in pattern of correlations in third year of study when lady beetle 

population presented low and negative correlations with ABW and SBW populations. Correlation 

between lady beetle and PBW populations was moderate but highly significant. Spiders showed 

similar pattern of correlations with ABW, SBW and PBW populations in this year. Negative 

correlations depicted that decrease in prey population populations might be due to increased 

predators’ populations and vice versa. It is indicated that such predators can be used biological 

control systems to check increase in harmful pest population without using chemicals. In Muzaffar 
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Garh, the correlations between predator and prey populations presented that lady beetles had 

moderate to high and significant correlations with ABW, PBW and SBW populations in first study 

year. Spider also possessed low to moderate but significant correlations with ABW, PBW, and 

SBW populations. In 2015, lady beetle showed low negative correlations with ABW and SBW but 

low positive correlation with PBW. Spiders also had low correlations with these chewing 

bollworm populations during this showing a drastic change in correlations over time. In 2016, 

moderate correlations were found between lady beetle and ABW, PBW and SBW populations. 

Spiders showed low to moderate correlations with ABW, PBW and SBW populations. In all three 

years SBW gave higher correlations as compared to other two types of bollworms. Pattern of 

correlations between predator and prey populations in Kabirwala was slightly different in 2014. 

Lady beetle had correlations with bollworms in the order ABW>PBW>SBW populations. The 

correlations showed that lady beetle population mostly depended upon ABW population as they 

were in abundance followed by PBW. All the correlations were significant and they indicated that 

predictions can be made about lady beetle populations easily. In case of spider, they possessed low 

to moderate significant correlations ranging from 0.23 to 0.51 with prey population that can be 

used to predict predator population. In 2015, lady beetle had correlations ranging from 0.17 to 0.43 

with chewing pests. Spider population also showed nearly similar pattern of correlations with 

ABW, PBW and SBW this year. Although the correlations were in intermediate range but they 

were significant. During 2016, there was drastic change in correlations between lady beetle and 

prey populations. Lady beetle had low negative correlations with ABW, PBW and SBW 

populations which were non-significant. Spider population also had very low and non-significant 

correlations with prey populations this year. It showed that certain other factors were responsible 

for sudden changes in predator populations other than prey. The negative correlations were 

surprising. The correlations between predator and prey population had been used for prediction 

and can efficiently be used for setting of biological control/insect pest management programs. 

Similarly, regression tools can be used for obtaining prediction equation where we can easily use 

prey population to predict predator’s populations (Omkar and Shrivastava, 2003). Relationships 

between predator and prey provided clue to control their population size to minimize losses to 

crops (Ashfaq et al., 2011; Dhaka and Pareek, 2007). Such efforts had been done to establish 

biological control (Torres and Ruberson, 2006; Ouyang et al., 2012). Predator consumes prey to 

lower their populations, would ultimate provide competition among them for feed. This 
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phenomenon would ultimate reduce predator’s population by itself (Hagler and Naranjo, 1994; 

Sigsgaard et al., 2002). 

CONCLUSIONS 

Relationship between predator and prey populations is a good source of estimating their 

populations and predicting them. They are helpful in making strategies to set up effective 

biological control program and help in efficient insect control management program. The change 

in pattern of correlation defines the effect of certain factors like biotic and abiotic ones. The 

correlations among chewing pests remained nearly similar in each year of study at each location. 

It showed certain pests can live together without harming others. It indicated that control program 

for one type of pest could prove effective for the other living together. Similarly, some predators 

can live together like spider and lady beetle as depicted by the high correlations in their 

populations. This suggested that these predators prey on similar type of insect pests. High 

correlations depicted that if certain predator or prey had high population, its counterpart would 

also be present in higher numbers.  
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