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ABSTRACT 

 
Studies were carried out to evaluate the seasonal incidence of population of Helicoverpa 

armigera, Chrysoperla carnea and parasitism of H. armigera by Habrobracon hebetor in 

three districts, i.e. Faisalabad, Multan and Rahim Yaar Khan, temperature dependent 

biological parameters, drought influence on H. armigera along its natural enemies [C. carnea 

(Stephens) and H. hebetor (Say)] and development of IPM module against H. armigera in 

cotton agro-ecosystem. The maximum population of adults and larvae of H. armigera 

recorded during the month of August was 4.10 per trap and 0.52 per plant, respectively. The 

lowest population was recorded in October, with values of 0.87 adults per trap and 0.12 

larvae per plant. Population of C. carnea was highest (0.90 per plant) in September and the 

lowest number (0.21 per plant) was recorded in July. Similarly, parasitism rates were highest 

(33.7%) and lowest (04.87%) in September and July, respectively. Adults and larvae of H. 

armigera were highest in R.Y. Khan i.e. 3.48 and 0.44 per plant, respectively. In contrast, C. 

carnea population was highest (0.72 per plant) in Faisalabad which was followed by Multan 

(0.55 per plant) and R.Y. Khan (0.38 per plant). Parasitism was also high in the district 

Faisalabad (13.39%) followed by Multan (6.36%) and R. Y. Khan (6.23%). Adults and 

larvae were positively correlated with temperature and r values were calculated at 0.5818 and 

0.5240, respectively. Population of C. carnea was negatively correlated with temperature 

with an r value of -0.5546. Similarly, the parasitism of H. armigera by H. hebetor was 

negatively correlated with temperature (r= -0.5768). Higher temperatures decreased the 

duration of development and also decreased the reproductive capacity of H. armigera, C. 

carnea and H. hebetor. Degree days for developmental period for H. armigera, C. carnea 

and H. hebetor were 250, 166.67 and 71.43, respectively. The drought caused significant 

detrimental effects on population of H. armigera and parasitism by H. hebetor. In contrast, 

C. carnea population was not significantly (F= 2.01, DF= 4 and P>0.05) affected by drought. 

The maximum yield was recorded 1639.52 kg/ha (16.0 kg/plot) in T15 [T1 (spray of 

Spinosad) + T2 (spray of neem seed kernel extract) + T3 (release of C. carnea) + T4 (release 

of H. hebetor)] which was followed by T12 [T1 (spray of Spinosad) + T2 (spray of neem 

seed kernel extract) + T4 (releases of H. hebetor)] and T13 [T1 (spray of Spinosad) + T3 

(release of C. carnea) + T4 (release of H. hebeor)] with values of 1475.568 and 1332.11 

kg/ha, respectively. T1 (spray of Spinosad), T5 [(spray of Spinosad) + (spray of neem seed 

kernel extract)] and T15 proved the most economical pest management modules exhibiting 

CBR 1:6 followed by T7 [(sprays of Spinosad) + (releases of H. hebetor)] and T12 [(spray of 

Spinosad) + (spray of neem seed kernel extract) + (releases of H. hebetor)] which explained 

a CBR of 1:5.5 approximately.  



 

1 

 

CHAPTER -1 

 INTRODUCTION 

1.1: Importance of Cotton 

Cotton (Gossypium hirsutum L.), a white gold, is an important and valuable fiber crop due to 

its role in the economy of Pakistan- as it is the biggest source of income (60%) from foreign 

exchange. Sale of cotton products contributes 11 percent to the GDP of the national economy 

(Naqvi and Nosheen, 2008). Its raw products are used in ginning factories to produce yarn, 

garment factories to produce garments and textile mills to produce cotton. Oil from cotton 

seed can also be a part of a protein rich diet. Green sticks are grazed by animals while 

villagers use dry sticks as fire-wood. Cotton contributes 31% and 38% to the investment 

sector and employment, respectively (Altaf, 2008). Cotton bales of approximately 2 million 

have been imported into Pakistan as a result of lower yield (Anonymous, 2008). Area under 

cotton cultivation has been shown in Table 1. A large number of factors, like non judicious 

use of fertilizer, cotton varieties with low yield, improper weed management and heavy 

insect pest's attack, have resulted in a lower production of cotton. Therefore, an increase in 

production can be achieved with the help of improved varieties, proper use of fertilizers and 

plant protection measures. Production of cotton in different countries is presented in Table 2.  

Table 1: Area, Production and Yield of Cotton 

 Area Production Yield 

Year (000 

Hectare) 

% Change  (000 

Bales) 

% Change (Kgs/Ha) % Change 

2008-09 2820 - 11819 - 713 - 

2009-10 3106 10.1 12914 9.3 707 -0.8 

2010-11 2689 -13.4 11460 -11.3 725 2.5 

2011-12 2835 5.4 13595 18.6 816 12.6 

2012-2013 

(P) 

2879 1.6 13026 -4.2 769 5.8 

Source: Anonymous 2012-2013  

P: Provisional (July-March) 
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Table 2: Production of cotton in different countries (Million Tonnes) 

 2010-11 E 2011-12 E 2012-13 P 

Production 6.40 7.40 7.30 

China 5.86 6.00 5.61 

India 3.94 3.39 3.70 

USA 1.91 2.29 2.09 

Pakistan 1.96 1.88 1.30 

Brazil 0.91 0.88 1.00 

Source: Anonymous 2010-2013 E: Estimated, P = Provisional  

 

1.2: Insect pests of cotton 

Insect pests including mites which attack on cotton are almost 96 (Hasnain et al., 2009). 

Sucking and chewing insect pests makeup the pest complex of cotton. Whitefly, Bemisia 

tabaci Genn. (vector of cotton leaf curl virus), Thrips, Thrips tabaci Lind (feeds on young 

leaves and tender buds), Aphid, Aphis gossypii Glover (its feeding results in downward 

curling of leaves) are important sucking pests of cotton. Sucking pest injury caused 21.20% 

yield loss (Udikeri et al., 2009). Spotted bollworm, Earias insulana Bosid, Earias vitella 

Fabricius, larvae feed on terminal shoots, flowers, young bolls, etc., resulting in low yield of 

cotton. Cotton bollworm, Helicoverpa armigera (Hubner), larvae bore into flowers, squares 

and bolls. This causes damaged bolls to remain immature and drop off. Pink bollworm, 

Pectinophora gossypiella (Saunders), damage results in formation of rosettes. 

1.3: Cotton bollworm, H. armigera 

Helicoverpa armigera is a cosmopolitan pest and has established in many parts of the world: 

Asia (China, India, Iran, Japan, Pakistan and Sri Lanka), European Union (Austria, Greece, 

Ireland, Portugal and Spain), Africa (Ghana, Nigeria, Mali, South Africa, Uganda and 

Zimbabwe) and Oceania (Australia, New Zealand and Tuvalu) (EPPO, 2006) (Fig. 1).   
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Fig. 1: Global distribution of H. armigera (adapted from CAB Intl., Distribution Maps 

of Pests, 15/12/1993 and Satellite images (Google)) 

It is found throughout the world and is known by various names including cotton bollworm, 

maize borer, flower caterpillar, tomato fruit worm and bean pod borer. Due to his 

polyphagous nature it can be found on a wide range of host plants including cotton, tomato, 

lucern etc (Ahmad et al., 1992; Deuter et al., 2000). 

The young larvae of H. armigera attack on squares and flowers of cotton and the holes can 

be seen at the base. While, mature larvae feed on green mature cotton bolls causing them to 

drop off from the plant (Wilson and Waite, 1982). It can also damage leaves of cotton plant. 

The damage to fruiting bodies caused not only yield reduction but also affected its quality 

(Cotton CRC, 2010-2011). It has tendency not to eat fruiting bodies completely which can be 

main reason for its extensive damage even though low population of larvae found in field 

(Zalucki et al., 1986) with up to 30% yield losses has been recorded (Yazdanpanah et al., 

2009). 

In summer, it completes its development in 5-7 weeks. Under low temperature i.e. 10oC, its 

pupal diapause started (Attique et al., 2000). Eggs development takes about 3 days. Larvae 

and pupae complete their life cycles in approximately 14 days and 11 days, respectively at 

27.5oC. Approximately 800 eggs can be laid by a single female (Mironidis and Savopoulou-

Soultani, 2008). The female’s forewing is orange, whereas it is greenish-gray in males. 
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Margins of forewings have seven to eight black spots in both male and female. A kidney type 

spot is found in the centre of forewing and a pale yellow in the middle of brown band on 

hind-wing. Adults of H. armigera prefer to lay eggs on leaves in top canopy of cotton plants 

but developing flower is preferable egg laying part when cotton plants are at their 

reproductive stage (Duffield and Chapple, 2001). 

Weather factors play important roles on activities of insects. For example, temperature 

influences the insect herbivores both directly and indirectly. Temperature is one of most 

prominent abiotoic factor which influences the development (Visser and Both, 2005) and 

reproductive potential of insects (Andrewartha, 1970). Disturbance of numerical response of 

insects occurs due to change of insect development rates. This change may affect insect 

population dynamics (Logan et al., 2006). Climate warming due to increase in temperatures 

may limit and expand insect distribution (Powel and Logan, 2005). High temperature may 

increase in number of generations of insects due to their quick development especially in 

multivoltine species (Thomson et al., 2010). High temperature may reduce diapause period in 

insects due to high metabolic activities (Hahn and Denlinger, 2007). Prey interaction with 

predators changed due to fluctuations in abiotic conditions (Anderson et al., 2001) and these 

climatic conditions may affect predation capacity of predators as well (Mohaghegh et al., 

2001). Role of temperature in predator and prey system has been established (Bailey, 1989) 

especially for predators whom predation depends on prey size (Travis et al., 1985). 

Temperature may affect host-parasitoid system, because both host and parasitoid may have 

different thermal curves (Hance et al., 2007). 

Similarly, the drought is also an abiotic stress which results due to insufficient rainfall for a 

long period of time in a particular area. This shortage of water may decrease soil moisture 

enough to reduce normal growth of plants (Akhtar and Nazir, 2012) and caused low crop 

production (Vincent et al., 2005). Drought alters plant physiology in particularly nitrogen 

availability and these changes caused more herbivore damage on these plants. This 

hypothesis is termed as Plant Stress Hypothesis (White, 1969). Volatile compounds 

concentration may change in the plants which are water stressed (Zhang and Kirkham, 1990). 

Herbivore may attracted or avoid plants which increase volatile concentration under water 

stress (Bernays and Chapman, 1994). Water stress increases accumulation of free amino 

acids in plants which favour the development of insects (Brodbeck and Strong, 1987; 



 

5 

 

Showler, 2012). Similarly, increased concentration of carbohydrates in plants has been 

recorded during water stress and this increase the oviposition of insects (Derridj et al., 1986; 

Mohammadkhani and Heidari, 2008). 

Natural enemies may indirectly affect due to change in prey qualities which are feeding on 

stress plants. Therefore, drought can disturb prey-predator interaction. This multitrophic 

interaction also related with defensive compounds of plants. Plants release volatile organic 

compounds (VOCs), after being attacked by insects which may favour natural enemies in 

order to locate their host (Van Der Putten et al., 2001). Drought can influence the emission of 

VOCs in plants as a result of insect attack (Holopainen and Gershenzon, 2010) and can affect 

foraging behaviour of natural enemies (Rasmann and Turlings, 2007). Drought also increased 

phytotoxin concentration and accumulate during insect feeding on stressed plants, can 

influence fitness of natural enemies (Mattson and Haack, 1987; Soler et al., 2012; Tariq et 

al., 2013). Environmental changes and host quality have great impact on performance of 

natural enemies (Hunter, 2003; Hance et al., 2007).  

The use of natural enemies to reduce the insect pests population is now a focus of 

entomologists. These natural enemies, also called biological control agents, are predators, 

parasitoids and pathogens. Predators consume multiple hosts throughout their lifetimes, 

parasitoid immature stages complete their development by feeding on or within a single host, 

which leads to death of the host. Pathogens, like fungi and bacteria, kill their host by causing 

disease. Examples of predators are lacewings and lady bird beetles. Some species of wasps 

are examples of parasitoids. Biological control agents can be used in three different ways: 

inoculation, augmentation and conservation (Eilenberg et al., 2001). Biological control 

agents can be introduced from some areas and can be released into new areas where they 

were not present before. Natural enemies can be reared in laboratories and can be released 

periodically to keep pest populations under economic threshold levels. Sometimes, a pre-

existing population of natural enemies is used for controlling insect pests by providing them 

with a suitable environment for development. Governments sometimes import biological 

control agents into their home countries for release into problematic areas. In augmentation, 

natural enemies can be released once in the field and then allowed to establish a population 

(inoculative) or they can be released repeatedly in large numbers (inundative). Conservation 
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of biological control agents is dependent on the practices used by farmers to allow natural 

enemies to establish themselves in order to control insect pests.  

Chrysoperla carnea plays an important role to suppress pest population. Entomologist are 

interested to use it as biocontrol agent due to its geographical distribution (Zeleny, 1984), 

voracious feeding nature and its ability to be resistant against some pesticides (Pathan et al., 

2008) to obtain eco-friendly reduction of pest population in particular aphids, adult's eggs 

and thrips. Easy mass rearing is one of reasons for its broad usage to control pests population 

on various crops (Hagley and Miles, 1987; Araujo and Bichao, 1990). It has been used to 

control different pests like thrips (Satpute et al., 2002), whitefly (Zia et al., 2008) and aphids 

(Gurbanov, 1984). It is reported that 33-99% larval population reduction of Heliothis was 

obtained by mass releases of C. carnea eggs in cotton crop (Ridgway and Jones, 1969). 

Adults are of green colour with transparent wings covering the body like a roof. It has long 

hair like antennae equal to the size of body and eyes of golden colour pop out from the sides 

of head. They are strong fliers and very active during evening hours. Females lay eggs in 

single form or in group form. She can lay hundreds of eggs in her total life span. Eggs are 

green, oval shaped and have white stalks longer than their length. The incubation period 

depends on temperature but is usually 3 to 6 days. The larva is the predacious stage and 

mainly feeds on soft bodied insects. It has sickle shaped mandibles and its colour usually 

depends on its host. Its thorax and abdomen have long hairs. Its body is elongated and 

flattened. It has three instars and completes its development in 1-3 weeks depending on 

temperature. The pupa completes its development period in a week. Larvae at the end of the 

third instar cease feeding and start to make silk from abdominal glands in ball form. Pupae 

are usually found under plant leaves.     

Larvae, with the help of their jaws of sickle shape, inject venom into the body of prey to 

paralyze them and then suck fluid from the host body. They can suck sap from host eggs as 

well as host larvae. Aphids, thrips, mealybugs, lepidopteron eggs and larvae, and leaf 

hoppers are suitable prey  that are pests of different crops like cotton, tomato, brinjal, citrus, 

potato and cabbage. 

Habrobracon hebetor is a potential larval parasitoid of pyralid species (Brower and Press, 

1990) and various lepidopteran larvae (Keever et al., 1985; Magro and parra, 2004). It is an 
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ecto-parasitoid, gregarious and idiobionts. Female lays more than one egg on the larval 

surface and paralyze the host larvae. After 3-5 days, the eggs hatch and larvae start to feed on 

the paralyzed larva for approximately 10 days. Adults emerge from pupae after 8-9 days and 

start searching for new host larvae (Ode et al., 1996). Colour of adults varies from black to 

yellow depending upon the temperature. Adults are black when development occurs at lower 

temperatures (15-20oC) and yellow when development occurs at higher temperature like 

30oC (Schlottke, 1926). During late larval stages, genetically similar individuals can also 

vary from dark to yellow colour. As a result, early identification of H. hebetor was not so 

accurate (Soliman, 1940).     

Based on its host range, generation time and reproductive rate, H. hebetor has been used in 

host-parasitoid interaction related studies (Gunduz and Gulel, 2005). It is a competent 

biological control agent of stored insect pests (Yu et al., 2003). Habrobracon hebetor 

females deposit their eggs according to host size, laying more eggs on larger hosts. Also, if 

host density is high then it will lay few eggs on host larvae to avoid competition among 

larvae (Taylor, 1988). It can easily be mass-reared in the laboratory and thus released in the 

field for efficient control of Heliothis species as reported elsewhere (Nikam and Pawar, 1993; 

Heimpel et al., 1997; Radhika and Chitra, 1998). 

Resistant varieties, use of chemicals and use of biological control agents are strategies to 

control insect pests of many crops including cotton (Bull et al., 1979). Chemical control is 

most widely used to keep cotton pests under economic thresholds. The number of sprays 

used to control pests has also dramatically increased. Heavy reliance on pesticides does not 

mean that cotton will give higher yield. An indiscriminate use of chemicals caused a heavy 

outbreak of American bollworm (Ahmad et al., 1997). Helicoverpa armigera showed a high 

level of resistance to monocrotophos and low level of resistance to chlorpyrifos and 

profenofos were reported from Pakistan (Ahmed et al., 1995). In another study, low to 

moderate levels of resistance to OPs, in H. armigera, were documented from India, Pakistan 

and Thailand (Armes et al., 1996; McCaffery, 1998). Pesticides can give quick results, but 

un-judicious use can cause a worse situation in terms of pest severity. Pesticides can cause 

resistance to chemicals and pest resurgence. They are also a source of environmental 

pollution and have adverse impact on non-target organisms like natural enemies (Taborsky et 

al., 1995; Rumpf et al., 1997). Heavy use of chemicals to control H. armigera has caused 
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resistance development in this pest (Kranthi et al., 2002). Therefore, entomologists are 

struggling to decide about the use of plant protection measures. Alternative control practices 

could be used to control insect pests save biodiversity, and protect the environment and 

human health. In 2010, transgenic cotton varieties were approved in Pakistan (Ashraf et al., 

2013). According to High-Dose, Refuge strategy, 20% non-transgenic cotton should be 

cultivated in the field near to transgenic cotton as refuge on which control methods can be 

applied and it has been reported that H. armigera has developed resistance against transgenic 

cotton in Pakistan (Alvi et al., 2012). 

These findings suggest an urgent need for the development of Bio-intensive Integrated Pest 

Management (IPM) to control notorious insect pests without harming the environment and 

human health. There was an efficient control of H. armigera when control tactics were 

applied in integrated way rather than individually (Tanweer and Rao, 1997). Similarly, IPM 

had been an effective way to control H. armigera (Pickett et al., 1986). Approaches like host 

plant resistance, reduced risk insecticides and bio-control agents can be enfolded into an IPM 

program to control H. armigera. Therefore, the present project was designed with following 

objectives 

 Seasonal incidence of population of H. armigera, C. carnea and parasitism by H. 

hebetor in different districts of Punjab. 

 Role of abiotic factors on population of H. armigera and C. carnea and parasitism by 

H. hebetor under field condition. 

 Temperature dependent development and reproductive potential of H. armigera, C. 

carnea and H. hebetor under laboratory conditions. 

 Effect of drought on population of H. armigera, C. carnea and parasitism by H. 

hebetor. 

 Evaluation of different IPM modules to control H. armigera on cotton crop. 

 Calculation of cost benefit ratio of different IPM modules to control H. amrigera.   
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CHAPTER -2 

REVIEW OF LITERATURE 

2.1: Climate change and its effect on agricultural insects 

Global warming is the ineluctable ensue of increased emission of CO2, CFC, CH4 and N2O.  

Climate change is equivalent paradox to global warming. Climate change consequence will 

be a rise in mean temperature with range of 1.4 to 5.8ºC by the end of coming century, 

increased drought frequency and increased flood frequency (IPCC, 2001). Climate change is 

biggest threat for human being today and is serious challenge to economic development and 

food security (IPPC, 2007). Contribution of agriculture in GDP can likely reduce due to 

climate change (Mendelsohn et al., 2000). In Africa, 10-20% yield loss in maize may occur 

by mid of this century due to consequence of climate change (Thornton et al., 2006).  

Indirect effect of climate change can also influenced productivity of plants as result of insect 

pest incidence besides having direct influence as experimental studies have claimed that 

climate change can disturb distribution of herbivorous insects pests (Sequeira and Mackauer, 

1994; Trnka et al., 2007). Apart from use of pesticides, agricultural crops can face a loss of 

30-50% of their yield (Oerke et al., 1994). It has shown that higher concentration of CO2 is 

directly proportional to increase in plant productivity (Long et al., 2004). But this can be in 

check with reduced availability of water and higher temperature. Experiments have shown 

that these factors have negative impact on plant productivity (Anwar et al., 2007). 

Due to anthropogenic activities, range of expected concentration will be 540-970 ppm by the 

end of next century (Stiling et al., 1999). This increase in concentration of CO2 may affect 

insect richness, abundance due to change in plant quality (Cornelission, 2011). In order to 

understand climatic change affect, there is a need to understand CO2 relation with insect 

(Hunter, 2003). Many authors have focused that how high CO2 can indirectly affect 

herbivores (Stiling and Cornelissen, 2007). Leaf area can also be increased as a result of CO2 

(Owensby et al., 1999). High CO2 can dilute 10-30% nitrogen present in leaves as a result 

nutritional quality of leaves decreased (Coley and Markham, 1998) and can also have effect 

on secondary metabolites (Gregory et al., 2009). This poor quality of leaves provide less 

nutritive value for the insects (Lincoln et al., 1993). When herbivores feed on these less 

nutritive leaves, they start to feed more so that herbivores can get enough nitrogen for their 

metabolism activities. Metabolism activities of insects need high amount of nitrogen 
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therefore when they feed on poor nutritive leaves they start more consumption of leaves 

(Coviella and Trumble, 1999).     

However, CO2 influence is species specific and also insect-plant system. Sorghum pest, 

Chilo partellusin (Swinhoe) food consumption was 40% more under high CO2 as compared 

to normal (Sharma et al., 2005). Similarly damage caused by Japanese beetle and leaf hopper 

on soybean was 57% more under elevated CO2 experimental setup as projected by climate 

change than present atmosphere (Hamilton et al., 2005). Stomatal opening is less under 

higher concentration of CO2 which results in increase in water use efficiency (Groninger et 

al., 1996). It has been prove that most of insects used higher amount of water to nutrient 

assimilation (Reitz et al., 1997). High concentration of CO2 decrease plant alkaloid 

concentration and in turn may increase tannin (Gutierrez, 2008). Abundance of sucking pests 

and some of their biological parameters like fecundity can increase under the scenario of 

higher concentration (Bezemer et al., 1998).  

The higher concentration of CO2 if providing chance to insect to consume more but it also 

reduced their development (Lindroth et al., 1993) and can cause high mortality (Watt et al., 

1995). It is not appeared realistic to understand interaction between plants and insects 

without understanding of insect's natural enemies (Price et al., 1987). Small size and poor 

host quality may impart adverse affect on natural enemies as parasitoids lay few eggs on host 

with small size (Barrett and Schmidt, 1991; Murdoch et al., 1997). Some aphids can be 

susceptible to natural enemies as they proved low response to alarm pheromones (Awmack et 

al., 1997). High mortality has found under the high concentration of CO2 (Roth and Lindroth, 

1995). On the other hand, Chen et al. (2005) claimed that small size can also help in better 

pest control as natural enemies may start to feed more on small host. Similar, conclusion has 

been explained in case of predatory bug and its host, H. armigera (Coll and Hughes, 2008).       

Insect species of tropical and also sub tropical regions has been shifted their range towards 

north. For example, mirid bug, Stenotus rubrovittatus (Matsumura), outbreak was more in 

higher latitude in Japan due to global warming (Ito, 2004). Under climatic scenario, 

prediction of range of expansion of three species Choristoneura fumiferana (Clemens), 

Lymantria dispar (Linnaeus) and Dendroctonus ponderosae (Hopkins) is towards higher 

altitudes (Regniere, 2009). An increase of 3.5oF in temperature can expand D. ponderosae 
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range (300 km) (Logan and Powell, 2001). Similarly, Plutella xylostella (L.) has shifted from 

its range of distribution by 800 Km towards north. It is assumed that this shift is due to 

increase in temperature in higher latitude (Coulson et al., 2002). Invasion of Operophtera 

brumata (L.) and Dendroctonus frontalis (Zimmermann) has distributed in sub-arctic zones 

(Tran et al., 2007; Jepsen et al., 2008). Mortality of insects is decreasing in higher altitude 

and latitude due to climate warming; therefore it is assumed to be one of main reasons for 

this shift towards north. In winter, mortality has been decrease 16.5% and 13.5% in Nezara 

viridula (Linnaeus) and Halyomorpha halys (Stal) respectively with 1oC temperature increase 

(Harrington et al., 2001; Kiritani, 2006). 

Exotic pests can be established due to increasing warming. Potato psyllid is an example of 

positive relationship of pest with global warming. First its incidence was infrequent in 

California but increasing temperature suits its reproduction. Therefore it fitted there and 

causing considerable loss to different crops including tomato and pepper. Its small size can 

also helpful for its range expansion (Liu and Trumble, 2006). Insect population can be 

control by natural enemies. Ecologists have observed that climate change has influenced 

abilities of natural enemies to control pest not only by means of direct influence on 

development but also through community structure. Stireman et al. (2005) reported that 

climate warming result in reduced parasitism of lepidopteron caterpillars which caused 

exquisite burst of pest. Climate concussions on parasitoids are drastic as a result host like 

cabbage maggot and European corn borer caused protracted damage to crops. This is why 

host passes its vulnerable stage quickly from attack of parasitoids due to high voltinism under 

high temperatures (Petzoldt and Seaman, 2007).    

As a consequence of global warming, some crops will shift to higher altitudes. It will also 

force to their corresponding pests to move with them. Successful cultivation of crops will 

then also depend on landscape structure. In these circumstances, no one can neglect 

importance of soil conditions. New species of pest will introduces in the area where new set 

of crops will introduce to mitigate climate change impact. Cacaecimorpha pronubana 

(Hubner), who causes damage to decorative plants, is established in central Europe. It can be 

settled into suitable regions due to increase in temperature (Bartova and Marek, 2009).   
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Helicoverpa species can caused early damage to crops due to this global warming in North 

America and North India (EPA, 1989; Sharma, 2010). Climate change will increase 

overwintering of pests. It will provide higher number of population which will ultimately 

increase in following seasons. This build up of insect population can be under check of 

natural enemies if they also overwinter readily. Climate change will change cropping pattern 

which will modify interaction between host insect pest and predator/parasitoids. Maiorano et 

al. (2008) reported that specific pests importance will influenced with crop rotation. Climate 

change will modify crop ranges and their attacking insect pests may follow these changes. 

Intensity of damage of insect pests will depend on natural enemies how they will respond to 

these changes. Plutella xylostella and Ostrinia nubilalis (Hubner) are very mobile insects. 

They should be able to found suitable host in favourable environmental locations (Trnka et 

al., 2007). There will be difficult situation for the less mobile herbivores (e.g. mealybug) to 

locate newly introduced crops. Pink bollworm is cold intolerant insect pest but warming will 

be providing help to increase its range on cotton into heavy frosted areas (Gutierrez et al., 

2008). Similarly, Palm thrips and fruit flies are also sensitive to cold but this climate 

warming will help to expand its distribution into colder areas (McDonald et al., 2000; 

Sutherst et al., 2007). This reduction in chill events will decrease winter mortality of 

pipevine swallowtail (Fordyce and Shapiro, 2003). It is not necessary that climate change 

will increase insect pests range, contraction of range has been observed in vertebrates 

(Mitrovski et al., 2008). Studies are predicting a contraction of armyworm range sue to 

climate change (Hoffmann et al., 2008).  

Herbivores can be safe from attack of natural enemies due to its expansions. Brown Argus 

butterflies suffered less from parasitoids attack in its expanded area of north in Britain due to 

climate warming. This parasitism was lower than population established earlier (Menendez et 

al., 2008). Herbivore may have another advantage to build up their population by avoiding 

themselves from parasitism as they move into new crops. Macrocentrus gifuensis (Ashmead) 

was 53% killed by its braconid parasitoid on mugworth. While, it was safe on maize crop 

(Thomas et al., 2003). Plutella xylostella have more chance to escape from its natural 

enemies as it has more potential to establish and build up its population (Talekar and Shelton, 

1993).   
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Dispersal potential of third level insects is comparatively less than herbivores (Second 

trophic level). An invention of herbiovore may lead to drastic damage as it has fewer 

parasitisms of their parasitoids and it is difficult for general predators to find niche of navel 

invader (Cornell and Hawkins, 1993). In case of leaf miner, generalist species was less like to 

spread with their host. While specialist parasitoids spread with leaf miner (Godfray et al., 

1995). Elzinga et al. (2007) recorded more parasitism of Bicuris hufnagel (Hufn) through 

Eurylabus tritis (Gravenhirst) than its predator.  

Braconid parasitoid (Cotesia flavipes, Cameron) has been seen in Ethiopia where it never 

introduced. Initially it was introduced from Asia into various African countries, to keep 

population of Chilo partellus (Swinhoe) under check but not in Ethiopia in maize crop. It 

showed how long distance, this parasitoid can move. It has been found that its movement rate 

is 200km/year (Assefa et al., 2008). Whereas, predatory mite is less able to follow its host 

track due to its low rate of movement (Collier and Van Steenwyk, 2004). Environment plays 

an important role in the biological control of invasive species. European borer of corn has 

been reported to be remaining under control by using imported parasitoid from native region 

of invasion pest. Whereas, native parasitoids could not get satisfactory results (Capinara, 

2008). There is an opposite case where prevailing natural enemies may give sufficient 

suppression of the invasive pest. This assumption is strengthen by findings of Hidrayani et al. 

(2005) who reported that in Indonesia, an invasive pest, leaf miner caused high damage due 

to lower parasitism by parasitoids after several years of its release.  

2.2: Temperature and insects 

Temperature directly affects the insect development rate, volatanism, insect fecundity and 

overwintering mortality (Ayres and Lombardero, 2000). There are not enough studies 

showing any change in univoltine insects due to these warming conditions. However, a study 

showing that high temperature is increasing the pattern of voltinism in insects has higher 

proportion (DeLucia et al., 2012). Altermatt (2010) observed stable increase of voltinism in 

lepidoptera since 1980.  

An increase in temperature (2-4oC) resulted in higher number of individuals of some 

grasshopper species in hotter years. It reduced the incubation period (3-7 days) as a result of 

short diapausing duration of eggs (Fielding and Defoliart, 2010). Temperature affected the 
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butterfly in terms of its flight duration. A range of flight duration about 2-10 days has been 

increased due to increase of 1oC temperature (Roy and Sparks, 2000) and similar behaviour 

of butterfly has been observed in Spain and California (Forister and Shapiro, 2003; 

Stefanescu et al., 2003). Change in voltinism and diapause has also observed in aphid, grape 

berry adult and another species of grape berry adult (Endopiza viteana Clemens) (Zhou et al., 

1995; Houghton et al., 2001; Tobin et al., 2003; Tobin et al. 2008).  

High temperature and CO2 are changing interaction between plants and herbivores which 

ultimately affect the food security. Warming may also disrupt relation between insect 

pollinators and plants. However combined effect of CO2 and temperature on insect 

pollinators with changing plant phenology. For example, insect attack on plants may decrease 

and increase as result of climate change. Carbohydrate concentration will increase due to 

increase of CO2. While, temperature increase will decrease nitrogen content. Therefore, 

quality of plants will reduce due to their combined affect. There are reasonable evidences for 

consistent trend that how increase CO2 and temperature can affect primary nutrients but there 

is less studies showing consistent trend for relationship between warming and defensive 

compounds of plants. Stimulation of jasmonic acid and ethylene due to high temperature will 

increase plant defence.    

Interactive action of elevated temperature and CO2 on flowering time in relation to pollinator 

is unexplored (Hoover et al., 2012). Insect herbivores can influenced directly by changing 

carbohydrate concentration and also indirectly by affecting on plant development. There is 

no evidence of significant effect of temperature on leaf toughness but decrease in nitrogen, 

soluble sugar and starch has been reported. There is serious threat of increasing insect 

damage to plants due to combined effect of high CO2 and temperature (Zvereva and Kozlov, 

2006). Predicted effect of global change on allelochemicals has no constant trend (Bidart-

Bouzat and Imeh-Nathaniel, 2008). However, there are some studies showed that tannin and 

phenolics stimulated due to elevated carbon dioxide (Robinson et al., 2012). Elevated 

temperature increase isoprene and methyl salicylate (plant volatile compound) and help in 

plants defence against insects. These are alarm to biological control agent to come here and 

take your meal (Arimura et al., 2009; Penuelas and Staudt, 2010). While, volatile compounds 

concentration will decrease with the increase of CO2. In future, volatile compounds will 

increase as a result of combined role of elevated CO2 and temperature and it will be greater 
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than increase of CO2 and temperature separately (Gouinguene and Turlings, 2002). High 

temperature will result for increase in trypsin (Mosolov and Valueva, 2011) and avonoides 

(Djanaguiraman et al., 2011) which in term favour against herbivorous insect and pathogens 

(Maimbo et al., 2007; Niziolek et al., 2012).   

Host-pathogen can influence by environmental temperature like pathogen growth and its host 

response against it (Blanford and Thomas, 1999; Arthurs and Thomas, 2001). There is not 

well documented evidence to understand role of temperature on interaction of pathogen and 

its host (Ouedraogo et al., 2003).  

Insect immune system perform well under warmer temperature condition as high temperature 

increase insects enzymes activity like phenoloxidase, also control haemocytes numbers 

(Ouedraogo et al., 2003; Fuller et al., 2011) and antimicrobial peptides's expression (Mowlds 

et al., 2008) for proper functioning of immune system for certain period of time (Haine et al., 

2008). 

 Life stages of H. armigera quickly complete its life cycle at higher temperatures on tomato. 

(Jallow and Matsumura, 2001). They studied influence of different temperatures on H. 

armigera. Egg development ranged from 14.1 to 2.5 days with different temperatures. 

Developmental threshold and thermal constant of eggs were recorded with value of 10.5°C 

and 51 DD, respectively. Developmental threshold and thermal constant of larvae were 

recorded 13.8°C and 215.1, respectively. While, H. armigera, when was feed on corn seed, 

completed its egg duration in 11.17 days at 20°C, 7.00 days at 25°C and 4.07 days at 30°C, 

larval duration in 39.30 days at 20°C, 24.57 days at 25°C and 18.27 days at 30°C and pupal 

duration in 18.40 days at 20°C, 14.07 days at 25°C and 10.10 days at 30°C. Developmental 

threshold of 14.8, 11.3 and 8.2°C were recorded for egg, larvae and pupae, respectively. 

Thermal constant of eggs, larvae and pupae were required degree days of 64.1, 344.8 and 

222.2, respectively (Bartekova and Praslicka, 2006). Laboratory strains of cotton bollworm 

were subject to 15, 20, 25, 30 and 35oC in an experiment conducted by Wu et al. (1980). 

They concluded that threshold temperature of developmental stages of H. armigera was 

11oC. Thermal constant with value of 505 DD were calculated for immature stages. T (mean 

generation length) was estimated of 31.27 days.  
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Development duration, thermal constant and developmental threshold of eggs were 

calculated in an experiment performed by Kay (1980). Developmental threshold was 11.7oC 

whereas, 1039.4 degree days was calculated. A study with high temperature was subjected on 

eggs of H. armigera collected from field and laboratory reared H. punctigera (Wallengren). 

The study revealed that survival of H. armigera was high at 35oC whereas survival decreased 

26 to 41% at 44oC. Survival of H. punctigera was 72% and 83% at 38oC during low and high 

humidity, respectively. While, survival of H. punctigera were 23% and 27% at 44oC during 

low and high humidity, respectively. Development duration of eggs was completed 191.1 and 

2.11 days at 12.5 and 37.5oC, respectively. Larval duration was 14.52 days at 37.5oC. Pupal 

development is completed 8.33 days at 37.5oC. Alternating temperatures completes its 

development faster than constant temperatures. Developmental threshold of eggs is 11.95oC 

at constant temperatures and 5.53oC at alternating temperatures. Larval and pupal 

developmental threshold is 2.7oC at alternating temperatures. Survival was higher at 

alternating temperature as compared to constant temperatures. Alternating temperatures 

supported fecundity than constant temperatures and similarly, adult completed their 

development earlier during fluctuating temperatures. Life table is negatively affected by 

higher temperature (Mironidis and Savopoulou-Sultani, 2008). 

Short photoperiod induced pupal diapause at 20oC. In sex differentiated, short period could 

not induce diapause at female pupae (57%). Pupal diapause was determined at different 

photoperiods and also to find out stage that is sensitive to diapause. Photoperiod duration did 

not affect pupal diapause at low temperature (15oC). Last instar of larvae at its middle stage 

was determined that is sensitive to diapause. Diapause was induced in male and female, H. 

armigera (larvae/pupae) were subjected to from lower temperature and when lower to high 

temperature (Kurban et al., 2007). Cannibalism was high at higher temperature (25oC), where 

as low percentage of cannibalism was recorded at 15oC (Rojht et al., 2009). Chrysoperla 

agilis (Henry) completed its development quickly at higher temperature. While, low 

temperatures did not favour C. agilis for example, it completed its developmental period in 

62 days at lowest temperature (15oC) used. Survival percentage decreased with increase of 

temperature and also at extreme low temperature. Maximum survival was recorded 76% at 

27oC. Upper threshold for C. agilis was calculated as 36.6oC (Pappas et al., 2013). 
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Chrysoperla carnea were subjected to different temperature to study its developmental as 

well as reproductive parameters. Survival of developmental stages, like larvae were lowest at 

high temperature. Duration of all developmental stages (eggs, larvae and pupae) was short at 

higher temperatures. High temperature (35oC) proved to be lethal for C. carnea. Fecundity 

and oviposition were maximum at 25oC (Nadeem et al., 2012). Chrysoperla externa was 

subjected to 3 different temperatures then its predation against aphids (Cinara pinivora 

(Wilson) and C. atlantica, Wilson) as well as developmental period was studied. Aphids of 

small to medium size were offered to predators. Immature stage could not complete their 

development at 15oC except larvae. Maximum larval mortality was recorded at 15oC. 

Development period was long at low temperature (Cardoso and Lazzari, 2003). The 

developmental period of lacewing eggs was shorter (3.8 days) at high temperature (30oC) and 

was longer (12.3 days) at 15oC. Long larval duration was recorded in Mallada desijardinsi 

(Navas) with 24.5 days and also in C. nipponensis (Okamoto) (24.7 days) at 15oC. Threshold 

temperature in C. nipponensis and M. desijardinsi was 9.0 and 8.1oC, respectively, for eggs 

(Nakahira et al., 2005).  

2.3: Drought and insects 

Moisture deficiency is called drought (Wilhite, 1987). Drought has been defined in 

approximately 150 ways according to Wilhite and Glantz (1985). There are number of factor 

contribution to this fact for example, regional characteristics. Drought is recumbent event 

that can occur for short period of time and long period in both areas of high rainfall and low 

rainfall. Van Braavel and Verlinden (1956) described as agricultural drought as insufficient 

water leads to low level of soil moisture that is not enough for crop growth. Sometimes 

aridity considered to be same as drought but in real aridity differs from drought. Aridity 

refers to annual low average rainfall that is a permanent feature of a particular area. In 

contrast, drought refers to temporary recurring event in which low rainfall than normal 

observed in a particular area (Rosenberg, 1978).  

Fluctuation in rainfall may occur due to changing temperature which is induced by human by 

means of basic problem of pollution (IPCC, 2007). Precipitation pattern will also be changed 

due to temperature fluctuation which may increase frequency of drought (Portmann et al., 

2009). Most prediction of climate change revealed that precipitation fluctuation will be 
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extreme in most parts of world (Seager et al., 2007). Increase in temperature like atmosphere 

will be most important factor of this change (Portmann et al., 2009). It is still unclear that 

which part of world will more influenced by drought but it is acceptable to many that many 

areas will be under drought affected (Li et al., 2009). Drought influence is still unpredictable 

due to complexity involved in ecosystem (Williams and Jackson, 2007).   

Drought is one of challenging issue in the world particularly in relation to lower agricultural 

productivity. Land area (36%) of world is classified as semi-arid with annual rainfall of about 

5-30 inch and temporary drought usually affect to different crop season on remaining 64% 

area (Hurd, 1976; Kramer, 1980). Water stress may affect plant in areas other than semi-arid 

regions including tropical rainforest (Wilson et al., 2001; Grace, 1999). Drought is also a 

threat to the countries like China and USA (United States of America). In Pakistan, water 

scarcity is an eye brow and challenging issue. About 14% reduction in water availability was 

recorded for Kharif 2012 than Kharif 2011. Similarly, water was 12.4% less available to Rabi 

crops during 2012 (Govt of Pakistan, 2012-2013). Pakistan was under severe drought with 

value of 75% in year 2000-2001. Reduction in rainfall was recorded 66, 52, 20 and 13% in 

Sindh, Balochistan, NWFP and Punjab, respectively (Saeed, 2002). Phenolics can also be a 

source of carbon in plants. Photosynthesis and growth of plant determines their synthesis 

(Estiarte et al., 1994). Whereas, phenolics synthesis is mainly due to plants genetics (Coley et 

al., 1985). According to Waterman et al. (1984), defensive compounds like C: N ratio 

determines range of phenolics. Environmental factor responsible for carbon allocation in 

plants (Coleman and Jones, 1991). 

Tempel (1981) observed water stress put non-significant effect on phenolic synthesis. Water 

deficiency caused reduced crop yield at globe (Becana et al., 1998). Roots and xylem are 

affected with water stress. Weeds can perform better on drought condition than crops 

(Brodbeck and Strong, 1987). Stress severity also determines the plant response on stress 

environment. It also can change fruit taste due to modified tissues of plants. Morphological 

characters like leaf area and height of plant also reduced when grown on water stress 

conditions (Cole, 1997). Plants have evolved many strategies to tolerate or escape from the 

stress conditions. Stomatal regulation, solute accumulation and adaptation are different 

response that plants can show during stress condition.  
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Plants can tolerate drought i.e. can with stand under drought and give some yield and avoid 

drought i.e. survival of plant in drought affected area (Dethier et al., 1980; Apelbaum and 

Tang, 1981). Reduction in leaf area and leaf growth due to water stress resulted for inhibition 

of photosynthesis (Hansen and Hitz, 1982). Leaf characters like leaf pubescence increased 

under drought and hence reduced photosynthesis (Auclair, 1963). Photosynthesis inhibited 

because water stress closed stomata and increase concentration of carbon dioxide into leaves 

(Hemaprabha et al., 2004). Carbohydrate accumulation increases in cotton plant under water 

stress (Ackerson and Hebert, 1981). According to Evans et al. (1992), water stress did not 

cause any change in carbohydrate in Artemisia tridentata (Nutt). Carbohydrate accumulation 

decreased due to drought condition in soybean cotyledon (Westgate et al., 1989) and 

grapevine (Rodrigues et al., 1993). 

Water stress increase protein synthesis under water stress in Cicer arietinum (L.) (Rai et al., 

1983). While, there are also examples of decrease in protein synthesis during period of 

drought like total proteins decrease sugar beet (Shah and Loomis, 1965) and soluble protein 

decrease in bermuda grass (Barnett and Naylor, 1966). Drought decreased concentration of 

Glycolipids in cotton and wheat (Chetal et al., 1981; Ferrari Ilou et al., 1984). In sunflower, 

water stress decreased phospholipids (Quartacci and Navari-Izzo, 1992; Navari-Izzo et al., 

1993). Glycolipid increased in soybean and total lipid contents also increased in alfalfa 

(Navari-Izzo et al., 1990).  

Shoot growth was inhibited in flacca during drought condition. Root density was increased in 

stressed plants (Prokic and Stikic, 2011). Plant height and some other parameters like head 

diameter were significantly different irrigation frequency. Maximum yield of sunflower was 

recorded at 6 irrigations (Bakhsh et al., 1999). Water stress caused more effect on flowering 

stage and resulted in decrease of sunflower yield (Anderson, 1979). Cultivars showing 

tolerance towards drought increase their transpiration at time of water stress (Ashraf and 

O'Leary, 1996). 

Different genotypes of tomato were evaluated under irrigated and drought conditions. 

Relative yield values were recorded 0.81 and 0.83 for irrigated and drought plots, 

respectively. Parwaz 94 gave high yield during treatments (Ahmad et al., 2003). Root length 

increased both in temperature and drought stress. While, their interaction resulted in decrease 

of root morphological characters and thickness of leaf tissue (Sun et al., 2012). Maize was 
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subjected to drought to study physiological study of its roots. Two varieties of maize was 

used for study one was drought tolerant (JK-628) and other was drought susceptible (ND-95) 

and their yield was also recorded. JK-628 showed increase in root/shoot ratio at earlier stages 

of its growth and 33.7% yield decrease was found in it. ND-95 influenced badly by drought 

at all stages and resulted in 62.3% loss in its yield. Protein content was recorded higher than 

ND-65 (Qi, 2010). 

Leaf quality deteriorated with decrease in nitrogen. Helicoverpa armigera showed reduced 

growth rate on nitrogen limiting leaves. Higher contents of phenolics and poor quality leaves 

tended to lower biomass gained. Similarly, insect could not ingested biomass of poor quality 

leaves. Helicoverpa armigera did not ingest more food as compensation of low nitrogen in 

leaves (Estiarte et al., 1994). Number of nodes and plant height were significantly reduced in 

water stress treatment than irrigated plants. Irrigated plants gave high yield than plants that 

were cultivated under drought. Whiteflies eggs did not affect by irrigation differences but 

were reduced in stressed plants. Natural enemies caused higher reduction of whitefly 

population than plant quality (Asiimwe et al., 2013). Almost half of population difference 

was observed in weekly irrigated plots and biweekly irrigated plots. Reduction in whitefly 

population was recorded to 45-69% in weekly irrigated plants and 22-36% reduction in 

biweekly irrigated plots (Flint et al., 1994). 

Water stress plants did not caused any effect on G. ashmeadi (Girault) whereas Homalodisca 

vitripennis (Germar) showed negative response towards water stress. However, this response 

was nonlinear. Moderate irrigation treatment was highly preferable to H. vitripennis than 

extreme levels of irrigation. Population of H. vitripennis nymph was less in control treatment 

than treatment with 80% ETc (evapotranspiration rate). Results suggested that plants with 

moderate water stress were more nutrient rich and have water level enough for fluid 

extraction than other treatments. In an experiment, conducted by Krugner et al. (2012), H. 

Vitripennis and Gonatocerus asheadi (Girault) movement was observed at different irrigation 

treatments in citrus orchards. Irrigation treatments were different evapotranspiration rate, 

ETC (100, 80 and 60%) of crop. Adult's movements of H. vitripennis were similar and 

constant for treatments. Homalodisca vitripennis had chosen irrigated plots with high ETc 

than low ETc plots. Adults of G. asheadi preferred 80 ETc irrigation treatments as H. 
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Vitripennis did. Herbivore could cause more damage on plants having low nutrients (Moran 

and Hamilton, 1980). 

A study was carried out to investigate parasitoids and predator of borer pest of corn in 

Nebraska. Corn with water stress did not showed significant effect on larval parasitism of 

corn borer by Eriborus terebrans (Gravenhorst). Arthropods showed positive response 

towards drought stressed plant than plants that were subjected to normal irrigation (Godfrey 

et al., 1991). Sucrose promoted growth of Spruce budworm and increased in concentration 

during drought. As a result budworm larvae showed higher growth on drought (Harvey, 

1974; Mattson et al., 1983; Mattson and Haack, 1987). Its population can also be reduced 

due to absence of natural enemies like Apanteles fumiferanae (Viereck) because it cannot 

survive at 26.6oC which is usually a temperature during drought (Hudes and Shoemaker, 

1988, Nealis and Fraser, 1988). Reduced activity of Chilo agamemnon (Bles.) was recorded 

on water stress plant by Karaman et al. (1998). However, Reynolds et al. (1959) reported that 

Elasmopalpus linnosellus (Zeller) can be controlled by timely application of irrigation. Plant-

mediated effects of soil invertebrates and summer drought on above-ground multitrophic 

interactions (Johnson et al., 2011).  

Field study was conducted to find out role of summer drought and Aporrectodea caliginosa 

(Savigny) on barley, shepherd's purse and also on groundsel then aphid and its parasitoid, 

Aphidius ervi (Haliday). Earthworm increased 11% of biomass of plant communities. While, 

almost 25% biomass was reduced. Concentration of nitrogen was increased under drought in 

H. vulgare L. Drought and earthworm could not significantly affect shepherd's purse. Almost 

50% reduction was found in aphid under drought and its reduction further reduced with 

interactive affect of earthworm. Aphidius ervi was positively correlated with abundance of 

aphid but also parasitoids were negatively affected by drought. Study supported predicted 

response of tritrophic interaction under scenario of climate change (Johnson et al., 2011). 

A study carried out to determine response of Rhopalosiphum padi L. and Aphidius ervi 

towards drought stressed Hordeum vulgare L. Dry mass reduction was recorded about 39% 

due to aphids population whereas drought caused 33% reduction in dry mass of H. vulgare.  

Leaf concentration of nitrogen reduced with value of 13%. While 28% reduction of nitrogen 

was found in roots. Drought did not caused significant affect on aphid population but adults 



 

22 

 

and nymphs were inconsistently affected with adults and nymph. Adult population was 

constituted of 41% and 26% on plants under drought and irrigation condition, respectively. 

Nymph population was constituted 56% on drought and 69% on irrigated plants. Aphid 

parasitism was recorded low on drought than aphid on irrigated. This study encourages 

expected influence of climate change on interaction of plant and insects (Aslam et al., 2013).  

According to Showler and Moran (2003), Spodoptera exigua (Hubner), preferred to lay eggs 

on plants, stressed with water as compared to well irrigated plants with irrigation treatments 

i.e. 750, 1000, 1500 and 400 ml/water. Third instar larvae preferred feeding was on well 

irrigated plants as shown by weight gained on non stressed plants. Larval weight of third 

instar was recorded 0.02 g on well irrigated plants. While, larval weight of 0.01, 0.009 and 

0.008 were recorded on 1500, 1000 and 750 ml/wk, respectively. Chemical analysis of leaves 

showed higher concentration of nutrients (Soluble protein, free amino acids and soluble 

carbohydrate) on stress plants. However, mortality of armyworm was also high in stressed 

plants may be due to limiting water. Oviposition of Orius insidiosus (Say) was observed on 

stressed and non stressed Phaseolus vulgaris L. Eggs were laid more on stressed plants with 

value of almost 70%. There was no significant difference for first instar larvae for treatments 

(Michael et al., 2011) 

2.4: Integrated Pest Management 

Neem belongs to Meliaceae family, grows fast and distributed worldwide. It usually grows 

on semi-arid and also on semi humid climatic conditions but can grow in the areas having 

low rainfall (<500 mm) annually. A tree at age of 4-5 years can give fruits with values ranged 

30-50 kg/tree. Neem has a range of active ingredient that can repel insects and have adverse 

effect on insect growth. Azadirachtin, nimbin and salanin are linomonoids which are newly 

discovered. It is more effective than other linomonoids such as nimbin and salanin. It cannot 

kill insects immediately but can repel and disturb growth of insects. It is structurally parallel 

to ecdysone (insect hormone involved in metamorphosis) (NRC, 1992).     

Application of neem extracts successfully control against H. armigera on chick pea crop 

(Sachan and Lai, 1993). Azadirachtin applied on third instar larvae of face fly. Mortality at 

larval and pupal stage was increased in azadirachtin treated larvae. It also reduced egg 
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hatching (Gaaboub and Hayes, 1984). Neem extracts reduced fecundity. It increased 

mortality when applied to larvae and pupae of pest of potato (Zehnder and Warthen, 1988).  

Nilaparvata lugens population was decreased when neem oil was applied on rice crop for 

controlling the pest. In laboratory, survival was decreased in neem treatments (Saxena and 

Khan, 1985). Minimum larval population (0.37) was recorded in neem treatment. Similarly, 

pod damage was reduced (10.8%). As a result of neem application, yield was increased to 

15.9 q/ha and high C:B ratio (1:2.47) was calculated (Bhushan et al., 2011). Helicoverpa 

armigera was treated with neem at its second and third larval instar under laboratory. 

Bioassay revealed that neem caused significant reduction in survival of H. armigera. In 

particular, H. armigera was most susceptible to neem at its 2nd instar and neem leaf extract 

in combination with neem seed kernel oil caused 50% mortality to the pest whereas this 

combination caused 40% mortality (Wakil et al., 2008).  

Pod damage in chickpea was reduced when neem applied against H. armigera (Tebkew et 

al., 2002). Pod damage was significantly low in treatments sprayed with neem than untreated 

(Sahgal and Ujagir, 1990). Neem can be used to control H. armigera instead of synthetic 

insecticides, due to it is safe to natural enemies (Sadawarte and Sarode, 1997).  Neem extract 

were applied both under laboratory and field conditions. In laboratory, neem applied at fourth 

instar at different concentration ranged from 1-10% concentration. In field, it was tested at 

5% concentration. Maximum mortality was caused at higher concentration in laboratory. 

There was also a significant reduction in population of H. armigera in plants that were 

sprayed with neem. Maximum yield with 781g per plot was recorded in neem treatment 

(Lulie and Raja, 2012). In laboratory, neem alone and with combination of 

Nucleopolyhedrovirus (NPV) and chlorantraniliprole wastested against population of H. 

armigera that were collected from different areas. Mortality of H. armigera was less in neem 

treatment but neem in combination with NPV and chlorantraniliprole caused high mortality 

(Wakil et al., 2012).  

Natural food (leaves/pods/bolls) were treated by neem extract with different extraction 

method and given to H. armigera with a control. The target stages used in test were both 

neonates and full grown larvae. Neem extract by choloroform: methanol caused higher 

mortality. Early stage of pest was highly susceptible to neem extract (Jaglan et al., 1997). 

Response of neem was observed on biological parameters of H. armigera with choice 

condition and also with non-choice condition. Weight of early instars decreased which 
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survived on neem but older larvae could not survive on neem leaves (Ma et al., 2000). 

Botanical oils with different formulation were tested their ovicidal activity for H. armigera. 

Egg hatching was reduced in all treatments with oil application. Ponneem (Pungam oil + 

Neem oil) had high ovicidal activity with value of 76.74%. Minimum ovicidal activity of 

value 31.34% was recorded in pungam oil when applied alone (Packiam et al., 2012).  

Spinosad, insecticide developed with new chemistry, is used to control chewing and sucking 

pests of crops like vegetables, ornamental plants and fruits etc. It is derived from soil 

microorganism, (bacterium, Saccharopolyspora spinosa) in the form of waste product which 

is fermented. Insect mortality can occur within 48 hours after ingesting toxin. Excitement in 

nervous system occurred in insects due to Spinosad. Spinosad is less toxic (LD> 5000 

mg/kg) for mammals but toxic to honeybees (0.5 ug/g). Spinosad is environmental safe 

because it degrades quickly when expose to sunlight. Carcinogenic effects for vertebrates are 

not known for Spinosad. Therefore, in 1999, EPA labelled this compound ''reduced risk'' 

(Thompson et al., 2000). It is used against pests belongs to order lepidoptera, diptera, 

isoptera, thysanoptera and dermaptera (Legocki et al., 2010). 

Neonates of H. armigera were exposed to Spinosad for determination of its mortality under 

laboratory. Results showed that Spinosad caused significant mortality in pest. Spinosad 

caused complete mortality for first instar at concentration of 330 ppm. While, mortality 

(4.67) was recorded against 2nd instar at 400 ppm (Khan et al., 2010). Different insecticides 

(Spinosad, cypermethrin, lambda cyhalothrine and quinalphos) were sprayed in tomato field 

to control its fruit borer in 2006-2007. Maximum reduction in borer population was caused 

by Spinosad at dose of 84 gm a.i./ha on tomato and okra. Similarly, C. carnea population 

was high (1.06 per 10 branches) at this dose in tomato crop (Ghosh et al., 2010).   

Females of H. armigera were exposed Spinosad with different concentrations. Percent 

hatching was reduced at 0.1 mgL-1. While, at 2.5 mgL-1, zero hatching was observed. LC99 of 

73 mgL-1 for 24 hrs was calculated on males collected from field in trap. Spinosad could not 

inhibit proboscis even at higher dose. Similarly, due to higher concentration of Spinosad, H. 

armigera did not stop feeding (Lopez et al., 2011). 

LC50 was recorded 0.13, 0.31, 3.69, 11.20 and 595.05 mg ai/L for Spinosad, hexaflumuron, 

profenofos, thiodicarb and diflubenzuron, respectively, against H. armigera. The results 

showed that Spinosad is toxic to H. armigera than other insecticides. Spinosad was found 

safe to H. hebetor with LC50 value of 15.64 mg ai/L (Dastjerdi et al., 2008). 
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In chickpea, H. armigera susceptibility to chemical control (Spinosad, cypermethrin, 

methomyl and indoxacarb) was estimated under both laboratory and field. Spinosad was 

highly effective to control H. armigera infestation which was followed by indoxacarb and 

methomyl. Cypermethrin was not successful to control pest. Laboratory experiment 

confirmed effectiveness of Spinosad as recorded in field. The results suggested that Spinosad 

can be an alternative to cypermethrin (Ahmad et al., 2004). Spinosad and indoxacarb were 

sprayed in cotton plants to prevent damage caused by H. armigera. Spinosad (0.03 larvae 

plant-1) and inodoxacarb (0.04 larvae plant-1) prevent second generation of H. armigera to 

cause damage in cotton plants but both were statistically at par with each other (Cheema et 

al., 2004).  

To evaluate compatibility of Spinosad in IPM, Spinosad were applied on different stages of 

C. carnea in laboratory. At early instar, Spinosad caused 33% mortality at 250 ppm whereas 

67% mortality was observed at 2500 ppm. Mortality of 3rd instar was not significantly 

different from control treatment.  Results suggested that early instars are more susceptible to 

Spinosad than later instars (Maroufpoor et al., 2010). Larvae of C. carnea were tested against 

Spinosad, were less susceptible than adults of C. carnea (Medina et al., 2001). Natural 

enemies (predators and parasitoids) were reviewed when subjected to application of 

Spinosad. Spinosad did not put harmful effect on predator both in laboratory (71%) and field 

(79%) studies. Laboratory and field studies, 78 and 86% respectively, showed that 

parasitoids are susceptible to Spinosad. Sub-lethal effects were also not found significantly 

different in predators. While, biological parameters of parasitoids like longevity and 

reproduction significantly reduced due to exposure to Spinosad (Williams et al., 2003).
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CHAPTER -3 

MATERIALS AND METHODS 

3.1: Study area for monitoring of H. armigera (Hubner) and its natural enemies  

The Experiment was conducted in farmer's fields in three districts of Punjab, i.e. Faisalabad, 

Multan and Rahim Yar Khan during the cotton growing season of 2010 to 2011.  

3.1.1: Geographical and ecological features of Faisalabad 

This area is in the central mixed zone in the agro-ecological zones of Punjab. Faisalabad is 

situated at the rolling flat plane of the North East of the Punjab. This region is almost at the 

plain level, about 186.54 m above sea level. The longitude 73o, 74o while latitude 30-31.5o 

North. During the summer, the maximum temperature is 49°C and its minimum temperature 

is -1°C during winter. The May is the start of the summer season while the October is the end 

of summer season. The winter season starts in November and ends in March. In the winter 

season, the maximum temperature is near 21°C and minimum temperature is 6°C. The 

average yearly rainfall is (400 mm) and it occurs around the months of July and August. 

3.1.2: Geographical and ecological features of Multan. 

The Multan area is in the cotton zone in the agro-ecological zone of Punjab. The city lies 

between 30.2o N and 71.45o E and is at 740 feet above the sea level. The River Chenab 

passes near the Multan city so; sometimes it has some humid conditions. The summer starts 

from the month of April and ends at the month of October. The winter season starts from 

November and ends in March. The Multan district has a very severe climate with high 

temperatures of 50°C and very cold winter about 1°C. The average rainfall is (127 mm). The 

land of the district Multan is very plane and fertile. Moreover, the area which is closest to the 

Chenab River is flooded during the monsoons season. 

3.1.3: Geographical and ecological features of Rahim Yar Khan 

The district lies between 27.40-29.16o North latitudes and 60.45-70.01o East longitudes. The 

climate of the district is hot and dry in the summer and cold and dry in the winter. The 

summer season is comparatively longer. It starts in April and continues till October. The 

winter season goes from November to March. However, the months of March and November 
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are pleasant. Dust storms are frequent during summer season. The average rainfall per year is 

about 100 mm. 

3.2: Monitoring of H. armigera and its natural enemies 

The non-transgenic cotton cultivar, FH-118, was cultivated in each district in an area of 4 

hectares. The fields were evenly aparted. There were three replications in each district. 

Adults were surveyed by funnel traps which were sagged on rods made of steel to harden into 

soil at distance of one meter from soil surface. Height of traps was adjustable and depended 

on crop canopy. Distance of 100 m was maintained among traps. Five traps were deployed in 

each replication. Rubber septa was percolated with {(Z11, Z9) 16Al hexadacanal} and strung 

out in middle of lower lid but above funnel. The lures were recouped fortnightly in order to 

sustain their efficiency (Lopez et al., 1987). All cultural practices were evenly performed 

during cotton season. No control measures on plants were applied during study. Funnel traps 

were made slippery by applying boric acid. Dimethyl Dichlorovinyl Phosphate (DDVP) was 

impregnated with plastic chunk to kill captured males and retrieved after four to five weeks.  

The weekly captured adults were counted during July-October for season 2010-2011 in 

cotton. Twenty five plants were scouted from each replication to record H. armigera larval 

population/plant. Larval population of predator, C. carnea was observed on 25 arbitrary 

selected plants. To determine parasitism, total 50 larvae of H. armigera were collected from 

each replication. Larvae were kept individually and provided by artificial diet into larvae 

containing tubes (Ahmad et al., 1995) and covered by cotton wool and transported to IPM 

laboratory. Percent parasitism was calculated for each collection as described by Gould et al. 

(1992). The data regarding the adults per pheromone trap was graphed for two years. The 

data collected from each district was subjected to multi factor analysis of variance and means 

were compared by Tukey's Honest Significant Difference (HSD) test at P<0.05.  

    Total number of larvae killed by parasitoid 

Percentage Parasitism =   ---------------------------------------------------------  X 100 

    Total number of larvae collected in a sample 

 

Meteorological data were collected from the Department of Crop Physiology, University of 

Agriculture, Faisalabad; Central Cotton Research Institute and Cotton Research Institute, for 

district Faisalabad, Multan and R.Y. Khan, respectively, to study the influence of abiotic 

factors on pests and C. carnea and seasonal percent parasitism. Pearson correlation was used 
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to determine the relationship between H. armigera, C. carnea, percent parasitism and abiotic 

factors (temperature and relative humidity). The combined effect of temperature and relative 

humidity was determined by using multiple linear regression. 

3.3: Temperature studies under laboratory conditions 

3.3.1: Mass rearing 

3.3.1.1: Rearing of H. armigera 

Adults collected from the fields were placed in plastic jars (1.5 cm diameter and 30 

cm depth) covered with muslin cloth. Ten percent solution of honey in water was provided, 

in soaked cotton pads to feed adults. A piece of nappy liner was hung inside the jar, in order 

to collect eggs laid by female adults. Larvae were reared on the artificial diet. The larvae 

were fed in the laboratory on a semi-synthetic diet, consisting of chickpea flour (300 g), 

ascorbic acid (4.7 g), methyl-4-hydroxybenzoate (3 g), sorbic acid (1.5 g), streptomycin (1.5 

g), corn oil (12 ml), yeast (48 g), agar (17 g) and distilled water (1300 ml) with a vitamin 

mixture. 

3.3.1.2: Rearing of C. carnea 

Chrysoperla carnea was mass reared on eggs of Sitotroga cerealella therefore, establishment 

of S. cerealella was first to be reared. Sitotroga cerealella was cultured on tiny cages which 

contain three trays; each tray was filled with 3 kg of wheat. Sitotroga cerealella eggs with 

weight of 0.3gm were placed in each tray. Laboratory temperature was maintained at 25+2oC 

with relative humidity of 60±5%. Top of cages were enclosed whereas plastic jar, enclosed 

by 3 mm sieve at its bottom, with the help of funnel was tied at bottom of cages. A plastic 

plate, contained flour, was placed under the jar. Adults of S. cerealella were collected in 

plastic jars through funnel after their emergence. While, eggs of S. cerealella were collected 

from the plats having graded flour and which were screened by a sieve of 2 mm. Eggs were 

frozen to stop hatching. Chrysoperla carnea larvae were fed on eggs of S. cerealella. Larvae 

of C. carnea were reared in gelatine capsules (500 mg). Each capsule was filled with 0.03 gm 

eggs of S. cerealella for one larva in a capsule. Capsules were opened up to collect pupae. 

The pupae were placed in a separate Petri plates. Adult of C. carnea were reared in plastic 

cages. A black card sheet was placed at the top of cages for oviposition. Artificial diet 
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consisted of honey: distilled water: yeast, 1:1:1 were used as adult feed. This diet was poured 

in holes of plastic rod which were fitted across two sides of cages.   

3.3.1.3: Rearing of H. hebetor 

The Greater Wax Moth, Galleria mellonella L., larvae, pupae and adult, were 

collected from the infested bee hives. The adult were kept in plastic jars 5 cm diameter and 

30 cm deep, for mating and egg collection and the larvae were reared on artificial diet. These 

jars were incubated in a growth chamber, at optimum conditions of 31±1°C and 65±1% RH. 

The adults of H. hebetor were collected from the field. The adults were reared, in the 

laboratory, on the larvae of the Greater Wax Moth, G. mellonella L., as a host under 29±1°C 

and 65±1% RH, with 16:8 L:D hours, in glass vials of 2 cm diameter and 10 cm depth. Each 

vial contained 4th and 5th instar larvae of the host, with one female of parasitoid and provided 

with cotton swabs soaked in 20% honey solution in water, as a source of food for H. hebetor 

adults. After 24 hrs, the female of parasitoid were moved to another vial with the same 

number of larvae, while parasitized were incubated at optimum conditions described above.  

Larvae were examined daily until pupation for molting and mortality.  

3.3.2: Influence of temperature on development of H. armigera 

Freshly laid eggs were placed into Petri dishes and subjected to a range of constant 

temperatures, i.e. 10, 15, 20, 25, 30, 35 and 40oC in insect growth chamber. A batch of eggs 

(1000) was placed at each temperature. Hatching of eggs was recorded daily at 10, 15, 20 and 

25oC. While, it was recorded at 12 hr interval for 30, 35 and 40oC temperatures. Larvae were 

placed in individual Petri dishes to avoid cannibalism with artificial diet. Larval development 

was recorded daily until pupation. Duration of pupal development was also observed. 

Survival of each developing stage was recorded at each temperature. 
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3.3.2.1: Reproductive potential and longevity of adults of H. armigera  

Adults were subjected to each temperature treatment to determine longevity and their 

reproduction. Thirty pairs of adults were placed individually in plastic jars which were 

provided by 10% sucrose as adult diet. 

3.3.3: Influence of temperature on development of C. carnea 

Eggs of C. carnea were placed into Petri plates at constant temperatures, i.e. 10, 15, 20, 25, 

30, 35 and 40oC in insect growth chamber. Hatching of eggs was observed daily at 10, 15, 20 

and 25oC and it was recorded at every 12 hr interval at higher temperatures (30, 35 and 

40oC). Larvae were placed individually into Petri dishes contained first instar larvae of H. 

armigera. Development of larvae was recorded daily until pupation. Similarly pupal 

development was recorded until adult emergence. Survival of eggs, larvae and pupae was 

also recorded.  

3.3.3.1: Reproductive potential and longevity of adults of C. carnea  

Adult emerged from pupae were paired and 30 pairs of adults were placed individually in 

small plastic jars at each temperature treatment. Adults were fed with 10% sucrose and 

longevity and reproduction (oviposition and fecundity) of each pair was recorded. 

Experiments were replicated three times. 

3.3.4: Influence of temperature on development of H. hebetor 

An egg of parasitoid on a larva of H. armigera was placed in plastic Petri dish at constant 

temperatures, i.e. 10, 15, 20, 25, 30, 35 and 40oC in insect growth chamber. Duration for 

development of eggs was recorded at 4hr interval and larval stage development was observed 

at 24-hrs interval. 

3.3.4.1: Reproductive potential and longevity of adults of H. hebetor  

After emergence, male-famale pairs (30) of parasitoids were placed into a separate glass jars 

held in an incubator of desired temperature from 15-35oC and these pairs were provided daily 

with adequate numbers of host larvae on a suitable growth media. Replace host larvae daily 
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till the death of the female. Observations were recorded on fecundity and longevity of male 

and females untill their death. 

 

3.3.4.2: Parasitism of H. hebetor 

Each pair of adults was provided daily with 10 larvae of H. armigera until death of female to 

determine its parasitization efficiency at constant temperatures (15-35oC). Number of 

parasitized larvae was observed after 24 hours and percent parasitization was calculated for 

each temperature. 

3.3.5: Statistical analysis 

Effect of different temperatures on developmental stages and reproduction was analyzed  by 

analysis of variance by using SPSS software and means were compared by Tukey's Honest 

Significant Difference (HSD) test at P<0.05. The effect of temperature on insect development 

was established using a linear regression. The linear regression was Y = a + bX, where "Y" is 

the developmental rate at each temperature level, "a" is the intercept, "b" is the slope of the 

line and "X" is the temperature. Only those temperatures were used to calculate regression 

which was linear to developmental rate. The degree-days (DD) and threshold temperature or 

developmental threshold (To) were calculated as DD = 1/b and To = -a/b (Mironidis and 

Savopoulou-Soultani, 2008). Calculations were made through statistical package SPSS.  

3.4: Drought Experiment (impact of drought on H. amrigera, C. carnea and parasitism 

by H. armigera) 

Different non transgenic cotton genotypes,  i.e. FH-941, FH-187, FH-4243, FH-1000 and 

FH-207, were sown in a factorial Randomized Complete Block Design (RCBD) to screen 

drought resistant genotype against H. armigera. Plot size of each treatment was 20 feet X 25 

feet. Experiment was replicated three times. There were two treatments, i.e. irrigated and 

non- irrigated. Non-irrigated treatment got only post sowing irrigation for normal plant 

distribution and normal irrigation schedule were followed for irrigated treatment.   

Routine weekly crop scouting was started from first week of July to last week of October to 

determine larval population of H. armigera per plant. Scouting was consisted of visual 

inspection of 25 plants in each cotton genotypes in each of three replication. The percent 
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damage was calculated for each cotton genotype in both irrigated and non-irrigated 

treatments.  

 

    Damaged fruiting bodies 

Percentage Damage =       ------------------------------------ X 100 

    Total fruiting bodies 

 

To determine parasitism, total 50 larvae of H. armigera were collected from each replication. 

Larvae were placed individually in plastic tubes containing artificial diet for H. armigera and 

plugged with cotton wool. The composition of artificial diet has described above. Each 

collection was placed in a paper bag, which were labelled with date of collection, and 

transported to IPM laboratory, Department of Entomology, University of Agriculture, 

Faisalabad. Percent parasitism was calculated for each collection. C. carnea population was 

monitored on 25 randomly selected plants.  

    Total number of larvae killed by parasitoid 

Percentage Parasitism =      --------------------------------------------------------- X 100 

    Total number of larvae collected in a sample 

 

The data were subjected to two way factorial analysis to determine difference in treatments. 

Means were compared using Tukey's Honest Significant Difference (HSD) test at P<0.05.  

3.5: Integration of various control methods for management of H. armigera 

3.5.1: Experiment layout 

Integrated pest management modules were evaluated against cotton bollworm, H. armigera 

at two different locations, i.e. a farmer’s field near Postgraduate Agricultural Research 

Station (PARS), University of Agriculture Faisalabad and a farmer's field near Chack Jumra, 

Faisalabad. Cotton, FH-4243 (screened resistant genotype), was sown on 15 May, 2013 in a 

farmer’s field near Postgraduate Agricultural Research Station (PARS), University of 

Agriculture Faisalabad and 17 May, 2013 in farmer's field near Chack Jumra, Faisalabad in a 

Randomize Complete Block Design (RCBD). There were three replications for each 
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treatment. Plot size of each treatment was 9.1 m × 10.7 m in each locality whereas row-to-

row and plant-to-plant distance was maintained 0.85 m and 0.20 m, respectively.  

3.5.2: Treatment Applications 

Treatment-1 (spray of Spinosad) (Tracer®, 200ml/ha) 

In this treatment, ten sprays of Spinosad were applied by knapsack sprayer at the 

recommended dose rate whenever the population infestation of H. armigera reached its ETL 

(3 larvae/eggs per 25 plants). 

Treatment-2 (spray of neem seed kernel extract) (Neemosal®, 1500 ml/ha) 

In this treatment, ten sprays of neem seed kernel extract were applied by knapsack sprayer at 

the recommended dose rate whenever the population infestation of H. armigera reached its 

ETL (3 larvae/eggs per 25 plants). 

Treatment-3 (releases of C. carnea) (150 cards/ha) 

In this treatment, ten releases of C. carnea in form of eggs cards were made at fortnightly 

interval. 

Treatment-4 (releases of H. hebetor (100 capsules/ha)  

In this treatment, five releases of H. hebetor in form of capsules were made at fortnightly 

interval. 

Treatment-5 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract)] 

In this treatment, five sprays of each of Spinosad and neem seed kernel extract were applied 

by knapsack sprayer at the recommended dose rate whenever the population infestation of H. 

armigera reached its ETL. Alternative sprays of Spinosad and neem seed kernel extract were 

applied. 

Treatment-6 [T1 (spray of Spinosad) + T3 (releases of C. carnea)] 

In this treatment, five sprays of Spinosad and five releases of C. carnea cards were used up. 

Spinosad application was done by knapsack sprayer at the recommended dose rate whenever 
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the population infestation of H. armigera reached its ETL. The cards of C. carnea eggs were 

installed after 7 days of Spinosad spray.  

Treatment-7 [T1 (sprays of Spinosad) + T4 (releases of H. hebetor)] 

In this treatment, five sprays of Spinosad and three releases of H. hebetor capsules were 

carried out. Spinosad application was done by knapsack sprayer at the recommended dose 

rate whenever the population infestation of H. armigera reached its ETL. The capsules of H. 

hebetor were installed after 7 days of Spinosad spray.  

Treatment-8 [T2 (spray of neem seed kernel extract) + T3 (releases of C. carnea)] 

In this treatment, five sprays of neem seed kernel extract and five releases of C. carnea cards 

were exercised. Neem seed kernel extract application was done by knapsack sprayer at the 

recommended dose rate whenever the population infestation of H. armigera reached its ETL. 

The cards of C. carnea eggs were installed after 7 days of neem seed kernel extract spray.  

Treatment-9 [T2 (spray of neem seed kernel extract) + T4 (releases of H. hebtor)] 

In this treatment, five sprays of neem seed kernel extract and three releases of H. hebetor 

capsules were carried out. Neem seed kernel extract application was done by knapsack 

sprayer at the recommended dose rate whenever the population infestation of H. armigera 

reached its ETL. The capsules of H. hebetor were installed after 7 days of neem seed kernel 

extract spray. 

Treatment-10 [T3 (releases of C. carnea) + T4 (releases of H. hebetor) 

In this treatment, five releases of C. carnea and three releases of H. hebetor were made. The 

releases were started at the initiation of flowering stage and continued at an interval of seven 

days. After every two releases of C. carnea, one release of H. hebetor was carried out. This 

practice was carried out till the maturity of the crop. 

Treatment-11 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T3 

(releases of C. carnea)] 

In this treatment, three sprays of Spinosad, three sprays of neem seed kernel extract and three 

releases of C. carnea were used up. Firstly, the spray of Spinosad was done by knapsack 
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sprayer at the recommended dose rate when the population infestation of H. armigera 

reached its ETL. Second spray of neem seed kernel extract was applied when the population 

of H. armigera reach to its ETL. After seven days of neem seed kernel extract application, 

release of C. carnea was made. This sequence of three practices was carried out till the 

maturity of the crop. 

Treatment-12 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T4 

(releases of H. hebetor)] 

In this treatment, three sprays of Spinosad, three sprays of neem seed kernel extract and three 

releases of H. hebetor were used up. Firstly, the spray of Spinosad was done by knapsack 

sprayer at the recommended dose rate when the population infestation of H. armigera 

reached its ETL. Second spray of neem seed kernel extract was applied when the population 

of H. armigera reach to its ETL. After seven days of neem seed kernel extract application, 

release of H. hebetor was made. This sequence of three practices was carried out till the 

maturity of the crop. 

Treatment-13 [T1 (spray of Spinosad) + T3 (release of C. carnea) + T4 (release of H. 

hebetor)] 

In this treatment, three sprays of Spinosad, three releases of C. carnea and three releases of 

H. hebetor were carried out. Firstly, the spray of Spinosad was done by knapsack sprayer at 

the recommended dose rate when the population infestation of H. armigera reached its ETL. 

After seven days of Spinosad application, releases of C. carnea and H. hebetor was done 

simultaneously. Second spray of Spinosad was applied when the population of H. armigera 

reach to its ETL again followed by releases of C. carneaa and H. hebetor 7 days post 

application of Spinosad, simultaneously. This sequence of three practices was carried out till 

the maturity of the crop. 

Treatment-14 [T2 (spray of neem seed kernel extract) + T3 (release of C. carnea) + T4 

(release H. hebetor)] 

In this treatment, four sprays of neem seed kernel extract, three releases of C. carnea and two 

releases of H. hebetor were made. Firstly, the spray of neem seed kernel extract was done by 

knapsack sprayer at the recommended dose rate when the population infestation of H. 
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armigera reached its ETL. After seven days of Spinosad application, releases of C. carnea 

and H. hebetor was done simultaneously. Second spray of neem seed kernel extract was 

applied when the population of H. armigera reach to its ETL again followed by releases of C. 

carnea and H. hebetor 7 days post application of neem seed kernel extract, simultaneously. 

The releases of H. hebetor were not made for the third time. This sequence of three practices 

was carried out till the maturity of the crop. 

Treatment-15 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T3 

(release of C. carnea) + T4 (release of H. hebetor)] 

In this treatment, three sprays of Spinosad, three sprays of neem seed kernel extract, two 

releases of C. carnea and two releases of H. hebetor were exercised. Firstly, the spray of 

Spinosad was done by knapsack sprayer at the recommended dose rate when the population 

infestation of H. armigera reached its ETL. A spray of neem seed kernel extract was applied 

when the population of H. armigera reach to its ETL again followed by releases of C. carnea 

and H. hebetor 7 days of post application of neem seed kernel extract, simultaneously. This 

sequence of practices application was repeated again at ETL. Later on, when H. armigera 

reached ETL again, a spray of Spinosad and neem seed kernel extract was applied 

alternatively till the maturity of the crop.  

3.5.3: Data Collection and statistical analysis 

Twenty five plants were randomly selected for H. armigera population from each treatment. 

Dose of C. carnea, H. hebetor, neem seed kernel extract (Neemosal®) and Spinosad 

(Tracer®) was 150 egg cards/ha, 100 capsules (10 pupae/capsule), 1500 ml/ha and 200 

ml/ha, respectively. The data were statistically analyzed for analysis of variance by SPSS 

software and means were compared with Tukey's HSD test at P<0.05. 

Cost Benefit Ratios (CBR) for each treatment was calculated in order to determine the most 

economical and effective control method for recommendation to the farmers. The procedure 

for calculating CBR is as follows: 

   Net Income 

CBR =  ------------------------------------- 

  Total Expenditure of Treatment 
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Treatments are followed used in the experiment to integrate management strategies. 

Sr. no Treatments 

T1 T1 

T2 T2 

T3 T3 

T4 T4 

T5 T1 X T2 

T6 T1 X T3 

T7 T1 X T4 

T8 T2 X T3 

T9 T2 X T4 

T10 T3 X T4 

T11 T1 X T2 XT3 

T12 T1 X T2 X T4 

T13 T1 X T3 X T4 

T14 T2 X T3 X T4 

T15 T1 X T2 X T3 X T4 

T16 Control 

**Treatment 1 = Spinosad, Treatment 2 = Neem seed kernel extract, Treatment 3 = C. 

carnea, Treatment 4 = H. hebetor 
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CHAPTER -4    

RESULTS AND DISCUSSION 
SECTION-I                                                                               

4.1: Seasonal incidence of H. armigera and its natural enemies in different 

localities  

 
4.1.1: Population of adults of H. armigera at various localities 

 

4.1.1.1: Adult population per trap in Faisalabad 

 

Adults of H. armigera first appeared in traps in the first week of July in the year 2010. The 

peak population of adults (3.76 adults/trap/week) was on the last week of July. After this, the 

adult population started to decrease and again started to build up on the second week of 

August 2010. The second peak of adult was 5.07 adults/trap/week on the second week of 

September and the population started to decrease on the third week of September from 4.4 to 

0.2 adults/trap/week (Fig. 2). 

Results (Fig. 2) showed that in 2011, the adult population was comparatively lower than it 

was observed in 2010. The population started to build up on the first week of July and 

continued increasing until the third week of July with a maximum population of 2 

adults/trap/week. The population then decreased until the second week of August. The 

second peak population (4 adults/trap/week) was found on the first week of September and 

started to decrease throughout the season. Pooled data of 2010 and 2011 revealed that the 

first peak of adults was 2.83 adults/trap in the second week of August and maximum adults 

were recorded 4.09 adults/trap during the second week of September (Fig. 4).   

4.1.1.2: Adult population per trap in Multan 

The first peak population was found, 4.55 adults/trap/week, on the third week of August in 

2010. The second peak of adult population was observed on the second week of September 

(6.33 adults/ trap/week) after a short decline in third week of August. It continuously started 

to decrease from the third week of September throughout season (Fig. 5). In 2011, population 

started to build up starting on 7th July and peak was found, 6.78 adults/trap/week, on the 

second week of September. After this peak, the population began to decrease until it reached 
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0.22 adults/trap/week on third week of October (Fig. 6). In pooled data of 2010 and 2011, 

maximum population was recorded 6.56 adults/trap/week during the second week of 

September which was followed by 5.56 and 4.95 adults/trap/week (Fig. 7).  

4.1.1.3: Adult population per trap in R.Y. Khan  

The maximum population was 7.11 adults/trap/week on the third week of August in 2010, 

which was followed by 6.78 adults/trap/week on the first week of September and 6.33 

adults/trap/week on the second week of August. The population continued to increase from 

July to August and, after the third week of September, it started to decrease until October 

(Fig. 8).  

In 2011, two peaks of population were observed, 7.44 and 6.55 adults/trap/week, on the first 

and second week of September, respectively. After the second peak of population, the 

population started to decrease until last week of October except last week of September (Fig. 

9). Cumulatively, peak population of H. armigera was 6.55 adults/trap/week on the first 

week of September, which was followed by 6.5 and 5.72 adults/trap/week on the second 

week of September and first week of August, respectively (Fig. 10).   

Results (Table 3a and Table 3b) showed the interaction of population per trap among all 

locations. It showed that there was a highly significant population variation among locations 

(F= 5.69, DF= 2 and P value <0.01). The highest population was found, 3.48 

adults/trap/week, in R.Y. Khan, which was followed by 3.04 and 2.13 adults/trap/week in 

Multan and Faisalabad, respectively. The peak population was 5.26 adults/trap/week in the 

month of August in R.Y. Khan, which was followed by 4.63 adults/trap/week in the same 

month in Multan. In the month of September, the highest population was 4.26 

adults/trap/week in Multan, which was followed by 4.09 adults/trap/week in R.Y. Khan. 

Similarly, the highest population was in R.Y. Khan in the months of July and October with 

values of 3.23 and 1.22 adults/trap/week respectively. Overall, the peak population was 

observed, 4.10 adults/trap/week, in the month of August, which was followed by 3.82, 2.74 

and 0.87 adults/trap/week in September, July, and October, respectively in pooled data of 

year 2010 and 2011. 
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Fig. 2:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in district Faisalabad during 2010. 

 

Fig. 3:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in district Faisalabad during 2011. 
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Fig. 4:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in district Faisalabad during 2010-2011 (Pooled). 

 

Fig. 5:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in the district Multan during 2010. 
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Fig. 6:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in the district Multan during 2011. 

 

Fig. 7:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in the district Multan during 2010-2011 (Pooled). 
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Fig. 8:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in the district R.Y. Khan during 2010. 

 

Fig. 09:  Comparison of adult population (mean ± SE) of H. armigera on different 

dates of cotton season in the district R.Y. Khan during 2011. 
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Fig. 10:  Comparison of adults population (mean ± SE) of H. armigera on different 

dates of cotton season in the district R.Y. Khan during 2010-2011 

(Pooled). 
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Table 3a:  Analysis of variance of the data regarding population trend of adults per 

trap on cotton in different months in the farmer’s fields at different 

localities during 2010-2011 (Pooled). 

S.O.V D.F S.S M.S F. Ratio 

Replication 2 0.23 0.11  

Months 3 557.83 19.28 172.04** 

Locations 2 11.38 5.69 50.77** 

Months*Location 6 7.05 1.17 10.49** 

Error 22 2.47 0.11  

Total 35 78.95   

**= Significant at P <0.01 ns= Non-significant 

 

Table 3b:  Means comparison of the data regarding population trend of adults per 

trap on cotton in different months in the farmer’s fields at different 

localities during 2010-2011 (Pooled). 

Month  

Months X Districts 

 

Means 

Faisalabad Multan R.Y. Khan 

July 2.23 e 2.66 de 3.23 cd 2.74 b 

August 2.4 de 4.63 ab 5.26 a 4.10 a 

September 3.09 de 4.26 bc 4.09 bc 3.82 a 

October 0.78 f 0.6 f 1.22 f 0.87 c 

Means 2.13 c 3.04 b 3.48 a  

Means sharing similar letters are not significantly different by Tukey's HSD Test. 
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4.1.2: Population of larvae of H. armigera at various localities 

4.1.2.1: Larval population in Faisalabad 

The population started to build up in July and reach its peak of 0.37 larvae per plant on last 

week of the July. The second peak of H. armigera i.e. 0.48 larvae per plant was observed in 

the second week of September. A third peak of 0.4 larvae per plant occurred in the second 

week of August. Afterward, the population decreased until October (Fig. 11).   

In 2011, peaks of population were recorded, 0.35 and 0.39 larvae per plant, on the second 

week of August and September, respectively. Slightly lower peaks of 0.31 and 0.32 larvae 

per plant occurred on the third week of July and August. After the second peak, the 

population started to decline (Fig. 12).  

Fig.13 shows that, cumulatively, the first peak of H. armigera was found to be 0.37 larvae 

per plant on 7th August. While, a second peak of 0.32 larvae per plant was observed on the 

third week of July. The second peak of the population was found, 0.43 larvae per plant, on 

the second week of September, with another peak occurring on the third week of August 

(0.36 larvae per plant).  

4.1.2.2: Larval population in Multan 

 In 2010, the population started to build up in July and the first peak of population was 

recorded on the third week of August with a value of 0.6 larvae per plant. The second peak of 

population was 0.71 larvae per plant on the first week of September, after which the 

population declined steadily (Fig. 14).  

 In 2011, the first peak of population was obtained, 0.73 larvae per plant, on the 

second week of August, with two other peaks, 0.52 and 0.48 larvae per plant, occurring on 

the first week of August and last week of July, respectively. The second peak was observed 

on the second week of September (0.76 larvae per plant). The population then declined (Fig. 

15). 

Cumulatively, the peak of the population among the observed dates of observation 

was 0.72 larvae per plant on second week of September which was followed by 0.67 larvae 

per plant on first week of September. Afterwards, the population started to be decrease (Fig. 

16) 
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4.1.2.3: Larval population in R.Y. Khan  

The peak population of H. armigera in year 2010 was 0.83 larvae per plant on 9th August, 

which was followed by a second peak of 0.63 larvae per plant on 5th August. In the second 

week of September, a third peak population (0.84 larvae per plant) was observed. After this, 

the population declined (Fig. 17). In 2011, the first peak of H. armigera larvae was found, 

0.67 larvae per plant, on the second week of August. This population build up had started in 

the first week of July. A second peak was observed, 0.73 larvae per plant, on the second 

week of September which was followed by a third peak of 0.55 larvae per plant in the third 

week of September. After this peak, the population declined until the month of October (Fig. 

18).  

Cumulatively, the maximum population of H. armigera was 0.79 larvae per plant on the 

second week of September, which was followed by a second peak of 0.72 larvae per plant on 

the second week of August. The population started to decline from the third week of 

September (Fig. 19).  

Multi factor analysis showed that the population of H. armigera in different months is 

significantly different among all localities (Table 4a). The highest population was recorded, 

0.44 larvae per plant, in R.Y. Khan compared with 0.38 and 0.18 larvae per plant in district 

Multan and Faisalabad, respectively. In July, the highest population was 0.41 larvae per plant 

in R.Y. Khan compared with 0.32 and 0.18 larvae per plant in Multan and Faisalabad, 

respectively. Population of larvae was 0.68, 0.58 and 0.29 in R.Y. Khan, Multan and 

Faisalabad, respectively on the month of August. Similarly, the maximum population was 

found to be 0.50 and 0.11 larvae per plant in September and October, respectively, in R.Y. 

Khan. The maximum population was found to be 0.52 larvae per plant in August, irrespective 

to location, compared with 0.41, 0.12 and 0.30 in September, October and July, respectively 

(Table 4b). 
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Fig. 11:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Faisalabad district during 2010.  

 

Fig. 12:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Faisalabad district during 2011. 
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Fig. 13:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Faisalabad district during 2010-2011 (Pooled). 

 

Fig. 14:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Multan district during 2010. 
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Fig. 15:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Multan district during 2011. 

 

Fig. 16:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at Multan district during 2010-2011 (Pooled). 
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Fig. 17:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at R.Y. Khan district during 2010. 

 

Fig. 18:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at R.Y. Khan district during 2011. 
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Fig. 19:  Comparison of larval population (mean ± SE) of H. armigera on different 

dates of cotton season at R.Y. Khan district during 2010-2011 (Pooled). 
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Table 4a:  Analysis of variance of the data regarding population trend of larvae of 

H. armigera on cotton in different months in the farmer’s fields at 

different localities during 2010-2011 (Pooled). 

S.O.V D.F S.S M.S F. Ratio 

Replication 2 0.02 0.01  

Months 3 0.77 0.26 46.48** 

Locations 2 0.39 0.20 35.59** 

Months*Location 6 0.67 0.01 2.01 ns 

Error 22 0.12 0.01  

Total 35 1.38   

**= Significant at P <0.01 ns= Non-significant 

 

Table 4b:  Means comparison of the data regarding population trend of larvae of H. 

armigera on cotton in different months in the farmer’s fields at different 

localities during 2010-2011 (Pooled). 

                                               

Month 

 

                         Months X Districts 

 

Means 

 Faisalabad Multan R.Y. Khan 

July 0.18 ef 0.32 cde 0.41 bcd 0.30 c 

August 0.29 cde 0.58 ab 0.68 a 0.52 a 

September 0.25 def 0.47 abc 0.50 abc 0.41 b 

October 0.05 f 0.13 ef 0.17 ef 0.12 b 

Means 0.19 b 0.38 a 0.44 a  

Means sharing similar letters are not significantly different by Tukey's HSD Test.  
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4.1.3: Population of C. carnea at various localities 

4.1.3.1: Population of C. carnea in Faisalabad  

In 2010, the first peak was found, 0.53 larvae per plant, on the second week of August. The 

population reached its second peak of 1.96 larvae per plant on the third week of September 

after some fluctuation in for a short period of time. Afterwards, to the population decreased 

(Fig. 20).  

In 2011, the first peak of C. carnea population was found on the third week of August with 

0.68 larvae per plant after some fluctuations in population. The second peak was 1.40 larvae 

per plant on third week of September as a result of its population build up from the last week 

of October (Fig. 21). 

Maximum population was found to be 1.73 larvae per plant on the first week of October, 

cumulatively. High population recorded was 1.53, 1.47 and 1.19 larvae per plant on the third, 

second and first week of September, respectively. The build-up of the population was 

constant from July, except during the last few days of August (Fig. 22).   

4.1.3.2: Population of C. carnea in Multan  

There were significant differences in C. carnea larval population among different dates of 

observations during 2010 and 2011. In 2010, the population of C. carnea started to build up 

in July and continued to increase with a peak of 0.33 larvae per plant in the second week of 

August in 2010. Afterwards, a small reduction in population, for about two weeks, occurred. 

The population bounced back on the first week of September and continued to build up until 

it reached its second peak on the third week of September with a value of 0.97 larvae per 

plant. The population declined in October (Fig. 23).  

In 2011, the only peak of the C. carnea population was found on the third week of September 

with a value of 1.47 per plant as a result of continuous build up of the population from July 

(Fig. 24).  

Chrysopela carnea population ranged from 0.19 to 1.22 larvae per plant, cumulatively. There 

was a continuous trend of increase in population from July until the population peaked at 

1.22 larvae per plant in the third week of September (Fig. 25).        
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4.1.3.3: Population of C. carnea in R.Y. Khan  

The maximum population in 2010 was found to be 1.13 larvae per plant on the second week 

of August. Two smaller peaks of 0.85 and 0.72 larvae per plant occurred on the third and first 

week of September, respectively. The minimum population was found in the month of July 

(Fig. 26). 

 In 2011, the maximum population was recorded as 0.97 larvae per plant on the second week 

of September, with two smaller peaks of 0.83 and 0.68 larvae per plant on the second and 

third weeks of September, respectively. The minimum population of C. carnea was again 

noted in month of July (Fig. 27).   

Cumulatively (2010 and 2011), the population was very low in July. There were only 0.16 

larvae per plant recorded on the last week of July, 0.15 larvae per plant on the second week 

of July, and 0.14 larvae per plant on the third week of July. In August, the population began 

to increase, with the maximum population of 0.98 larvae per plant occurring on the second 

week of September. Smaller peaks of 0.85 and 0.77 larvae per plant occurred on the first and 

third week of September, respectively (Fig. 28).   

The number of C. carnea larvae per plant was significantly (F= 97.36, DF= 2 and P< 0.01) 

different among different localities (Table 5a). The maximum population of C. carnea larvae 

per plant was 0.72 in Faisalabad compared with 0.55 and 0.38 larvae per plant in Multan and 

R.Y. Khan, respectively. In July, the population per plant was 0.28, 0.21 and 0.15 in 

Faisalabad, Multan and R.Y. Khan, respectively. Minimum population of C. carnea, in the 

month of August, was recorded 0.25 larvae per plant in district R.Y. Khan whereas maximum 

population of C. carnea was recorded 0.48 larvae per plant in district Faisalabad. The 

maximum population of C. carnea in September was 1.05 per plant in Faisalabad compared 

with 0.94 and 0.69 larvae per plant in Multan and R.Y. Khan, respectively. In October, the 

maximum population was 1.08 per plant in Faisalabad compared with 0.62 and 0.44 larvae 

per plant in Multan and R.Y. Khan, respectively. The maximum population was found to be 

0.90 per plant in September and the minimum population was found to be 0.21 per plant in 

July irrespective to locations (Table 5b). 
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Fig. 20:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Faisalabad district during 2010. 

 

Fig. 21:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Faisalabad district during 2011. 
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Fig. 22:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Faisalabad district during 2010-2011 (Pooled). 

 

Fig. 23:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Multan district during 2010. 
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Fig. 24:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Multan district during 2011. 

 

Fig. 25:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at Multan district during 2010-2011 (Pooled). 
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Fig. 26:  Comparison of larval population of (mean ± SE) C. carnea on different 

dates of cotton season at R.Y. Khan district during 2010. 

 

Fig. 27:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at R.Y. Khan district during 2011. 
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Fig. 28:  Comparison of larval population (mean ± SE) of C. carnea on different 

dates of cotton season at R.Y. Khan district during 2010-2011 (Pooled). 
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Table 5a:  Analysis of variance of the population trend of larvae of C. carnea on 

cotton in different months in the farmers’ fields at different localities 

during 2010-2011 (Pooled). 

S.O.V D.F S.S M.S F. Ratio 

Replication 2 0.01 0.01  

Months 3 2.61 0.87 244.51** 

Locations 2 0.69 0.35 97.36** 

Months*Location 6 0.28 0.05 13.00** 

Error 22 0.08 0.00  

Total 35 3.66   

**= Significant at P <0.01 ns= Non-significant 

 

Table 5b:  Means comparison of the population trend of larvae of C. carnea on 

cotton in different months in the farmers’ fields at different localities 

during 2010-2011 (Pooled). 

                                               

Month 

 

                           Months X Districts 

 

Means 

 Faisalabad Multan R.Y. Khan 

July 0.28 efg 0.21 g 0.15 g 0.21 d 

August 0.48 cd 0.41 def 0.25 fg 0.38 c 

September 1.05 a 0.94 a 0.69 b 0.90 a 

October 1.08 a 0.62 bc 0.44 de 0.71 b 

Means 0.72 a 0.55 b 0.38 c  

Means sharing similar letters are not significantly different by Tukey's HSD Test. 
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4.1.4: Parasitism of H. armigera in field conditions at various localities 

4.1.4.1: Parasitism in Faisalabad  

In 2010, parasitism was not recorded in July except during the last week (5.34%). Then 

parasitism increased to 7.93% on the first week of August and continued to do so until the 

first peak of 18.67% parasitism on the first week of September and continued to decrease 

until the second peak with 18.00% was recorded in the first week of October after some 

fluctuation (Fig. 29).  

Comparatively, lower parasitism rates were recorded in 2010 than in 2011. Similar to 2010, 

parasitism was not recorded until the last week of July in 2011 (10.67%). The first peak in 

parasitism was found to be 22.67% in the second week of August. Parasitism then decreased 

until the second week of September. The second peak was recorded in the last week of 

September with a value of 28%. The population fluctuated considerably in October (Fig. 30). 

Cumulatively, the first peak (17.34%) was on the third week of August. Parasitism then 

declined to 14.34% on the last week of September. The second peak in parasitism with a 

value of 25.00% was recorded in the second week of September (Fig. 31).    

4.1.4.2: Parasitism in Multan  

Parasitism fluctuated from 0 to 0.2% in the month of July in 2010. It continued to build 

towards the highest parasitism in 2010, a peak parasitism of 14.00% during the third week of 

September. This was followed by 11.33% parasitism in the last week of September. 

Parasitism decreased from 8.67% to 7.33% in the month of October (Fig. 32).  

Maximum parasitism was found to be 14% on the last week of September. A range of 

parasitism (0 to 7.3%) was found in the months from July to August. In October, parasitism 

ranged from 5.34 to 9.34% (Fig. 33).  

Cumulatively, maximum parasitism was found, 13%, on the third week of September. A high 

parasitism rate of 12.33% was also recorded in last week of September. There was a 

continuous increase of parasitism (0.67 to 13%) until first peak of parasitism on the third 

week of September. A range of parasitism from 6.67 to 8.33% was observed in the month of 

October (Fig. 34).      
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4.1.4.3: Parasitism in R.Y. Khan  

The lowest parasitism in the cotton season was recorded during the month of July, which 

ranged from 0 to 3.34%. It then started to increase gradually and percentage parasitism 

ranged from 4.67 to 9.34% in the month of August. The maximum parasitism was recorded, 

14%, on the third week of September. Parasitism ranged from 5.33 to 7.33% in the month of 

October (Fig. 35).  

Parasitism recorded in R.Y. Khan in 2011 ranged from 0 to 14%. During the month of July, 

parasitism was very low and ranged from 0 to 2.67%. While, during the month of August, it 

increased from 3.34 to 10.67%. The peak of parasitism was observed, 14%, during the first 

week of September. Afterwards it decreased during the month of October (Fig. 36).  

Maximum parasitism was recorded with the value of 12% on the third week of September, 

cumulatively. The lowest parasitism rate was 1.67%, which was observed in the month of 

July. Parasitism ranged from 4 to 10% during the month of August. The second peak of 

parasitism was recorded on the first week of September after peak parasitism by H. hebetor 

(Fig. 37).  

Parasitism was highly significantly (F= 30.73, DF= 2 and P<0.01) differed among different 

locations. Maximum parasitism was 13.39% in Faisalabad compared with 6.34 and 6.23% in 

Multan and R.Y. Khan, respectively. During the month of July, maximum parasitism was 

recorded in Faisalabad (2.25%) location while the lowest parasitism (1.67%) was recorded in 

both Multan and R.Y. Khan. Maximum parasitism (14.92%) was in Faisalabad during 

August, followed by 6.58 and 05.75% R.Y. Khan and Multan, respectively. During the 

month of September, maximum parasitism was 20.47% was recorded in Faisalabad while 

parasitism in R.Y. Khan (10.60%) and Multan (10.57%) statistically at par during September. 

Overall, maximum parasitism was recorded 13.87 and 09.83% in months of September and 

October, respectively. While, minimum population was recorded 01.86% in July (Table 6a, 

6b).  
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Fig. 29:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Faisalabad district 

during 2010. 

 

Fig. 30:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Faisalabad district 

during 2011. 
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Fig. 31:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Faisalabad district 

during 2010-2011 (Pooled). 

 

Fig. 32:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Multan district during 

2010. 
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Fig. 33:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Multan district during 

2011. 

 

Fig. 34:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at Multan district during 

2010-2011 (Pooled). 
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Fig. 35:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at R.Y. Khan district 

during 2010. 

 

Fig. 36:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at R.Y. Khan district 

during 2011. 

0

10

20

30

40

50

60

70

80

90

0

2

4

6

8

10

12

14

16

18

20

W
e

at
h

e
r 

Fa
ct

o
rs

P
ar

as
it

is
m

 (
%

)

Dates of Observations

Parasitism 2010 Temperature 2010 R. Humidity (%) 2010

0

10

20

30

40

50

60

70

80

90

100

-2

0

2

4

6

8

10

12

14

16

18

20

w
e

at
h

e
r 

Fa
ct

o
rs

P
ar

as
it

is
m

 (
%

)

Dates of Observations

Parasitism 2011 Temperature 2011 R. Humidity (%) 2011



 

68 

 

 

 

 

 

 

 

 

 

 

Fig. 37:  Comparison of percent parasitism (mean ± SE) of H. armigera on cotton 

by H. hebetor on different dates of cotton season at R.Y. Khan district 

during 2010-2011 (Pooled). 
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Table 6a:  Analysis of variance of the data regarding percent parasitism of H. 

armigera on cotton by H. hebetor in different months in the farmer’s 

fields at different during 2010-2011 (Pooled). 

S.O.V D.F S.S M.S F. Ratio 

Replication 2 32.64 16.32  

Months 3 674.01 224.67 34.33** 

Locations 2 402.20 201.10 30.73** 

Months*Location 6 118.20 19.70 3.01* 

Error 22 143.96 

 

6.54  

Total 35 1371.03   

**= Significant at P <0.01 *= Significant at P <0.05 

 

Table 6b:  Means comparison of the data regarding percent parasitism of H. 

armigera on cotton by H. hebetor in different months in the farmer’s 

fields at different during 2010- 2011 (Pooled). 

                                               

Month 

 

                           Months X Districts 

 

Means 

 Faisalabad Multan R.Y. Khan 

July 02.25 e 01.67 e 1.67 e 01.86 c 

August 14.92 abc 05.75 de 6.58 de 09.08 b 

September 20.47 a 10.53 bcd 10.60 bcd 13.87 a 

October 15.92 ab 07.50 bcd 6.08 de 09.83 b 

Means 13.39 a 6.36 b 6.23 b  

Means sharing similar letters are not significantly different by Tukey's HSD Test. 
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4.1.5: Discussion 

4.1.5.1: Seasonal incidence of adults of H. armigera 

The adult population started to build up in July and continued until October. The maximum 

population was observed on the second week of September in district Faisalabad and Multan 

whereas, in R.Y. Khan, it was recorded in the first week of September. This is similar to the 

findings of Hammad (2003), who also reported that peak population of adults of H. armigera 

occurred in the first week of September in Faisalabad. Some other reports have also shown 

similar findings (Patel and Koshiy, 1999; Pazhanisamy and Deshmukh, 2011). Similarly, 

Leonord et al. (1989) reported the maximum population of H. virescens in the month of 

September.  

The results of comparing the different locations showed a significant difference for H. 

armigera adults. R.Y. Khan appears to be the most favourable for adult populations, with the 

highest value of 3.48/trap/week recorded from there. It was followed by Multan 

(3.04/trap/week) and then Faisalabad (2.13/trap/week). These results suggest that adult 

populations were high where temperature was high. Warmer climate may result in a higher 

number of insects because higher temperatures will decrease duration of insect development 

(Petzoldt and Seaman, 2006). In Scandinavia, increase in air temperature is linked with 

presence of second generation of Ips typographus (Linnaeus) and threat for following 

generation, third generation, in Central Europe (DeLucia et al., 2012). Temperature affected 

the butterfly in terms of its flight duration. A range of flight duration about 2-10 days has 

been increased due to increase of 1oC temperature (Roy and Sparks, 2000) and similar 

behaviour of butterfly has been observed in Spain and California (Forister and Shapiro, 2003; 

Stefanescu et al., 2003).  

4.1.5.2: Seasonal incidence of larvae of H. armigera 

Larvae of H. armigera were recorded in three different districts, Faisalabad, Multan and R.Y. 

Khan to note its seasonal abundance. The maximum population of larvae was recorded in the 

second week of September in all districts, with high populations also recorded on the first 

week of September in Faisalabad and R.Y. Khan and on the second week of August in 

Multan. Regardless of location, the maximum population of larvae was found in the month of 
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August. This suggests that favourable temperatures for larvae of H. armigera were average 

temperature (maximum and minimum temperature) of 31.33oC and 30.57oC. These results 

are in line with the findings of Mellet et al. (2004). Similarly, August and September were 

found suitable months to larval population of H. armigera on non-transgenic cotton under 

unsprayed condition in Faisalabad (Arshad et al., 2009). 

The maximum population was noted in R.Y. Khan (0.44/plant) as compared to Multan 

(0.38/plant) and Faisalabad (0.19/plant). It suggests that areas with high temperatures have 

higher numbers of larvae. The mean temperature of R.Y. Khan is comparatively 2oC higher 

than Faisalabad and Multan. Duration of H. armigera larvae decreased with increase of 

temperature approximately 2-3oC (Mironidis and Savopoulou-Soulttani, 2008). This shorter 

developmental period may cause an increase in populations in warmer climate. High 

temperature as a result of global warming positively correlated with larval development (Bale 

et al., 2002). There is no evidence of significant effect of temperature on leaf toughness but 

high temperature reduced concentration of nitrogen; soluble sugar and starch (Zvereva and 

Kozlov, 2006). Therefore, insect may consume more plants which are low in quality to fulfill 

their nutritive requirement. There is serious threat of increasing insect damage to plants due 

to combined effect of high CO2 and temperature (Zvereva and Kozlov, 2006). Insect immune 

system perform well under warmer conditions as high temperature increase insects enzymes 

activity like phenoloxidase, also control haemocytes numbers (Ouedraogo et al., 2003; Fuller 

et al., 2011) and antimicrobial peptide's expression (Mowlds et al., 2008) for proper 

functioning of immune system for certain period of time (Haine et al., 2008). 

The population of adults and larvae of H. armigera were found higher in the months of 

August followed by September. These results showed that there were overlapping 

generations of H. armigera in cotton crop, which is similar to the report of Fitt and Cotter 

(2005). The present study shows that peak population of adults and larvae were recorded 

during August. In contrast, results of Mustafa (2003), reported peak population of adults 

during September and October in district Multan in 1998-2002. These results showed that 

temperature increase due to climate change may result in earlier incidence of H. armigera 

population in Pakistan. In Pakistan, an irreversible rise in temperature from 2000-2010 had 

reported (Rasul, 2012). Global warming may increase the abundance of H. armigera 

(Kiritani, 2006). Helicoverpa armigera may expand its range to cooler areas of Pakistan due 
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to increase in temperature. Under this climatic scenario, the prediction of range of expansion 

of three species Choristoneura fumiferana (Clemens), Lymantria dispar (Linnaeus) and 

Dendroctonus ponderosae (Hopkins) is towards higher altitudes (Regniere, 2009). An 

increase of 3.5oF in temperature can expand D. ponderosae range (300 km) (Logan and 

Powell, 2001). Similarly, P. xylostella has shifted from its range of distribution by 800 Km 

towards North. It can be assumed that this shift is due to increase in temperature in higher 

latitude (Coulson et al., 2002). 

4.1.5.3: Seasonal incidence of C. carnea 

The population of C. carnea was observed during the cotton season in different localities. A 

population of C. carnea was found throughout year. The population gradually started to build 

up from June and continued until October. The first peak in population was found, 0.41 per 

plant, in the third week of August. The population dropped for a weak, but it bounced back 

and a maximum population of C. carnea was recorded with a value of 1.22 parasitoids per 

plant in the third week of September, with a temperature of 28.1oC. Monthly interaction 

showed that September, having an average temperature of 29.3oC, appears to be the most 

favourable month for C. carnea population with 0.90 per plant. Similar observations were 

reported by other studies (Gerling et al., 1997; Mari et al., 2007). Dhaka and Pareek (2007) 

also recorded maximum a population of C. carnea with a value of 4.25/10 plants in the 

month of September.  

Comparing populations of C. carnea among different locations showed that the maximum 

population was found, 0.72 per plant, in Faisalabad (mean temperature = 29.25oC) compared 

with Multan (mean temperature = 29.81oC) and R.Y. Khan (mean temperature = 31.13oC). 

Higher populations of natural enemies have been reported in multiple cropping areas (Root, 

1973). These results suggest that district R.Y. Khan is more unfavourable for population of 

predators than the other districts. Temperature may directly influenced predator foraging 

behaviour, pray handling and ability to detect natural enemies (Thompson, 1978; Morgan, 

1985; Gilchrist, 1995). Lethal effects can be induced if environmental temperature crosses 

the threshold temperature (Canard and Volkovich, 2001) and may reduce the ability of 

predators for prey consumption (Tulisalo, 1984). Yadav and Pathak (2010) have reported 

reduction in prey consumption due to increase of temperature. They observed C. carnea 

consumed prey (Aphis Gossypii) with the range of 270.1 to 173.8 at different temperatures 

(15-30oC). 
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4.1.5.4: Seasonal parasitism of H. armigera 

Parasitism percentage of H. armigera by H. hebtor was studied during the cotton season in 

Faisalabad, Multan and R.Y. Khan. The results showed the lowest parasitism (4.81%) was 

recorded in July. Parasitism then tended to increase gradually with some fluctuation and 

reached its maximum in the third week of September with 56.54 and 36.14% in Faisalabad 

and Multan, respectively. Average temperatures of this week were 26.68 and 28.10oC in 

Faisalabad and Multan, respectively. There is no study available to compare with these 

findings. Monthly comparison of different locations in factorial analysis showed that 

maximum parasitism was recorded 33.37% in the month of September (average temperature 

29.3oC) and lowest parasitism (4.84%) was recorded in month of July (average temperature 

35.18oC). There are various studies that have shown a detrimental effect of higher 

temperature on parasitoids. (Ganehiarachchi and Fernando, 2000; Roux et al., 2010). 

Temperature had a positive influence with H. armigera population whereas its relationship 

with C. carnea and parasitism by H. hebetor was negative. Helicoverpa armigera population 

was started to build up in the month of July and recorded highest in month of August and 

September. It suggests that H. armigera may have completed approximately 2 to 3 

generations during cotton season. This positive relationship between H. armigera and 

temperature showed that H. armigera, migratory pest, may invade crop earlier than normal 

prevailing appearance and may expand its range towards cooler areas of Pakistan due to 

increase of temperature in those areas. Chrysoperla carnea is found throughout season even 

though, was low in number in warmer months. Its abundance was high in cooler months. 

Therefore, it can be used in order to control H. armigera but it should be used with other 

control measures like biopesticides or biocontrol agents that could prevail in warm 

environment. Habrobracon hebetor could not parasitize H. armigera population in warmer 

months and started to parasitized from the August and maximum parasitism was found in 

September and October but there is further evaluation is needed for to determine actual 

reason of failure of parasitism in warm months. Habrobracon hebetor may be used to control 

H. armigera during mid of cotton season. It may be used with other parasitoids and predators 

that can work well in months having high temperature. 
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SECTION-II 

4.2: Role of abiotic factor on H. armigera and its natural enemies 

4.2.1: Relationship between adults of H. armigera and abiotic factors 

The relationship between adults of H. armigera and abiotic factors, temperature and relative 

humidity, was determined by calculating the correlation coefficient (r) for year 2010 and 

2011 separately and cumulatively in all districts (Tables 7a, 7b and 7c). Adults population 

was significantly (P<0.05) positively correlated with average temperature for both years 

(2010 and 2011) separately and cumulatively in all districts. The r values for average 

temperature and adults were 0.48, 0.60 and 0.55 for 2010, 2011 and cumulatively, 

respectively, in district Faisalabad. In Multan, temperature had a significant and positive 

effect on the adult population, with r values of 0.48, 0.50 and 0.56 for 2010, 2011 and 

cumulative (2010 and 2011), respectively. Similarly in R.Y. Khan, r values of 0.50, 0.49 and 

0.52 for 2010, 2011 and cumulatively, respectively, showed that average temperature and 

adult population is significantly positively correlated with each other.   

Relative humidity and adult populations were subjected to correlation (Pearson) to calculate 

correlation coefficient values to determine the relationship between them for 2010, 2011 and 

cumulatively (2010 & 2011). In Faisalabad, the adult population was not significantly 

(P>0.05) correlated with the relative humidity in 2010, having an r value of 0.20. In contrast, 

the r value (0.77) showed a significant positive relationship between relative humidity and 

adult population in 2011. Cumulatively (2010 & 2011) their relationship was significant and 

positively correlated with an r value of 0.50. In Multan, relatively humidity and adult 

population were significantly positively correlated (r = 0.50) in 2011 and cumulatively (r = 

0.70). Multiple regression equations are presented in Table 7d. Temperature alone could not 

fit model (R2 = 0.30) but when another predictor, relative humidity, added it improved the 

model fit (R2 = 0.65) in Faisalabad. In Multan and R.Y. Khan, temperature and relative 

humidity contributed to models with values of R2 = 0.67 and R2 = 0.70, respectively. 

Cumulatively, the best fit model was calculated when temperature and relative humidity was 

combined (R2 = 0.86).        
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Table 7a:  Correlation of aduls of H. armigera with abiotic factors in different 

localities during 2010. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad 0.4836* 0.1975 ns 

Multan 0.4836* 0.6986** 

R.Y. Khan  0.5061* 0.5265* 

Cumulative 0.4935* 0.5133* 

**= Significant at P <0.01 ns= Non-significant 

Table 7b:  Correlation of adults of H. armigera with abiotic factors in different 

localities during 2011. 

District Average temperature (oC) Average relative humidity 

(%)  

Faisalabad 0.5996** 0.7714** 

Multan 0.5022* 0.4967 * 

R.Y. Khan  0.4863* 0.4220 ns 

Cumulative 0.5550** 0.6613** 

**= Significant at P <0.01 ns= Non-significant 

 

Table 7c:  Correlation of adults of H. armigera with abiotic factors in different 

localities during 2010-2011 (Pooled). 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad 0.5544* 0.5032* 

Multan 0.5636* 0.6986** 

R.Y. Khan  0.5239* 0.5080* 

Cumulative 0.5818** 0.6822** 

**= Significant at P <0.01 ns= Non-significant 
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Table 7d:  Multiple linear regression analyses along with coefficient of 

determination regarding adults population of H. armigera and weather 

factors under various ecological conditions during 2010-2011 (Pooled). 

Districts Regression equation R2 F. value 

Faisalabad  

 Y= - 4.78 + 0.24 X1* 0.307 6.66* 

 Y= - 10.6 + 0.28 

X1** + 0.07X2** 

0.654 13.24* 

Multan 

 Y= - 7.57 + 0.35X1* 0.256 5.16* 

 Y= -

20.2+0.29X1*+0.21 

X2** 

0.671 14.30* 

R.Y. Khan 

 Y= - 6.33 + 0.32X1* 0.274 5.67* 

 Y= - 60.3 + 

0.41X1** + 

0.63X2** 

0.70 16.30** 

Cumulatively  

 Y= - 6.81 + 0.32X1* 0.338 7.67** 

 Y= -22.7 + 0.35X1+ 

0.21X2 

0.863 44.27** 

**= Significant at P <0.01 ns= Non-significant, X1= Average temperature (
o
C), X2= Average relative humidity (%) 
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4.2.2: Relationship of larvae of H. armigera and abiotic factors  

Correlation coefficient values are presented in Table (8a, 8b and 8c ) to show the relationship 

between H. armigera larvae and abiotic factors (i.e. temperature and relative humidity) for 

2010, 2011 and cumulative basis (2010 and 2011) in  all three districts (Faisalabad, Multan 

and R.Y. Khan ). In district Faisalabad, the average temperature was positively correlated 

with H. armigera in 2010, 2011 and cumulatively. R values were 0.50, 0.55 and 0.54 for 

2010, 2011 and cumulatively, respectively. R values 0.49 and 0.56 were recorded between 

average temperature and H. armigera for year 2010 and 2011 in Multan. Relative humidity 

and H. armigera larvae were significantly positively correlated with r value of 0.56 on 

cumulative basis (2010 and 2011) in district Multan. A similar positive and significant 

correlation (r = 0.48) was found between average temperature and larvae in R.Y. Khan as 

recorded in Faisalabad and Multan.   

Correlation between relative humidity and H. armigera larvae was calculated to determine 

whether humidity positively or negatively correlated with larvae and also to check their 

significance level with p value (P< 0.05). In Faisalabad, relative humidity and larvae were 

significantly positively correlated in 2011 (r = 0.54) and cumulative basis ( r= 0.56) but not 

in 2010 (r = 0.37). In 2010, a positive and significant (r = 0.50) relationship was found 

between relative humidity and larvae in Multan. Similarly, there was a significant positive 

relationship between relative humidity and larvae in cumulative years with an r value of 0.78. 

Multiple linear regression model was applied to data and presented in Table 8d. The Best fit 

model was calculated with temperature in combination with relative humidity in Faisalabad 

(R2= 0.70), Multan (R2= 0.83), RY. Khan (R2= 0.52) and cumulatively (R2= 0.87), 

respectively. 
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Table 8a:  Correlation of larvae of H. armigera with abiotic factors in different 

localities during 2010. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad 0.4944* 0.3717 ns 

Multan 0.4860* 0.504* 

R.Y. Khan  0.4955 * 0.6091** 

Cumulative 0.0422* 0.6073** 

**= Significant at P <0.01 ns= Non-significant 

Table 8b:  Correlation of larvae of H. armigera with abiotic factors in different 

localities during 2011. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad 0.5519* 0.5368* 

Multan 0.5649* 0.504* 

R.Y. Khan  0.4898* 0.1511 ns 

Cumulative 0.5494* 0.6035* 

**= Significant at P <0.01 ns= Non-significant 

Table 8c:  Correlation of larvae of H. armigera with abiotic factors in different 

localities during 2010-2011 (Pooled). 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad 0.5386* 0.5615* 

Multan 0.5590* 0.7834 ** 

R.Y. Khan  0.4848* 0.4091ns 

Cumulative 0.5240* 0.7373** 

**= Significant at P <0.01 ns= Non-significant 
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Table 8d:  Multiple linear regression analyses along with coefficient of 

determination regarding larval population of H. armigera and weather 

factors under various ecological conditions during 2010-2011 (pooled). 

District Regression equation R2 F. value 

Faisalabad 

 Y= - 0.54+0.02 X1* 0.290 6.13* 

 Y= -1.24 + 0.03X1** 

+ 0.01X2** 

0.707 16.87* 

Multan 

 Y= - 0.991 + 

0.04X1* 

0.315 6.91* 

 Y= -2.64 

+0.04X1*+0.03 X2** 

0.830 34.13** 

R.Y. Khan 

 Y= -0.54 + 0.03X1* 0.235 4.61* 

 Y= - 5.39 + 0.04X1* 

+ 0.06X2** 

0.527 7.80** 

Cumulative 

 Y= -0.67+ 0.04X1* 0.275 5.68* 

 Y= - 2.62 + 

0.04X1** + 

0.03X2** 

0.865 45.83** 

**= Significant at P <0.01 ns= Non-significant, X1= Average temperature (
o
C), X2= Average relative humidity (%) 
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4.2.3: Relationship of C. carnea and abiotic factor 

The correlation coefficients were determined for the data set of C. carnea and abiotic factors 

(temperature and relative humidity) at different localities to determine their relationship 

(Table 9a, 9b and 9c). Chrysoperla carnea population were significantly negatively (P< 0.05) 

correlated with average temperature for 2010 (r = -0.49), 2011 (r = -0.5) and cumulative 

2010 & 2011 (r = -0.50) in district Faisalabad. In Multan, C. carnea population was not 

correlated with temperature in 2010. In contrast, the correlation between average temperature 

and C. carnea was negative and significant in 2011 and cumulative of both years with r 

values -0.57 and -0.49, respectively.  In R.Y. Khan, population of C. carnea was significantly 

negatively correlated with average temperature in year 2010 and cumulative years (2010 and 

2011).  

To find the relationship between relative humidity and C. carnea population, the correlation 

coefficient was determined in 2010 and 2011 separately and cumulatively (2010 and 2011). 

A non-significant relationship was determined between C. carnea and relative humidity in 

both years 2010 and 2011 in Faisalabad. In contrast, a positive significant relationship was 

recorded only in year 2011 and non-significant relationship was found in year 2010 in 

Multan. The values of correlation coefficients showed that temperature had significant 

negative association with C. carnea in 2010 (r = -0.55) and on cumulative basis (r = -0.52) in 

district R.Y. Khan. While, the association between C. carnea and relative humidity was 

significantly positive in 2011 (r = 0.71) and cumulatively (r = 0.65).    

Multiple linear regression models for C. carnea population with abiotic factors are presented 

in Table 9d. Temperature was important factor for C. carnea than relative humidity as fit 

model could not be calculated with their combination. Relative humidity did not significantly 

affect C. carnea population in Faisalabad and R.Y. Khan. 
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Table 9a:  Correlation of larvae of C. carnea with abiotic factors in different 

localities during 2010. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.4918* 0.1189 ns 

Multan -0.3346 ns -0.0542 ns 

R.Y. Khan  -0.5514* 0.2902 ns 

Cumulative -0.5421* 0.0673 ns 

**= Significant at P <0.01 ns= Non-significant 

Table 9b:  Correlation of larvae of C. carnea with abiotic factors in different 

localities during 2011. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.4960* 0.0635 ns 

Multan -0.5703* 0.6746** 

R.Y. Khan  -0.4556 ns 0.7114** 

Cumulative -0.5421* 0.5108* 

**= Significant at P <0.01 ns= Non-significant 

Table 9c:  Correlation of larvae of C. carnea with abiotic factors in different 

localities during 2010-2011 (Pooled). 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.5514* 0.1358 ns 

Multan -0.4863* 0.3632 ns 

R.Y. Khan  -0.5198* 0.6535** 

Cumulative -0.5546* 0.3272ns 

**= Significant at P <0.01 ns= Non-significant 
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Table 9d:  Multiple linear regression analyses along with coefficient of 

determination regarding population of C. carnea and weather factors 

under various ecological conditions during 2010-2011 (Pooled). 

 

 

**= Significant at P <0.01 ns= Non-significant, X1= Average temperature (
o
C), X2= Average relative humidity (%) 

 

 

 

 

 

 

 

 

 

 

  

District Regression equation R2 F. value 

Faisalabad 

 Y= 3.48 -0.09X1* 0.246 4.89* 

 Y= 3.19 - 0.09X1ns+ 

0.003X2ns 

0.250 2.34 ns 

Multan 

 Y= 2.29 - 0.06X1* 0.234 4.65* 

 Y= 0.834 - 0.07X1* + 

0.02X2* 

0.427 5.21* 

R.Y. Khan 

 Y= 1.70 - 0.04X1* 0.27 5.55* 

 Y= - 3.21-0.03X1ns + 

0.06X2* 

0.409 6.18** 

Cumulative 

 Y= 2.59 - 0.07X1 0.308 6.66* 

 Y= 1.19 - 0.07X2*+ 

0.01X2ns 

0.394 4.56* 
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4.2.4: Relationship between parasitism of H. armigera and abiotic factors  

The relationship between abiotic factors (temperature and relative humidity) and parasitism 

of H. hebetor was determined in all districts with the calculation of correlation coefficient 

values (Tables 10a, 10b and 10c). Average temperature was significantly negatively 

correlated with parasitism in 2010 (r = -0.51) but non-significant in year 2011 (r = -0.37) in 

district Faisalabad. Correlation coefficient values of -0.51 and -0.54 showed that there was 

significant negative correlation with parasitism and average temperature in 2010 and 2011, 

respectively, in Multan. Similar relationship was found between parasitism and average 

temperature in R.Y. Khan in year 2010 (r = -0.47) and 2011 (r = -0.49).  

Correlation coefficient was also calculated to determine the relationship between parasitism 

and relative humidity in all districts. In Faisalabad, there was a positive significant 

relationship between parasitism and relative humidity in year 2010 and non-significant in 

year 2011 with value of correlation coefficients being 0.67 and 0.27, respectively. Similarly, 

relationship between parasitism and relative humidity was significant in 2011 (r = 0.72) and 

on cumulative basis (r = 0.78). In contrast, parasitism was non-significantly related (r = 0.40) 

to relative humidity on cumulatively (average 2010 and 2011) in district Multan. 

Table 10d shows that the best fit model was obtained in all locations when temperature and 

relative humidity combined together but best was found in R.Y. Khan (R2= 0.70) than 

Faisalabad (R2= 0.63) and Multan (R2= 0.58).   
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Table 10a:  Correlation of parasitism of H. armigera with abiotic factors in different 

localities during 2010. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.5069* 0.6697** 

Multan -0.5148* -0.0677 ns 

R.Y. Khan  -0.4792* 0.3881ns 

Cumulative -0.5623* 0.4933* 

**= Significant at P <0.01 ns= Non-significant 

Table 10b:  Correlation of parasitism of H. armigera with abiotic factors in different 

localities during 2011. 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.3731 ns 0.2716 ns 

Multan -0.5426* 0.5606* 

R.Y. Khan  -0.4913** 0.7117** 

Cumulative -0.5090* 0.6039** 

**= Significant at P <0.01 ns= Non-significant 

Table 10c:  Correlation of parasitism of H. armigera with abiotic factors in different 

localities during 2010-2011 (Pooled). 

District Average temperature (oC) Average relative humidity 

(%) 

Faisalabad -0.4945* 0.6868** 

Multan -0.5801** 0.4013 ns 

R.Y. Khan  -0.4916* 0.7805 ** 

Cumulative -0.5768* 0.7068** 

**= Significant at P <0.01 ns= Non-significant,  

  



 

85 

 

Table 10d:  Multiple linear regression analyses along with coefficient of 

determination regarding parasitism of H. hebetor and weather factors 

under various ecological conditions during 2010-2011 (pooled). 

 

**= Significant at P <0.01 ns= Non-significant, X1= Average temperature (
o
C), X2= Average relative humidity (%) 

 

 

  

District Regression 

Equation 

R2 F. Value 

Faisalabad  

 Y= 54.6 - 1.39 X1* 0.245 4.86* 

 Y= 14.1 - 1.14X1*+ 

0.50X2** 

0.632 12.01** 

Multan 

 Y= 31.4 - 0.83 X1* 0.337 7.62** 

 Y= 11.7 - 0.93 X1** 

+ 0.32X2** 

0.575 9.46** 

R.Y. Khan 

 Y= 23.6 - 0.55 X2* 0.242 4.78* 

 Y= -81.3 - 0.36X1* 

+ 1.23 X2** 

0.708 16.97** 

Cumulative 

 Y= 38.1 - 0.97X1* 0.333 7.48** 

 Y= -6.3 - .90X1**+ 

0.59X2** 

0.786 25.77** 
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4.2.5: Discussion 

Abiotic factors, like temperature and relative humidity, affected the developmental phase of 

insects (Guarneri et al., 2002). Adult populations observed weekly during the cotton season 

in different locations were subjected to simple correlation to determine the relationship 

between adult captures per trap and abiotic factors, i.e. average temperature and relative 

humidity. The adult population was positively correlated with average temperature in both 

years separately and cumulatively in all locations. These results suggest that temperature has 

a significant positive effect on the adult population. The population will decrease with a 

decrease in temperature and vice versa. These findings are in complete agreement with 

findings of Sharma et al. (2012), who reported that adults of H. armigera were positively 

correlated with maximum and minimum temperature with r values of r = 0.77 and r = 0.63, 

respectively. Similarly, Rothschild et al. (1981), Metange et al. (2004) and Sharma et al. 

(2005) also reported that temperature positively influenced adult catches of H. armigera.  

Relative humidity showed a different response in different years e.g. it was non-significant in 

2010 in Faisalabad and Multan location. But relative humidity showed a positive impact on 

adult population on cumulative basis of both years. Findings of Upadhyay et al. (1989) and 

Pazhanisamy and Deshmukh (2011) confirmed our results that correlation between adult 

trapping and relative humidity was positive. Insect population can increase with the increase 

in humidity as fecundity capacity of insects increase under high humidity, such as in the case 

of Callosobruchus maculatus (Fabricius) (Ouedraogoa et al., 1996). 

Correlation coefficients were calculated to determine the relationship between larval 

populations of H. armigera during the cotton seasons of 2010 and 2011 in districts 

Faisalabad, Multan and R.Y. Khan. The results showed that average temperature was 

positively correlated with the larval population. The r values between average temperature 

and larval population were calculated to be 0.54, 0.56 and 0.48 on cumulative basis of both 

years 2010 and 2011 in Faisalabad, Multan and R.Y. Khan, respectively. The finding of 

Sharma et al. (2005) confirms the results of present study regarding positive relationship 

between temperature and larval population of H. armigera. The data of present study 

suggests that relative humidity had a positive impact on larval populations. The r values of 
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relative humidity and larval population calculated were 0.56 and 0.78 on cumulative basis in 

Faisalabad and Multan, respectively.  

Temperature is one of prominent abiotoic factor which influences the development (Visser 

and Both, 2005) and reproductive potential of insects (Andrewartha, 1970). Disturbance of 

numerical response of insects occurs due to change of insect development rates. This change 

may affect insect population dynamics (Logan et al., 2006). Climate warming due to increase 

in temperatures may limit or expand insect distribution (Powel and Logan, 2005). Chatar et 

al. (2010) reported that mean relative humidity, with value of correlation coefficient 0.80, 

was positively correlated with larval population of H. armigera. 

Population of C. carnea and abiotic factors (average temperature and relative humidity) were 

subjected to simple correlation to determine the relationship between them. The value of 

correlation coefficients calculated were -0.50, -0.49 and 0.52 (on cumulative basis), in 

Faisalabad, Multan and R.Y. Khan, respectively. However, the correlation was not 

significant in year 2010 and 2011 in Multan and R.Y. Khan. The results showed that 

temperature caused a negative impact on C. carnea populations in all locations. A negative 

relationship between temperature and C. carnea population had also been shown in other 

studies (Mannan et al., 1995; Geetha and Swamiappan, 1998). Dhaka and Pareek (2007) 

reported that C. carnea had a negative association with maximum temperature (r = -0.760) 

and minimum temperature (r = -0.858). Temperature influenced predator's reproductive rate 

(De Clercq and Degheele, 1992) and predation rate (Waddill and Shepard, 1975). 

Temperature could alter functional response of predators from type II to type III (Wang and 

Ferro, 1998) and its foraging behaviour (Mohaghegh et al., 2001). It also can change tracking 

ability of predators to locate its prey by affecting its number of generations (Roy et al., 

2002). Synchronization between natural enemies with its prey can be influenced by 

temperature changes (Thomson et al., 2010). 

There was no significant relationship found between relative humidity and larval population 

except in 2011 in Multan, but the relationship was non-significant on a cumulative basis in 

Multan. Our results of a non-significant relationship between relative humidity and C. carnea 

were confirmed by Chakraborty and Korat (2013). Dhaka and Pareek (2007) also showed 

that humidity did not have any significant impact on larval populations. 
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Parasitoids, as natural enemies of insect pests, have a significant role in controlling their host 

abundance in agro-ecosystems (Waage and Hassell, 1982). There are various studies that 

have shown that climatic factors play a key role in the population dynamics of natural 

enemies (Ganehiarachchi and Fernando, 2000; Pandey et al., 2007; Mailafiya et al., 2010). 

The average temperature and relative humidity relationship with parasitism was determined 

by calculating correlation coefficient values for the data set for two year (2010, 2011) 

separately and cumulatively. The r values were recorded as -0.60, -0.69 and -0.68 on 

cumulative basis in Faisalabad, Multan and R.Y. Khan, respectively. Therefore, results 

showed that temperature played a significant role in parasitism by H. hebetor. Parasitism was 

low during the months of higher temperature and was maximum in months having the 

moderate temperature. This suggests that high temperature had a detrimental effect on the 

parasitism by H. hebetor. The relationship between relative humidity and parasitism was not 

consistent. There was a positive, significant (r = 0.53) correlation found only in Faisalabad 

on the basis of cumulative years. In contrast, a non-significant relationship was recorded in 

the other districts. There is no study available to compare and discuss with results of present 

study in cotton agro-ecosystem but results can be compare with a single study done on 

parasitism of H. armigera by H. hebetor in chick pea crop. Saxena et al. (2012) reported that 

there is no significant relationship between abiotic factors (temperature and relative 

humidity) and parasitism by H. hebetor in chickpea crop. Relative humidity influence 

significantly parasitoid's developmental period and reproductive potential (Qian et al., 2013). 

It can determined sex ratio of parasitoids like Braconidae but its affect is species specific 

(Legner, 1977). Relative humidity along with temperature is important factor to determine 

insect's temporal distribution (Bishop et al., 1996). Longevity of adult increased with 

increase of humidity in Hungariella peregrine Compere (Wysoki, 1977) and Microplitis 

demolitor Wilkinson (Herard et al., 1988). At low humidity, water may reduce in parasitoid's 

body due to evaporation increased from spiracles and cuticle of parasitoids. Therefore, it may 

result in increase of metabolic activities to compensate water loss and consequently 

premature mortality may occur (Chapman, 1973). 

The present study shows that temperature had significant positive correlation with adult and 

larval population of H. armigera. This shows its potential threat for expanding its range into 

cooler areas due to climate change. The positive relationship of H. armigera with relative 
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humidity shows its potential distribution in hot and humid areas. This relationship is also 

helpful in mass rearing of this pest by adjusting temperature and humidity to study its 

biological studies with their host plants and natural enemies. Chrysoperla carnea population 

was negatively correlated with temperature. This suggests that environmental conditions 

must be considered for augmentation of C. carnea. Seasonal parasitism by H. hebetor was 

positively correlated with relative humidity this information may provide help in mass 

rearing of H. hebetor. Use of H. hebetor could better perform as a biological control agent in 

humid areas. It can be concluded that C. carnea and H. hebetor can be used to control H. 

armigera with other control measures especially during months of higher temperature.              
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SECTION-III         

3.3: Temperature influence on H. armigera and its natural enemies 

3.3.1: Influence of temperature on H. armigera 

3.3.1.1: Developmental period and adult longevity 

Effect of constant temperatures was significantly different on developmental period of eggs 

(F= 3389, DF= 5 and P< 0.001). Developmental period of eggs varied from 23.72 to 2.24 

day. Eggs completed its development quickly (2.24 days) at 35oC and a delayed development 

of 23.72 days at 10oC. It completed its duration in 4.09 days at 25oC. Larval development 

was also significantly influenced by different temperatures (F= 2671, DF= 4 and P< 0.001). 

Larvae did not complete their development at temperature of 10oC. Larval development was 

slow i.e. 70.13 and 25.24 days at lower temperatures of 15 and 20oC, respectively. Increase 

in temperature decreased larval development period. Larvae completed their developmental 

period in 15.96 days at 25oC. Development period decreased to 13.06 and 10.81 days at 30 

and 35oC temperatures, respectively. Similarly, pupal development period was significantly 

different over a wide range of temperatures (F= 556, DF= 3 and P< 0.001). Pupal diapause 

occurred at temperature of 15oC. Pupal development was also decreased with increase of 

temperature. Pupal development was 22.38, 12.62, 10.79 and 8.83 days when incubated at 

20, 25, 30 and 35oC temperature, respectively (Table 11). Rate of development of different 

developmental stages of H. armigera were plotted in a graph over different temperatures 

(Fig. 38). 

Longevity of female was observed with the values of 28.14 days at 15oC, which decreased to 

24.28, 21.03, and 18.69, and 7.04 days at a range of temperatures of 15, 20, 25, 30 and 35oC, 

respectively. Shortest longevity of male (8.87oC) was estimated at temperature of 35oC. 

While, male longevity prolonged to 37.37 days at 15oC. Male longevity ranged from 37.37 to 

8.38 days at a range of constant temperatures of 15 to 35oC.    
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3.3.1.2: Reproduction  

Temperature significantly (F= 395, DF= 4 and P<0.001) influenced pre-oviposition period of 

H. armigera (Table 12). Pre-ovipositional period of H. armigera decreased from 9.86 days at 

temperature 15oC to 1.38 days at 35oC (Table 12). In contrast, maximum fecundity (973.15 

eggs per female) was recorded at 25oC. At temperatures 15, 20, 30 and 35oC, fecundity was 

112.35, 553.06, 636.33 and 101.79 eggs per female, respectively. 

3.3.1.3: Oviposition 

Oviposition period was significantly affected by temperature (F= 12, DF= 4 and P<0.001). 

The highest ovipositional period of 14.76 days was observed at temperature of 25oC. 

Ovipositional period ranged from 13.98 to 5.47 days at temperatures ranging from 15 to 35oC 

with the shortest period (5.47 days) of egg laying at 35oC (Table 12). Maximum average eggs 

per female were calculated 54.15 at temperature of 25oC. Average eggs per female were 7.66, 

29.18, 54.15, 37.04 and 14.01 at temperatures 15, 20, 25, 30 and 35oC, respectively. At 

higher temperatures, more eggs were laid per day as compared to lower temperatures.  

3.3.1.4: Relationship between development period and temperature  

To determine relationship between temperature and H. armigera development period over 

constant temperatures, linear regression model was calculated (Table 13). Linear models for 

eggs, larvae and pupae were Y= 0.017X-0.178 (R2= 0.96), Y= 0.004X-0.044 (R2= 0.97) and 

Y= 0.004X-0.041 (R2= 0.930), respectively. Lower developmental threshold temperature for 

each stage was calculated as follows: 10.47, 11 and 10.25 for the development of egg, larval 

and pupal stages, development. Degree days were calculated by using the values of lower 

developmental threshold level of each developmental stage. Eggs, larvae and pupae required 

58.82, 250 and 250 DD, respectively to complete its development.  

3.3.1.5: Survival 

The percent survivals of different developmental stages at constant temperatures are 

presented in Fig. 39. Maximum mortality of eggs was recorded at higher temperature than at 

mild and lower temperatures. Maximum survival (97.55%) of egg stage was recorded at 

25oC. Percentage survival of eggs at 10, 15, 20, 25, 30 and 35oC was recorded with values of 
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24.4, 39.57, 53.09, 70.55, 37.87 and 35.65%, respectively. Maximum survival of larvae was 

recorded 83.67% at 25oC temperature. However, it decreased to 69.17 and 49.09% at 30 and 

35oC, respectively. While 51.4 and 75.91% survival was recorded at 15 and 20oC. Survival of 

pupae was recorded 15.41, 85.39, 94.82, 60.23, and 32.43% at temperatures of 15, 20, 25, 30 

and 35oC, respectively. Larval survival was more at higher temperatures as compared to eggs 

and pupae.  

Table 11: Temperature dependent development of immature stages of H. armigera. 

Temperature (oC) Egg stage (days) 

(Mean±SE) 

Larval stage (days) 

(Mean±SE) 

Pupal Stage (days) 

(Mean±SE) 

10 23.72 ± 0.17a ------------------ ----------- 

15 15.55 ± 0.08b 70.13 ±1.06 a ----------- 

20 08.36 ± 0.0.06c 25.24 ± 0.02b 22.38 ± 0.30a 

25 04.09 ± 0.02d 15.96 ± 0.02c 12.62 ± 0.14b 

30 02.94 ± 0.04e 13.06 ± 0.09d 10.79 ±0.21c 

35 02.24 ± 0.01f 10.81 ± 0.12e 08.83 ± 0.32d 

40 ----------------- ----------------- ----------------- 

F 3389**  2671** 556** 

Df 05.00 4.00 3.00 

P <0.001 <0.001 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant. Doted lines = Development could not complete 
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Table 12:  Longevity and reproductive potential of adults of H. armigera under 

constant temperatures. 

 

Tempe-

rature 

(oC) 

Longevity (days) Preovipositio 

period (day) 

(Mean±SE) 

Fecundity 

(Eggs/female) 

(Mean±SE) 

Average 

eggs per 

day 

(Mean±
SE) 

Ovipositi

on period 

(days) 

(Mean ±
SE) 

Female 

(Mean ±

SE) 

Male 

(Mean±

SE) 

15 28.14±3.2

7a 

37.37±4.

30a 

9.86 ±0.29a 112.35±13.84

b 

7.66±1.2

1c 

13.98±1.5

4a 

20 24.28±0.9

7a 

26.79±1.

74b 

3.46 ± 0.14b 553.06±118.8

9ab 

29.18±1.

88b 

12.93±0.1

6a 

25 21.03±2.5

6a 

24.84±0.

98b 

2.20 ± 0.07cd 973.15±138.7

7a 

54.15±2.

30a 

14.76±0.1

1a 

30 18.69±1.9

6a 

21.03±1.

14b 

1.82 ± 0.11d 636.33±182.9

3ab 

37.04±4.

37b 

10.11±1.4

4ab 

35 7.04±0.79

b 

8.87±0.6

5c  

1.38 ± 0.18c 101.79±27.58

b 

14.01±0.

96c 

5.47± 

1.21b 

F 14.1** 22.00** 395.00** 10.2** 56.8** 12** 

Df 4 4 4 4 4 4 

P <0.004 <0.001 <0.001 <0.001 <0.001 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant 

Table 13:  Linear regression model parameters and R2 values for temperature 

dependent development of immature stages of H. armigera. 

Stage B A To DD R2 

Egg 0.017 -0.178 10.47 58.82 0.96 

Larva 0.004 -0.044 11 250 0.97 

Pupa 0.004 -0.041 10.25 250 0.93 

Developmental 

period* 

0.004 -0.044 11 250 0.96 

a=,  intercept, b= slope of regression line, To, Developmental threshold,  DD=Degree-days, *= Egg to adult emergence  
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Fig. 38:   Percent survival of developmental stages of H. armigera at constant 

temperatures. 

 

 

Fig. 39:  Rate of development of immature stages of H. armigera at constant 

temperatures.  
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3.3.2: Influence of temperature on C. carnea 

3.3.2.1: Developmental period and adult longevity 

Results (Table 14) shows that temperatures significantly affected developmental period of C. 

carnea eggs (F= 327, DF= 5 and P< 0.001). Developmental period of eggs varied from 17.6 

to 3.36 days. Eggs completed their development quickly (3.36 days) at 35oC and prolonged 

to 17.6 days at 10oC. It completed its duration in 6.35 days at 25oC. Larval development was 

also significantly (F= 1153, DF= 4 and P< 0.001) influenced by constant temperatures. 

Larvae did not complete their development at temperature of 10 and 40oC. Larval 

development was slow i.e. 18.45 to 15.58 days at lower temperatures of 15 and 20oC, 

respectively. Increase in temperature decreased larval development period. Larval period 

prolonged to 10.04 days at 25oC. Development period decreased to 09.36 and 6.24 days at 30 

and 35oC temperatures, respectively. Pupal duration was also highly significant under the 

constant temperatures (F= 289, DF= 4 and P< 0.001). The duration of pupal development 

was less at higher temperatures, like 5.56 days at 30oC and 4.76 days at 35oC. Duration of 

pupal development was high which was recorded 15.38 days at 15oC. Rate of development of 

different developmental stages of C. carnea were plotted in a graph at constant temperatures 

(Fig. 40). 

Longevity of both male (24.43 days) and female (67.94 days) was recorded high at 15oC. 

While shortest developmental period of male and female was recorded as 7.08 and 16.44 

days, respectively, at 35oC. Females' longevity was recorded 67.94, 53.46, 46.19, 29.32 and 

16.44 days at 15, 20, 25, 30 and 35oC, respectively. The range of temperatures 15, 20, 25, 30 

and 35oC influenced males to complete their development in 24.43, 20.94, 17.10, 9.49, 7.08 

days, respectively.      

4.3.2.2: Reproduction 

Pre-ovipositional period was highly significant (F= 1184, DF= 4, and P <0.001) at constant 

temperatures (15, 20, 25, 30 and 35oC). Maximum duration of pre-ovipositin was recorded as 

10.64 days at 15oC and C. carnea complete its pre-ovipositional period in less number of 

days with value of 4.24 days at temperature 35oC. Highest fecundity of 190.59 eggs per 

female of C. carnea was recorded at 25oC whereas lowest fecundity with values of 26.01 and 
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37.69 eggs per female were at 35 and 15oC temperatures, respectively. At temperatures, 15, 

20, 30 and 35oC, fecundity was recorded 37.69, 78.59, 190.59, 92.35 and 26.01 eggs per 

female, respectively. Table 15 shows that oviposition is highly dependent on temperature (F= 

5.48, DF= 4 and P <0.001). Oviposition period was 25.92, 20.42, 27.53, 23.33 and 16.95 

days at 15, 20, 25, 30 and 35oC, respectively. Maximum ovipositional period of 27.53 days 

was estimated at 25oC. Ovipositional period reduced at higher temperatures like 35oC.  

4.3.2.3: Relationship between developmental period and temperature 

Different developmental stages of C. carnea and temperature from 15 to 35oC were modelled 

linearly (Table 16). Linear model of eggs were calculated as Y= 0.01X-0.096 (R2= 0.99). 

Linear relation between larvae and pupae was expressed as Y= 0.005X-0.044 (R2= 0.97) and 

Y= 0.008X-0.070 (R2= 0.99), respectively. Linear models were used to calculate lower 

developmental threshold for each stage. Lower developmental threshold temperature for each 

stage was calculated as follows: 9.6, 8.80 and 8.75 for the egg, larvae and pupal stages, 

development. Eggs, larvae and pupae required 100, 200 and 125 DD respectively to complete 

its development. 

4.3.2.4: Survival 

Results (Fig. 41) showed percent survival of developmental stages of C. carnea against 

constant temperatures. Neither stage of C. carnea can survive at temperature of 40oC except 

eggs. Maximum survival with value of 92.5% was at 25oC. Survival of eggs decrease with 

increase of temperature such as it decreases from 56% to 11.56% at 30 to 40oC. Larvae of C. 

carnea could not survive at 10 and 40oC. Survival of larvae was 55.36, 83.17, 65.48 and 

53.93% at 15, 20, 30, and 35oC. Pupal survival was ranged from 58.06 to 20.83% at 15 to 

35oC. Larvae were more tolerant to higher temperature than other developmental stages. 
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Table 14: Temperature dependent development of immature stages of C. carnea. 

Temperature (oC) Egg stage (days) 

(Mean±SE) 

Larval stage (days) 

(Mean±SE) 

Pupal Stage (days) 

(Mean±SE) 

10 17.6±0.53a --------------- --------------- 

15 13.04±0.33b 22.45±0.19a 15.38±0.41a 

20 9.88±0.14c 19.58±0.16b 11.16±0.19b 

25 6.35±0.07d 13.04±0.02c 8.72±0.09c 

30 4.89±0.16e 11.36±0.14d 5.56±0.28d 

35 3.36±0.30f 10.24±0.16e 4.76±0.19d 

40 ------------ --------------- -------------- 

F 327** 1153** 289** 

Df 5 4 4 

P <0.001 <0.001 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant. Dotted line= Developmental could not complete 

Table 15: Longevity and reproductive potential of adults of C. carnea under 

constant temperatures. 

 

Temper-

ature 

(oC) 

      Longevity (days) Preoviposit

ion period 

(days) 

(Mean±
SE) 

Fecundity 

(Eggs/female) 

(Mean±SE) 

Oviposition 

period (days) 

(Mean±SE) 

Female 

(Mean±SE) 

Male 

(Mean±
SE) 

15 67.94±2.77a 24.43±1.46a 10.64±0.25 

A 

37.69±11.25b 25.92±0.94a 

20 53.46±1.63b 20.94±0.62b 7.68±0.10c 78.59±12.56b 20.42±0.17ab 

25 46.19±0.89c 17.10±0.06c 5.37±0.08d 190.59±34.93a 27.53±0.09a 

30 29.32±0.62d 9.49±0.25d 4.24±0.19e 92.35±34.92b 23.33±0.25ab 

35 16.44±0.48e 7.08±0.18d 8.58±0.25b 26.01±13.47b 16.95±0.13b 

F 174** 105** 201** 12.3** 5.48** 

Df 4 4 4 4 4 

P <0.001 <0.001 <0.001 <0.007 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant 
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Table 16:  Linear Regression model parameters and R2 values for temperature 

dependant development of immature stages of C. carnea. 

Stage B A To DD R2 

Egg 0.01 -0.096 9.6 100 0.98 

Larva 0.005 -0.044 8.8 200 0.96 

Pupa 0.008 -0.070 8.75 125 0.91 

Developmental 

Period* 

0.006 -0.043 7.17 166.67 0.97 

a= intercept, b= slope of regression line, To= Developmental threshold, DD= Degree-days, *= egg to adult emergence 

 

 

Fig. 40:  Percent survival of developmental stages of C. carnea under constant 

temperatures. 

 

 

 

 

D

C

B

A

C CD

c

ab

a

b

c

c

a

a

b

c

0

20

40

60

80

100

120

10 15 20 25 30 35

Su
rv

iv
al

 (
%

)

Temperatures (oC)

Egg stage

Larval stage

Pupal stage



 

99 

 

 

 

 

 

 

 

 

 

Fig. 41:  Rate of developmental of developmental stages of C. carnea under 

constant temperatures. 
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4.3.3: Influence of temperature on H. hebetor 

4.3.3.1: Developmental period and adult longevity 

Developmental period of eggs, larvae and pupae were significantly (P<0.001) affected by 

constant temperatures shown in Table 17. Eggs completed their duration in short time at 

40oC in 1.89 days. Eggs developmental duration ranged from 16.52 days to 1.89 days at 10 to 

40oC. Larvae could not complete their development at temperature of 10oC. Larval 

development was slow (24.93 and 11.64 days) at lower temperature of 15 and 20oC, 

respectively. Increase in temperature decreased larval developmental period. Larvae 

completed their developmental period in 3.45 days at 25oC. It decreased to 1.96 and 1.56oC 

at 30 and 40oC, respectively. The duration of pupal development was less at higher 

temperatures i.e. 6.67 days at 30oC and 6.45 days at 35oC. Duration of pupal development 

was recorded high with value of 22.42 days at 15oC. Rate of development of different 

developmental stages of H. hebetor were plotted in a graph at constant temperatures (Fig. 

43). 

4.3.3.2: Reproduction  

Female and male longevity was significantly influenced (P<0.001) at a range of temperatures 

(15-35oC). Development of female was observed high with 40.96 days at 15oC, which 

decreased to 30.09, 26.22, and 22.17, and 18.47 days at a range of temperatures of 15, 20, 25, 

30 and 35oC, respectively. The range of temperatures (15, 20, 25, 30 and 35oC) influenced 

males to complete their development in 22.42, 16.38, 8.24, 6.67 and 6.45 days, respectively.  

Temperature significantly (F= 2.64, DF= 4 and P<0.001) influenced post-oviposition period 

(Table 18). Post-ovipositional period of H. hebetor decreased from 10.45 days at 15oC 

temperature to 3.54 days at 35oC. Post oviposition was shortest with 3.54 days at 35oC. The 

post-oviposition period decreased with increase of temperature. The highest fecundity 

(158.36 eggs/female) of H. hebetor was recorded at 25oC whereas lowest fecundity was 

42.92 and 48.75 eggs/female at 35 and 15oC temperatures, respectively. The fecundity was 

recorded 48.75, 113.03, 158.36, 89.27 and 42.92 eggs/female at 15, 20, 30 and 35oC, 

respectively. Higher and lower temperatures rather than optimum have showed negative 

effect on fecundity. Oviposition period was ranged 31.03 to 19.4 days at 15 to 35oC. Highest 
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oviposition was recorded as 31.03 days at 15oC. It started to decrease from 27.62 to 19.4 days 

at 20 to 35oC. Minimum period of oviposition was recorded 19.4 days at 35oC.  

4.3.3.3: Survival 

Results (Fig. 42) showed percent survival of immature stages of H. hebetor at constant 

temperatures. Maximum survival was recorded 66.22% during egg stage at 25oC. While, 

minimum survival was recorded as 8.71% during egg stage. Larvae could not survive at 

10oC. Maximum survival of larvae was recorded as 79.27% at 25oC. Pupae could not survive 

at 10oC and 40oC. Maximum survival was observed as 91.23% at 25oC during pupal stage.  

4.3.3.4: Relationship between developmental period and temperature 

To determine relationship between temperature and H. hebetor over constant temperatures, 

linear models were calculated. Linear models for eggs, larvae and pupae were Y=0.016X-

0.112 (R2= 0.99), Y=0.025X-0.36 (R2= 0.98) and Y=0.007X-0.083 (R2= 0.97), respectively. 

Lower developmental threshold (To) was calculated from these models. Larvae have higher 

value of lower developmental threshold than eggs and pupae. Values of lower developmental 

threshold for immature stages i.e. eggs, larvae and pupae were estimated with values of 7.00, 

14.40 and 11.86oC, respectively. Degree days were calculated by using the values of lower 

developmental threshold of each developmental stage. Eggs, larvae and pupae required 

62.50, 40 and 142.86 DD, respectively to complete their development (Table 19).   

The highest parasitism was recorded 99.77% at 25oC. The parasitism was recorded about 

89.41 and 52.24% at 20 and 15oC, respectively. The higher temperatures had negative impact 

on parasitism of H. hebetor and its parasitism was 70.49 and 32.34% at 30 and 35oC 

temperatures, respectively (Fig. 44).  
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Table 17: Temperature dependent development of immature stages of H. hebetor. 

Temperature (oC) Egg stage (days) 

(Mean±SE) 

Larval stage (days) 

(Mean±SE) 

Pupal Stage (days) 

(Mean±SE) 

10 16.52±0.49a -------- ------- 

15 8.61±0.17b 24.93±0.51a 22.42±0.59a 

20 5.39±0.10c 11.64±0.12b 16.38±0.24b 

25 3.34±0.06d 3.45±0.17c 8.24±0.11c 

30 2.01±0.13e 1.96±0.07d 6.67±0.21d 

35 1.78±0.31e 1.48±0.22d 6.45±0.31d 

40 1.89±0.36e 1.56±0.37d --------- 

F 387** 1076** 439** 

Df 6 5 4 

P Value <0.001 <0.001 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant 

Table 18:  Longevity and reproduction potential of adults of H. hebetor under 

constant temperatures. 

Temperature 

(oC) 

Longevity (days)  Fecundity 

(eggs/female) 

(Mean±SE) 

Oviposition 

Period 

(days) 

(Mean±SE) 

Post-

Oviposition 

period 

(days) 

(Mean ±
SE) 

Female 

(Mean±SE) 

Male 

(Mean±SE) 

15 40.96±2.77a 26.21±1.46a 48.75±17.94b 31.03±2.42a 10.45±3.9b 

20 30.09±1.63ab 17.16±0.62ab 113.03±21.89ab 27.62±1.25ab 7.13±0.41a 

25 26.23±0.89ab 14.97±0.07ab 158.36±22.18a 25.98±1.24ab 5.87±0.18a 

30 22.17±0.62ab 10.70±0.25ab 89.27±24.28ab 23.57±2.29ab 3.67±0.17a 

35 18.47±0.48b 7.25±0.18b 42.92±11.23b 19.4±2.16b 3.54±0.18a 

F 3.92** 3.95** 5.69** 5.07** 2.64** 

Df 4 4 4 4 4 

P Value <0.001 <0.001 <0.001 <0.001 <0.001 

Means sharing similar letters in the same column are not significantly different by Tukey HSD test. **= Significant at P <0.01 ns= Non-

significant 
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Table 19:  Linear regression model parameters and R2 values for temperature 

dependant development of immature stages of H. hebetor. 

Stage B A To DD R2 

Egg 0.016 -0.112 7.00 62.50 0.99 

Larva 0.025 -0.36 14.40 40.00 0.98 

Pupa 0.007 -0.083 11.86 142.86 0.97 

Developmental 

Period* 

0.014 -0.164 11.71 71.43 0.96 

a=, intercept, b= slope of regression line, To, Developmental threshold, DD=Degree-days, *= Egg to adult emergence 

 

 

 

Fig. 42:  Percent survival of developmental stages of H. hebetor under constant 

temperatures. 
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Fig. 43: Rate of development of H. hebetor under constant temperatures. 

 

Fig. 44: Parasitism of H. hebetor under constant temperatures. 

  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

10 15 20 25 30 35 40

R
at

e
 o

f 
d

e
ve

lo
p

m
e

n
t 

(d
)

Temperature (oC)

egg

Larvae

pupae

c

ab
a

bc

d

0

20

40

60

80

100

120

15 20 25 30 35

P
ar

as
it

is
m

 (
%

)

Temperatures (0C)

Parasitism (%)



 

105 

 

4.3.4: Discussion 

4.3.4.1: Influence of temperature on H. armigera 

Survival, development and reproduction of H. armigera were studied over a range of 

constant temperatures. The results showed that immature life stages complete their 

development in shorter time at high temperatures as compared to low temperatures. Similar 

observations on developmental periods of H. armigera were made by other works (Jallow 

and Matsumura, 2001; Bartekova and Praslicka, 2006). Development of eggs (2.04 days), 

larvae (10.36 days) and pupae (8.56 days) was recorded at 35oC by Mironidis and 

Savopoulou (2008). However, at 30oC the developmental period was recorded as 4.07, 18.27 

and 10.10 days for eggs, larvae and pupae, respectively (Bartekova and Praslicka, 2006). 

Moreover at 15oC pupae underwent diapause. Pupal diapause also reported in higher 

proportions at lower temperature, 19oC with 12 L: 12 D photoperiod, and diapausing stages 

can be identified by having pigmented eyes (Cullen and Browning, 1978). They also defined 

pupal diapuse when adult did not emerge even after 70 days. Kurban et al. (2007) also 

concluded that pupal diapause of H. armigera is temperature dependent.   

Results of male and female development under constant temperatures suggested that female 

is short living than male but development period in both sexes decreased with increase in 

temperature and prolonged with a decrease in temperature. Male developmental period 

ranged from 126.59 to 23.00 days whereas female developmental period ranged from 118.64 

to 21.98 days with temperature range of 15 to 35oC (Wu et al., 1980). Temperature had 

significant impact on fecundity of Heliothis species (Nadgauda and Pitre, 1983). Maximum 

fecundity was recorded as 973.15 eggs per female at 25oC. It decreased with increase of 

temperature. Our results at 35oC were similar to those obtained by Twine (1978). Both high 

and low temperature influence reproductive abilities of H. armigera (Henneberry and Butler, 

1986; Zhou et al., 2000). Maximum survival was recorded as 83.67% at 25oC and decreased 

to 69.17 and 49.09% at 30 and 35oC, respectively. These results suggested that high 

temperature is very lethal to all stages of H. armigera. There are various studies have shown 

low survival rate at higher temperature which are in line with findings of the present study 

(List, 1938; Bashi and Tunc, 2008; Tran et al., 2012).  

Linear regression model was used to calculate lower developmental threshold of H. 

arimigera. Developmental thresholds recorded in our study were 10.47, 11 and 10.25 for 

eggs, larvae and pupae, respectively. The present findings are in complete agreement with 
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those of other previous studies (Chao et al., 1987; Qurashi et al., 1999; Mironidis and 

Savopoulou, 2008). Jallow and Matsumura (2001) reported a lower developmental threshold 

for pupae 14.6 higher than calculated in our study. Difference in the values of developmental 

thresholds of H. armigera in the present study and other studies may be due to number of 

factors including strain, rearing technique and most importantly geographical origin (Vargas 

et al., 2000). 

In conclusion, results of present study showed that temperature had influenced survival and 

other biological parameters like development and fecundity of H. armigera. It could be used 

for its mass rearing as optimum temperature for the development of H. armigera was 

predicted as 25oC with maximum survival. Furthermore, this study could be helpful to 

determine its distributional shift under scenario of climate change. It can be predict from the 

results of this study that its abundance in Pakistan may be high in cooler areas like 

Rawalpindi due to temperature increase. These linear models are not reliable at extreme 

temperatures due to inherent inaccuracy thus non-linear models could be used to determine 

behaviour of H. armigera at higher temperatures. 

4.3.4.2: Influence of temperature on C. carnea 

Relationship between temperature and development of C. carnea was determined by 

subjecting C. carnea to a range of constant temperatures. It also provided impact of 

temperature on reproductive physiology of C. carnea. Eggs, larvae and pupae completed 

their development in shorter period of time at high temperatures as opposed to low 

temperatures. Developmental periods ranged between 17.6 to 3.36 days for eggs, 18.45 to 

6.24 days for larvae and 15.38 to 4.76 days for pupae at temperatures of 10 and 35oC, 

respectively. There are various studies which correspond to findings of our study (Venzon 

and Carvalho, 1993; Fonesca et al., 2001; Hassani-Sadi et al., 2010). Honek and Kocourek 

(1988) reported that egg development duration was 10.9 and 4.9 days at 15 and 24oC, 

respectively. Cardoso and Lazzari (2003) reported larval duration of Chrysoperla externa 

(Hagen) 59.5 days at 15oC, 22.3 days at 20oC and 10.9 days at 25oC. Chrysoperla carnea 

completed its development with the faster rate i.e. 26.5 days at 30oC and the slowest with 

value of 46.2 days at 21.5oC (Silva et al., 2007). Chrysoperla carnea could not complete its 

development at temperature lower than 10oC. Chrysoperla externa subjected to temperature 

of 12°C could not complete its development (Oliveira et al., 2010).  
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Fecundity, pre-oviposition and oviposition periods were also significantly (P<0.01) 

influenced by temperature. Maximum fecundity (190 eggs/female) was recorded at 25oC. 

Fecundity tended to decrease with increase in temperature. Accordingly, the lowest fecundity 

(26.01eggs/female) was recorded at 35oC and ovipositional period reduced. A fecundity of 

4.49 and 225.3 eggs/female was recorded at 32.5 and 22.5oC, respectively (Hassani-Sadi et 

al., 2010). Our results can be compared with result of Nadeem et al. (2012) who observed 

total eggs laid per female were 62.6, 179.3, 113.0 and 33.0 at 20, 25, 28 and 31oC, 

respectively.  

Developmental threshold for C. carnea was 9.6, 8.80 and 8.75oC for eggs, larvae and pupae, 

respectively. Oliveira et al. (2010) reported developmental threshold for larvae (10.7oC) and 

pupae (9.3oC) of C. externa. In Russia, developmental threshold (10oC) of C. carnea was 

calculated by Volkovich (1998). Similarly, various authors calculated developmental 

threshold for lacewing population (Liu, 1989; Fujiwara and Nomura, 1999; Pappas et al., 

2013). 

Percentage survival of eggs of C. carnea was lowest 37.08 and 37.33 at high temperature 

(35oC) and low temperature (15oC), respectively. Maximum survival of C. carnea at all 

developmental stages was recorded at 25oC. Similarly, minimum percent survival of M. 

desjardinsi and C. nipponensis at egg stage was recorded at higher temperature i.e. 30oC, 

with value of 20.8 and 37.5%, respectively (Nakahira et al., 2005). 

Study showed that best suited temperature was 25oC for development of C. carnea for all of 

its stages but it also completed its development quickly at 30oC. Therefore, mass rearing of 

C. carnea can be done at a range of 25 to 30oC. Survival of its eggs at 10oC showed that eggs 

were more cold tolerant than its other developmental stages and eggs can be stored at this 

temperature for mass rearing and releasing into field. Maximum survival of larvae at higher 

temperatures i.e. 30 and 35oC indicates that release of larvae of C. carnea can be more 

reliable to control insect pests in summer crops. Its low values of lower developmental 

threshold reflects that they are cold tolerant rather than warm tolerant. Chrysoperla carnea 

abundance may be high in areas like Lahore which having a moderate temperature than lower 

in Punjab areas like D.G. Khan. 

4.3.4.3: Influence of temperature on H. hebetor 

Temperature is one of the main environmental factors that directly influences the 

development and survival of many insect species including natural enemies. High 
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temperatures tend to reduce the developmental period and hence shorter life cycles. 

Developmental rate models, driven by temperature, have been used to quantify the influence 

of temperature on insect development (Ratte, 1985). It also influences generation time of 

natural enemies and its potential to follow their prey population (Roy et al., 2002). These 

phenology models can be useful tools to determine the different biological events of insect 

life on spatio-temporal scales. They can also be used to evaluate response of changing 

climate over insects and its population dynamics (Bentz et al., 2010). Our results showed that 

high temperatures reduced survival. In contrast, Forouzan et al. (2008) reported that survival 

increased with increase of temperature. This difference in behaviour of H. hebetor for the 

survival may be due to number of factors including strain, rearing technique and most 

importantly geographical origin (Vargas et al., 2000). 

Some immature stages of H. hebetor were unable to survive at 10oC and 40oC and therefore 

could not complete its development under these temperatures. These findings slightly differ 

from those of Payne, 1933 who reported that H. hebetor can survive and paralyzed its host 

larvae over a range of 14.5-40oC. It may be due to geographical variation of species (Honek, 

1996). Developmental duration increased at lower temperatures and shortened with increase 

in temperature. Similar developmental trend with temperature for parasitoids was reported by 

various authors (Engroff and Watson, 1975; Thanavendan and Jeyarani, 2010). Ahmad et al. 

(1985) reported that females lived longer than males and longevity of both males and females 

was higher at low temperatures than at high temperatures. Similar observations were 

recorded in this study. Current study showed that fecundity was also influenced by 

temperature and it decreases with increase in temperature. A study of an increase in 

temperature decreased fecundity of Bracon vulgaris (Ashmead), whereas high fecundity and 

oviposition period was recorded at mild temperatures (Ramalho et al., 2011), confirms our 

results regarding relationship of temperature with fecundity and oviposition.  

High temperature has negative relationship with parasitism. Maximum parasitism was 

recorded at 25oC which decreased with increase of temperature. Parasitism was higher at 

lower temperatures and low at higher temperature forming a quadratic parasitism pattern in 

H. hebetor over a range of temperatures. Maximum parasitism by A. ervi (16.6-16.9%) was 

recorded at 25oC and decrease to 14.6% at 30oC (McCutcheon and Simmons, 2000; 

Sigsgaard, 2000).  
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The results of this study predicted that lower developmental threshold was comparatively 

high for larvae as compared to eggs and pupae. It suggested that eggs are more tolerant to 

cold temperatures than other immature stages. Similarly, low threshold level was high 

(13.2oC) for Venturia canescens (Gravenhorst) larvae than pupae (12.8oC) (Spanoudis and 

Andreadis, 2012). Our results suggested that pupae of H. hebetor required more degree days 

as compared to larvae and pupae. Kalaitzaki et al. (2007) also reported that pupae of Pnigalio 

pectinicornis L. required more number of degree days (k= 110 degree days) to complete its 

developmental stage as compared to larvae (k= 61 degree days) when reared on Phyllocnistis 

citrella (Stainton). It can be conclude that behaviour of H. hebetor changed due to change in 

temperature. Mass rearing of H. hebtor can be done at a range of 25-30oC temperatures 

considering its quick development and survival. Parasitization decreased at higher 

temperatures indicates that it should be released in comparatively cooler areas like 

Faisalabad. Like C. carnea, it also looks cold tolerant than warm tolerant because of its low 

values of lower developmental threshold.      

It can be concluded that C. carnea and H. hebetor can complete their development over a 

wide range of temperatures especially at lower temperatures (e.g. 15oC) as compared to H. 

armigera. It shows that this predator can also be used in cooler areas of Pakistan. Natural 

enemies (C. carnea and H. hebetor) could have more number of generations in a year as 

compared to H. armigera because C. carnea and H. hebetor have low number of degree days 

to complete their development than H. armigera. Therefore, these natural enemies can 

control spreading of population of H. armigera under the scenario of climate change in 

Pakistan. Laboratory studies provide helpful information for population dynamics of insects 

even though in field conditions, insects are not consistently exposed to such constant 

temperatures. However, additional studies like host in terms of its interaction with other 

environmental factors (e.g. humidity and photoperiod) of H. armigera should be studied 

under natural conditions. Host selection, mating behaviour and functional response are also 

important biological parameters of C. carnea and H. hebetor which should be studied under 

fluctuating temperatures in laboratory conditions and then must validated in field. Therefore, 

effectiveness of these natural enemies could examine for different agro-ecosystems.   

 

  



 

110 

 

SECTION-IV         

 

4.4: Impact of drought on H. armigra and its natural enemies 

4.4.1: Larval population of H. armigera on different genotypes under irrigated and 

drought conditions 

Larval population of H. armigera was significantly different (F= 124.1, DF= 4 and P<0.001) 

in treatments (irrigated vs drought) and among genotypes (F= 18.75, DF= 4 and P<0.001) but 

the interaction between genotype and treatment was not significant (F= 1.14 DF= 4 and 

P>0.05) presented in Table 20a. In irrigated conditions, maximum larval population was 

recorded in the genotype, FH-1000, with value of 0.49 per plant that was statistically at par 

with genotype, FH-207, at 0.47 larva per plant. Genotype, FH-4243, had the lowest number 

bollworm recorded per plant (0.39). The population of larvae was lower on cotton plants 

growing under drought conditions as compared to the plants growing under irrigation. Larval 

population per plant of H. armigera under drought conditions was 0.34, 0.30, 0.22, 0.40 and 

0.35 for genotypes FH-941, FH-187, FH-4243, FH-1000 and FH-207, respectively (Table, 

20b). 

4.4.2: Damage caused by H. armigera on different genotypes under irrigate and drought 

conditions. 

Maximum damage was recorded on genotype, FH-207, at a value of 22.45% which was 

followed by FH-1000 for both irrigated (18.73%) and drought (20.92%) conditions. 

Minimum damage was recorded in genotype, FH-4243, both under irrigated (13.24%) and 

drought (09.59%) conditions. The percentage damage of 17.04 and 14.50 was recorded on 

the genotypes FH-941 and FH-187, respectively under drought condition. Overall, high 

damage (17.63%) was recorded on plants growing under drought conditions as compared to 

those under irrigated conditions (13.85%). The damage irrespective to treatments was 

recorded with values of 11.41, 12.97, 15.42, 19.08 and 19.83% on genotypes FH-4243, FH-

187, FH-941, FH-207, FH-1000, respectively (Table 21b). 
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4.4.2: Population of C. carnea on different genotypes under irrigated and drought 

condition 

Table 22a showed that C. carnea population was significantly (F= 8.5, DF= 4 and P<0.001) 

different among the genotypes in both irrigated and drought conditions but not significant 

between the treatments (irrigated and drought) (F= 2.01, DF= 4 and P>0.05) and their 

interaction (F= 0.63, DF= 4 and P>0.05). In irrigated field, the maximum population 

recorded was 0.30/plant in genotype, FH-1000, which was followed by 0.29, 0.26, 0.24 and 

0.19 per plant on genotypes FH-207, FH-1000, FH-941, FH-187 and FH-941, respectively. 

On other hand, lower population of C. carnea i.e. 0.23, 0.21, 0.18, 0.18 and 0.15/plant was 

recorded in on genotypes FH-207, FH-1000, FH-941, FH-941 and FH-4243, respectively 

under drought conditions (Table 22b). 

4.4.3: Parasitism of H. armigera on different genotypes under irrigated and drought 

condition 

Analysis of variance showed that parasitism was highly significant for genotypes (F= 27.19, 

DF= 4 and P<0.001) and treatments (F= 85.71, DF= 4 and P<0.001) but not for the genotype 

x treatment interaction (F= 1.05, DF= 4 and P>0.05) (Table 23a). In irrigated condition, 

maximum parasitism was recorded in genotype, FH-207, with value of 26.19% which was 

followed by FH-1000, FH-941, FH-187 and FH-4243 with parasitism of 23.46, 20.60, 18.56 

and 15.14%, respectively. On contrary, a lower parasitism of 18.15% was recorded in 

genotype, FH-207, under drought conditions which was the highest under these conditions. 

Under the same conditions, a parasitism of 16.63, 16.39, 12.70 and 9.30% was recorded in 

genotypes, FH-941, FH-1000, FH-187 and FH-4243, respectively. Parasitism was 

significantly reduced to the value of 14.64% on cotton genotypes cultivated under drought 

condition as compared to irrigated condition (20.79%) (Table 23b).  
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Table 20a:  Analysis of variance of H. armigera population on different genotypes 

under irrigated and drought conditions.  

 S.O.V D.F S.S M.S F. Ratio P Value 

Replication 2 0.07 0.02   

Genotypes 4 0.068 0.017 18.75** <0.001 

Treatment 1 0.112 0.112 124.01** <0.001 

Genotypes X 

Treatment 

4 0.004 0.001 1.14ns 0.37 

Error 20 0.018 0.001   

Total 29 0.203    

**= Significant at P <0.01, ns= non-significant 

 

Table 20b:  Comparison of means of H. armigera population on different cotton 

genotypes growing under irrigated and drought conditions. 

Genotypes Genotypes X Treatments Mean  

Irrigated Drought 

FH-941 0.44  0.34  0.39 bc 

FH-187 0.43  0.30  0.36 c 

FH-4243 0.39  0.22  0.31 d 

FH-1000 0.49  0.40  0.45 a 

FH-207 0.47  0.35  0.41ab 

Means 0.45 a 0.32 b  

Means sharing similar letters in the same column are not significantly different by Tukey's HSD test. 
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Table 21a:  Analysis of variance of damage caused by H. armigera on different 

genotypes under irrigated and drought conditions. 

S.O.V D.F. S.S M.S. F. Ratio P value 

Replication 2 44.77 22.39   

Genotypes 4 326.18 81.55 500.28** <0.001 

Treatments 1 40.28 40.28 247.09** <0.001 

Genotypes X 

Treatments 

4 84.88 21.22 130.18** <0.001 

Error 18 02.94 0.16   

Total 29 499.04    

**= Significant at P <0.01, ns= non-significant 

Table 21 b: Percent mean damage caused by H. armigera on different genotypes 

under irrigated and drought condition. 

Genotypes Genotypes X Drought Mean 

Irrigated Drought 

FH-941 13.79 fg 17.04 d 15.42 c 

FH-187 11.44 h 14.50 f 12.97 d 

FH-4243 13.24g 09.59i 11.41 e 

FH-1000 18.73 c 20.92 b  19.83 a 

FH-207 15.72 e 22.45 a 19.08 b 

Mean 14.58 b 16.90a  

Means sharing similar letters in the same column are not significantly different by Tukey's HSD test. 
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Table 22 a:  Analysis of variance of C. carnea population on different genotypes under 

irrigated and drought conditions. 

S.O.V D.F S.S M.S F. Ratio P Value 

Replication 2 0.015 0.007   

Genotypes 4 0.021 0.005 8.05** <0.001 

Treatment 1 0.001 0.001 2.01 ns 0.17  

Genotypes X 

Treatment 

4 0.002 0.0004 0.63ns 0.65  

Error 18 0.012 0.001   

Total 29 0.052    

**= Significant at P <0.01, ns= non-significant 

Table 22 b:  Comparison of means of C. carnea population on different genotypes 

under irrigated and drought conditions. 

Genotypes Genotypes X Treatments Mean 

Irrigated Drought 

FH-941 0.26  0.18  0.19 ab 

FH-187 0.24  0.18  0.19 b 

FH-4243 0.19  0.15  0.15 c 

FH-1000 0.30  0.21  0.22 a 

FH-207 0.29  0.23  0.22 a 

Mean 0.20 a 0.19 a  

Means sharing similar letters in the same column are not significantly different by Tukey's HSD test. 
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Table 23 a:  Analysis of variance of parasitism of H. armigera by H. hebetor on 

different genotypes under irrigated and drought conditions. 

S.O.V D.F S.S M.S F. Ratio P Value 

Replication  2 44.960 22.480   

Genotypes 4 360.373 90.093 27.19** <0.001 

Treatment 1 284.038 284.038 85.71** <0.001 

Genotypes X 

Treatment 

4 13.942 3.486 1.05ns 0.41  

Error 18 59.651 3.314   

Total 29 762.964    

**= Significant at P <0.01, ns= non-significant 

Table 23 b:  Comparison of means of parasitism of H. armigera by H. hebetor on 

different genotypes under irrigated and drought conditions. 

Genotypes Genotypes X Treatments Mean 

Irrigated Drought 

FH-941 16.63  20.60  18.62 b 

FH-187 12.70  18.56  15.63 c 

FH-4243 09.30  15.14  12.22 d 

FH-1000 16.39  23.46 19.92 b 

FH-207 18.15  26.19  22.17 a 

Mean 14.64 a 20.79 b  

Means sharing similar letters in the same column are not significantly different by Tukey's HSD test. 
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4.4.5: Discussion 

Insect behaviour (development and reproductive) vary greatly due to physio-chemical 

changes that occur in water-stressed plants (Mattson and Haack, 1991). The present results 

showed a high number of larva population was recorded on genotypes cultivated under 

irrigated conditions (0.44/plant) as compared to those growing under drought condition 

(0.32/plant). Survival of insect is lower on stressed plants than irrigated plants (Showler and 

Moran, 2003) a scenario that was well shown in our study. High larval mortality of fall 

armyworm has also been reported on dry land soybean than on irrigated soybean (Huffman 

and Mueller, 1983). Similarly, larvae of beet armyworm resulted in reduced growth when 

reared on water-stressed tomato plant (English-Loeb et al., 1997). Percent damage was high 

in drought treated plants than irrigated plants with low population of H. armigera. This result 

confirms the prediction that plants can have more insect damage under drought (Hale et al., 

2005; Paritsis and Veblen, 2011). Accumulation of amino acids can occur in plants that are 

water deficit (Showler, 2012). These can be more attractant to herbivore as insects use 

nitrogen from gut in form of amino acids (Brodbeck and Strong, 1987). Sugarcane varieties 

were more susceptible to Sipha flava (Forbes), if they have high concentration of essential 

amino acids (Akbar et al., 2010). Our results are in similar to study conducted by Mao et al. 

(2004), who concluded that two genotypes of sweet potato had different response for sweet 

potato weevil feeding as well as its oviposition under drought condition. Similarly, 

significant interaction was found between drought and genotypes for herbivores (Grinnan et 

al., 2013a, 2013b). There is a need to identify genotypes that have resistance/tolerance 

against abiotic stress related to climate change (Sinclair, 2011). Identification of genotypes 

that have resistance both for abiotic stress (e.g. drought) and biotic stress (insect) may help 

the breeders to develop new varieties that could be cultivated in future climates (Long and 

Ort, 2010) and to find out mechanism involved for resistance both for abiotic and biotic 

stresses.  

Population of C. carnea was not-significant between drought and irrigated conditions. 

Altered host quality of a single species may not influence behaviour of generalist predator 

(Romo and Tylianakis, 2013). Population of predators like spider can be influenced 

negatively due to water stress. In contrast, predators like anthocorids have shown positive 

association with drought in corn crop (Godfrey et al., 1991). Parasitism of H. armigera was 
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lower in water-stressed plant than irrigated plants. Alternatively, there is evidence that plant 

defensive compounds may alter foraging behaviour of parasitoids (Aslam et al., 2012). 

Aphidius colemani (Viereck) and A. ervi have negative interaction with drought (Johnson et 

al., 2011; Tariq et al., 2013). Similarly mango mealybug parasitism was recorded low in 

drought condition than irrigated condition (Calatayud et al., 2002). Tariq et al. (2013) 

showed that aphid parasitoid is negatively affected by drought. 
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SECTION-V                                                                             

  

4.5: Management of H. armigera through integrated control measures  

4.5.1: Population of H. armigera in different treatments 

The population of H. armigera in different treatments for a farmer’s field near PARS and 

farmer's field at Chack Jumra, Faisalabad are presented in Table 24 and 25, respectively. The 

population of H. armigera was significantly (F= 44.26, DF= 15 and P<0.001) differed in 

different treatments used in this study in pooled data of both locations (Table 26a). All 

treatments reduced larval population of H. armigera over control. Larval population of H. 

armigera was recorded at 0.25, 0.27, 0.30 and 0.32 per plant in T3, T1, T4 and T2, 

respectively. Maximum reduction in larval population of pest was recorded in T3 (C. carnea) 

over T1, T2, and T3, when control methods used singly (Table 26b).  

When C. carnea was combined with other control methods it gave better control against H. 

armigera as compared with individual treatment. Treatment (T14) gave maximum control by 

lowering population of pest (0.09/plant). While, T15, T13, T11, T10 and T8 recorded 

population of pest with values of 0.12, 0.1, 0.12, 0.17 and 0.22 per plant, respectively. 

Habrobracon hebetor reduced population to 0.09/plant in combination with neem seed kernel 

extract and C. carnea which was followed by T13 (0.10/plant), T12 (0.14/plant), T10 

(0.17/plant), T7 (0.22/plant) and T9 (0.19/plant) (Table 26b).  

Application of neem seed kernel extract spray significantly reduced population of H. 

armigera with a value of 0.32/plant over control treatment (0.50/plant). When neem in 

combination of other control methods was used, the population of H. armigera was further 

reduced as compared to single application. Neem seed kernel extract spray was more 

effective when combined with Spinosad application with a value of 0.20/plant as compared 

with the combined application of biological control agents (Table 26b).   

Application of Spinosad also significantly reduced H. armigera population (0.27/plant) 

further than the control. Helicoverpa armigera population was recorded with the values of 

0.19, 0.19 and 0.20/plant in T7, T6 and T5, respectively. This suggests that Spinosad is more 
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effective with combination of biological control agents than combination of neem seed kernel 

extract (Table 26b). 

Overall comparison of treatments showed that T14 (neem seed kernel extract + C. carnea + 

H. hebetor) reduced maximum population of H. armigera with a value of 0.09/plant which 

was followed by T13 i.e. Spinosad + C. carnea + H. hebetor (0.1/plant), T11 i.e. Spinosad + 

neem seed kernel extract + C. carnea (0.12/plant), T15 i.e. Spinosad + neem seed kernel 

extract + C. carnea + H. hebetor (0.12/plant) and T12 i.e. Spinosad + neem seed kernel 

extract+ H. hebetor (0.14/plant). Population of H. armigera was recorded 0.22/ plant in T8 

(neem seed kernel extract and C. carnea) which was statistically at par with T9 (neem seed 

kernel extract and H. hebtor) (Table 26b). 

4.5.2: Yield in different treatments  

Yield of cotton seed were subjected to analysis of variance and means were compared using 

Tukey's HSD test. Analysis of variance showed significant (F= 58.67, DF= 15 and P < 0.001) 

difference among treatments regarding seed cotton yield (Fig. 45). The maximum yield was 

recorded 1639.52 kg/ha (16.0 kg/plot) in T15 [T1 (spray of Spinosad) + T2 (spray of neem 

seed kernel extract) + T3 (release of C. carnea) + T4 (release of H. hebetor)] which was 

followed by T12 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T4 

(releases of H. hebetor)] and T13 [T1 (spray of Spinosad) + T3 (release of C. carnea) + T4 

(release of H. hebeor)] with values of 1475.568 and 1332.11 kg/ha, respectively. Yield was 

recorded 12-12.5 kg/plot (1229.64-1280.875 kg/ha) in plots treated with T7 [T1 (sprays of 

Spinosad) + T4 (releases of H. hebetor)], T14 [T2 (spray of neem seed kernel extract) + T3 

(release of C. carnea) + T4 (release H. hebetor)], T11 [T1 (spray of Spinosad) + T2 (spray of 

neem seed kernel extract) + T3 (releases of C. carnea)] and T1 (spray of Spinosad), which 

was statistically at par with each other.  

4.5.3: Cost Benefit Ratio 

Cost benefit ratio was calculated for all treatments and are presented in Table 27. Maximum 

cost benefit ratio was recorded with value of 1:6.4 and 1:6.2 in T1(spray of Spinosad) and 

T15 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract)], which was followed 

by 1:6.1, 1:5.95 in T15 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + 
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T3 (release of C. carnea) + T4 (release of H. hebetor)] and T12 [T1 (spray of Spinosad) + T2 

(spray of neem seed kernel extract) + T4 (releases of H. hebetor)], respectively. Cost benefit 

ratio with values of 1:5.79, 1:4.97 and 1:4.75 were calculated in T11 [T1 (spray of Spinosad) 

+ T2 (spray of neem seed kernel extract) + T3 (releases of C. carnea)], T13 [T1 (spray of 

Spinosad) + T3 (release of C. carnea) + T4 (release of H. hebeor)] and T14 [T2 (spray of 

neem seed kernel extract) + T3 (release of C. carnea) + T4 (release H. hebetor)], 

respectively. Minimum cost benefit ratio was calculated 1:2.26 in T2 (releases of neem seed 

kernel extract). The results showed that T15 [T1 (spray of Spinosad) + T2 (spray of neem 

seed kernel extract) + T3 (release of C. carnea) + T4 (release of H. hebetor)] is most suitable 

combination of control method for eco-friendly management of H. armigera.    
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Table 24a:  Analysis of variance of H. armigera population at different treatments on 

cotton at a farmer’s field near PARS, University of Agriculture 

Faisalabad. 

S.O.V D.F S.S M.S F. Ratio 

Replication 02 0.65 0.03  

Treatments 15 0.21 0.01 56.47** 

Error 30 0.007 0.0002  

Total 47 0.28   

**= Significant at P <0.01 

 

Table 24b:  Comparisons of means of H. armigera population at different treatments 

on cotton at a farmer’s field near PARS, University of Agriculture 

Faisalabad. 

Treatments H. armigera/plant 

T1 0.36 bcd 

T2 0.41 b 

T3 0.32 cd 

T4 0.38 bc 

T1 X T2 0.31 cd 

T1 X T3 0.22 efg 

T1 X T4 0.21 efg 

T2 X T3 0.27 de 

T2 X T4 0.28 de 

T3 X T4 0.21 ef 

T1 X T2 XT3 0.14 gh 

T1 X T2 X T4 0.16 fgh 

T1 X T3 X T4 0.13 gh 

T2 X T3 X T4 0.11 h 

T1 X T2 X T3 X T4 0.15 fgh 

Control 0.58 a 

Means sharing similar letters are not significantly different by Tukey's HSD test. 
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Table 25a:  Analysis of variance of H. armigera population at different treatments on 

cotton at farmer's field at Chack Jumra, Faisalabad. 

S.O.V D.F S.S M.S F. Ratio 

Replication 02 0.08 0.04  

Treatments 15 0.12 0.008 16.27** 

Error 30 0.01 0.004  

Total 47 0.22   

**= Significant at P <0.01 

 

Table 25b:  Comparisons of means of H. armigera population at different treatments 

on cotton at farmer's field at Chack Jumra, Faisalabad. 

Treatments H. armigera/plant 

T1 0.20 bcd 

T2 0.28 b 

T3 0.18 bcdef 

T4 0.26 bc 

T1 X T2 0.19 bcde 

T1 X T3 0.16 cdefg 

T1 X T4 0.17 bcdefg 

T2 X T3 0.18 bcdefg 

T2 X T4 0.18 bcdef 

T3 X T4 0.15 cdefg 

T1 X T2 XT3 0.10 defg 

T1 X T2 X T4 0.12 defg 

T1 X T3 X T4 0.07 fg 

T2 X T3 X T4 0.07 g 

T1 X T2 X T3 X T4 0.09 efg 

Control 0.42 a 

Means sharing similar letters are not significantly different by Tukey's HSD test. 
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Table 26a:  Analysis of variance of H. armigera population at different treatments on 

cotton (Pooled data of both locations). 

S.O.V D.F S.S M.S F. Ratio 

Replication 02 0.07 0.0366  

Treatments 15 0.16 0.0107 44.26** 

Error 30 0.007 0.0002  

Total 47 0.24   

**= Significant at P <0.01 

Table 26b:  Comparisons of means of H. armigera population at different treatments 

on cotton (Pooled data of both locations). 

Treatments H. armigera/plant 

T1 0.27 bc 

T2 0.32 b 

T3 0.25 cd 

T4 0.30 bc 

T1 X T2 0.20 bcd 

T1 X T3 0.19 def 

T1 X T4 0.19 de 

T2 X T3 0.22 cd 

T2 X T4 0.22 cd 

T3 X T4 0.17 def 

T1 X T2 XT3 0.12 efg 

T1 X T2 X T4 0.14 efg 

T1 X T3 X T4 0.10 fg 

T2 X T3 X T4 0.09 g 

T1 X T2 X T3 X T4 0.12 efg 

Control 0.50 a 

Means sharing similar letters are not significantly different by Tukey's HSD test. 
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Fig. 45: Marketable yield (kg/ha) in different treatments.  
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4.5.4: Calculation of Cost Benefit Ratio (CBR) 

The details of the costs, income and cost-benefit-ratios of each treatment are given below: 

Treatment-1(spray of Spinosad) 

Number of spray = 10 

Dose of Spinosad per hectare = 200 ml 

Cost of one spray of Spinosad per hectare = 800 Rs. 

Cost of ten spray of Spinosad per hectare = 800 × 10 = 8000 Rs. 

Cost of labour for ten sprays = 10 × 700 = 7000 Rs. 

Total expenditure for ten sprays = 8000 + 7000 = 15000 Rs. 

Income 

Yield of seed cotton = 1280.875 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income = 1280.875 × 75 = 96065.63 Rs. 

CBR =  1: 6.4 

Treatment-2 (spray of neem seed kernel extract) 

Number of spray = 10 

Dose of neem seed kernel extract per hectare = 1500 ml 

Cost of one spray of neem seed kernel extract per hectare = 1000 Rs. 

Cost of ten spray of neem seed kernel extract per hectare = 1000 × 10 = 10000 Rs. 

Cost of labour for ten sprays = 10 × 700 = 7000 Rs. 

Total expenditure for ten sprays = 10000 + 7000 = 17000 Rs. 

Income 

Yield of seed cotton = 512.35 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income = 512.35 × 75 = 38426.25 Rs. 
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CBR = 1: 2.26 

Treatment-3 (releases of C. carnea) 

Dose of C. carnea = 150 cards/ha  

Number of releases inform of eggs cards= 10 

Cost of one release per hectare = 1700 Rs. 

Total cost for ten releases per hectare = 1700 × 10 = 17000 

Cost of labour for ten releases = 10 × 500 = 5000 per acre 

Total expenditure per hectare = 17000 + 5000 = 22000 Rs. 

Income 

Yield of seed cotton per hectare = 819.76 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 819.76 × 75 = 61482 Rs. 

CBR = 1: 1.7 

Treatment-4 (releases of H. hebetor)  

Dose of H. hebetor = 100 capsules/ha 

Number of release per hectare = 5 

Total Cost of ten releases per hectare = 100 × 25× 5= 12500 Rs. 

Cost of labour per hectare for five releases = 500 × 5 = 2500 Rs. 

Total expenditure per hectare = 12500 + 2500 = 15000 Rs. 

Income  

Yield of seed cotton per hectare = 614.82 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 614.82 × 75 = 46111.5 Rs. 

CBR = 1: 3 

Treatment-5 [T1 (spray of Spinosad) +T2 (spray of neem seed kernel extract)] 
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Number of application of Spinosad per hectare = 5 

Number of application of neem seed kernel extract per hectare = 5 

Total cost five sprays of Spinosad per hectare (including labour cost) = 7500 Rs. 

Total cost five sprays of neem seed kernel extract per hectare (including labour cost) = 8500 

Rs. 

Total cost for ten sprays per hectare = 7500 + 8500 = 16000 Rs. 

Income 

Yield of seed cotton per hectare = 1332.11 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 1332.11 × 75 = 99908.25 Rs. 

CBR = 1: 6 

Treatment-6 [T1 (spray of Spinosad) + T3 (releases of C. carnea)] 

Number of application of Spinosad per hectare = 5 

Number of releases of C. carnea per hectare = 5 

Total cost for five sprays of Spinosad per hectare (including labour cost) = 7500 Rs. 

Total cost for five releases of C. carnea per hectare (including labour cost) = 11000 Rs. 

Total cost for 5 sprays of Spinosad and 5 releases of C. carnea = 7500 + 11000 = 18500 Rs. 

Income 

Yield of seed cotton = 1178.40 Rs. 

Price of seed cotton yield per kg = 75 Rs. 

Total income = 1178.4 × 75 = 88380.0 Rs. 

CBR =  1: 4.77 

Treatment-7[T1 (sprays of Spinosad) + T4 (releases of H. hebetor)] 

Number of application of Spinosad per hectare = 5 

Number of application of H. hebetor per hectare = 3 

Total cost for five sprays of Spinosad per hectare (including labour cost) = 7500 Rs. 
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Total cost three releases of H. hebetor per hectare (including labour cost)   =   9000 Rs. 

Total cost for 5 sprays of Spinosad and 3 releases of H. hebetor = 7500 + 9000 = 16500 Rs. 

Income 

Yield of seed cotton per hectare = 1229.64 Rs. 

Price of seed cotton yield per kg = 75 Rs. 

Total income per hectare = 92223 Rs. 

CBR =  1: 5.6 

Treatment-8 [T2 (spray of neem seed kernel extract) + T3 (releases of C. carnea)] 

Number of application of neem seed kernel extract per hectare = 5 

Number of releases of C. carnea per hectare = 5 

Total cost five sprays of neem seed kernel extract per hectare (including labour cost) = 8500 

Rs. 

Total cost five releases of C. carnea per hectare (including labour cost) = 11000 Rs. 

Total cost per hectare = 8500 + 11000 = 19500 Rs. 

Income 

Yield of seed cotton per hectare = 1024.7 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 1024.7 × 75 = 76852.5 Rs. 

CBR =  1: 3.9 

Treatment-9 [T2 (spray of neem seed kernel extract) + T4 (releases of H. hebtor)] 

Number of application of neem seed kernel extract per hectare = 5 

Number of application of H. hebetor per hectare = 3 

Total cost for five sprays of neem seed kernel extract per hectare (including labour cost) = 

8500 Rs. 

Total cost for three releases of H. hebetor per hectare (including labour cost) =   9000 Rs. 

Total cost per hectare = 8500 + 9000 = 17500 Rs. 
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Income 

Yield of seed cotton per hectare = 1075.94 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 1075.94 × 75 = 80695.12 Rs. 

CBR =  1: 4.6 

Treatment-10 [T3 (releases of C. carnea) + T4 (releases of H. hebetor)  

Number of application of C. carnea per hectare = 5 

Number of application of H. hebetor per hectare = 3 

Total cost for five releases of C. carnea per hectare (including labour cost) = 11000 Rs. 

Total cost for three releases of H. hebetor per hectare (including labour cost) =   9000 Rs. 

Total cost per hectare = 11000 + 9000 = 20,000 Rs. 

Income 

Yield of seed cotton per hectare = 768.525 Rs. 

Price of seed cotton yield = 75.00 Rs. 

Total income= 768.525 × 75 = 57639.38 Rs. 

CBR = 1: 2.88 

Treatment-11 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T3 

(releases of C. carnea)]  

Number of sprays of Spinosad per hectare = 3 

Number of sprays of neem seed kernel extract per hectare = 3 

Number of releases of C. carnea per hectare = 3 

Total cost three sprays of Spinosad per hectare (including labour cost)   = 4500 Rs. 

Total cost three sprays of neem seed kernel extract per hectare (including labour cost) = 5100 

Rs. 

Total cost three releases of C. carnea per hectare (including labour cost) = 6600 Rs. 
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Total cost per hectare = 4500 + 5100 + 6600 = 16200 Rs. 

Income 

Yield of seed cotton per hectare = 1250.134 kg 

Price of seed cotton per Kg = 75 Rs. 

Total income per hectare = 1250.134 × 75 = 93760.05 Rs. 

CBR =  1: 5.78 

Treatment-12 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T4 

(releases of H. hebetor)] 

Number of spray of Spinosad per hectare = 3 

Number of spray of neem seed kernel extract per hectare = 3 

Number of releases of H. hebetor per hectare = 3 

Total cost three sprays of Spinosad per hectare (including labour cost) = 4500 Rs. 

Total cost three sprays of neem seed kernel extract per hectare (including labour cost) = 5100 

Rs. 

Total cost three releases of H. hebetor per hectare (including labour cost) = 9000 Rs. 

Total cost per hectare = 4500 + 5100 + 9000 = 18600 Rs. 

Income 

Yield of seed cotton per hectare = 1475.568 kg 

Price of seed cotton yield per kg = 75 Rs. 

Total income per hectare = 1475.568 × 75 = 110667.6 Rs. 

CBR =  1: 5.94  

Treatment-13 [T1 (spray of Spinosad) + T3 (release of C. carnea) + T4 (release of H. 

hebetor)]  

Number of spray of Spinosad per hectare = 3 

Number of releases of C. carnea per hectare = 3 

Number of releases of H. hebetor per hectare = 3 

Total cost three sprays of Spinosad per hectare (including labour cost) = 4500 Rs. 
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Total cost three releases of C. carnea per hectare (including labour cost) = 6600 Rs. 

Total cost three releases of H. hebetor per hectare (including labour cost) = 9000 Rs. 

Total cost per hectare = 4500 + 6600 + 9000 = 20100 Rs. 

Income 

Yield of seed cotton per hectare = 1332.11 kg 

Price of seed cotton yield per kg = 75 Rs. 

Total income per hectare = 1332.11 × 75 = 99908.25 Rs. 

CBR =  1: 4.97  

Treatment-14 [T2 (spray of neem seed kernel extract) + T3 (release of C. carnea) + T4 

(release H. hebetor)]  

Number of spray of neem seed kernel extract per hectare = 4 

Number of releases of C. carnea per hectare = 3 

Number of releases of H. hebetor per hectare = 2 

Total cost three sprays of neem seed kernel extract per hectare (including labour cost) = 6800 

Rs. 

Total cost three releases of C. carnea per hectare (including labour cost) = 6600 Rs. 

Total cost two releases of H. hebetor per hectare (including labour cost) = 6000 Rs. 

Total cost per hectare = 6800 + 6600 + 6000 = 19400 Rs. 

Income 

Yield of seed cotton per hectare = 1229.64 kg 

Price of seed cotton yield per kg = 75 Rs. 

Total income per hectare = 1229.64 × 75 = 92223 Rs. 

CBR =  1: 4.75 

Treatment-15 [T1 (spray of Spinosad) + T2 (spray of neem seed kernel extract) + T3 

(release of C. carnea) + T4 (release of H. hebetor)]  

Number of spray of Spinosad per hectare = 3 

Number of spray of neem seed kernel extract per hectare = 3 



 

132 

 

Number of releases of C. carnea per hectare = 2 

Number of releases of H. hebetor per hectare = 2 

Total cost for three sprays of Spinosad per hectare (including labour cost) = 4500 Rs. 

Total cost for three sprays of neem seed kernel extract per hectare (including labour cost) = 

5100 Rs. 

Total cost for two releases of C. carnea per hectare (including labour cost) = 4400 Rs. 

Total cost for two releases of H. hebetor per hectare (including labour cost) = 6000 Rs. 

Total cost per hectare = 4500 + 5100 + 4400 + 6000 = 20000 Rs. 

Income 

Yield of seed cotton per hectare = 1639.52 kg 

Price of seed cotton yield per kg = 75 Rs. 

Total income per hectare = 1639.52 × 75 = 122964 Rs. 

CBR = 1: 6.14  
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Table 27: Cost-benefit ratio of different treatment against H. armigera on cotton. 

Sr. number Treatment CBR 

1 
T1 Spinosad (S) 

1:6.40 

2 

T2 

Neem seed kernel extract 

(N) 

1:2.26 

3 
T3 C. carnea (C) 

1:2.79 

4 
T4 H. hebetor(H) 

1:3.07 

5 
T1 X T2 S*N 

1:6.24 

6 
T1 X T3 S*C 

1:4.77 

7 
T1 X T4 S*H 

1:5.59 

8 
T2 X T3 N*C 

1:3.94 

9 
T2 X T4 N*H 

1:4.61 

10 
T3 X T4 C*H 

1:2.88 

11 
T1 X T2 XT3 S*N*C 

1:5.79 

12 
T1 X T2 X T4 S*N*H 

1:5.95 

13 
T1 X T3 X T4 S*C*H 

1:4.97 

14 
T2 X T3 X T4 N*C*H 

1:4.75 

15 
T1 X T2 X T3 X T4 S*N*C*H 

1:6.15 
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4.5.5: Discussion 

Treatment with Spinosad and H. hebetor showed comparatively less larval population per 

plant (0.19 larvae/plant) than treatment with Spinosad + neem seed kernel extract (0.20 

larvae/plant) but statistically at par with Spinosad + C. carnea (0.19 larvae/plant). Our results 

can be compared with findings of Ahmad and Ahmad (2006), and Khan et al. (2009) who 

concluded that Spinosad is harmless to B. hebetor. Similarly, Elzen et al. (2000) who 

concluded that Spinosad is safe for parasitoid, Catolaccus grandis (Burks) therefore can be 

combined with parasitoids to control the insect pests. In contrast, parasitoids had negatively 

affected by Spinosad (Nowack et al., 2001; Williams et al., 2003). Parasitoids can recover 

within 1-2 weeks after application of Spinosad (Scholz et al., 2002). To ensure better results 

with this combination, there is a need to consider the persistence of Spinosad in relation to 

application and releases of the parasitoids (Miles and Dutton, 2000).  

The maximum larval population per plant after the control plot was recorded on the 

treatments with neem seed kernel extract alone and with combination of C. carnea and H. 

hebetor separately, suggesting that neem seed kernel extract is least effective in controlling 

the pest population, alone, and in combination with C. carnea and H. hebetor. It can be 

compared with the findings that Neemosal failed to suppress pests of cotton possibly due to 

lack of its contact action (Isman, 2004). In contrast, botanical insecticides can effectively 

control the lepidopteron larvae (Koul et al., 2004). High mortality of C. carnea larvae have 

been reported when placed on NeemAzal-T/S contaminated glass plates in laboratory 

experiments (Hermann et al., 1995), explaining the possible cause of failure of Neemosal and 

C. carnea in combination.  

The treatment plot with neem seed kernel extract + C. carnea + H. hebetor had the lowest 

larval population among all treatments, but is not statistically different with bio-intensive 

IPM modules consisting of Spinosad + C. carnea + H. hebetor. Maximum larval 

population/plant was found in the control plot. These results suggested that neem seed kernel 

extract + C. carnea + H. hebetor, is most effective treatments to control bollworm. Our 

results can be compared with the findings of Praveen (2000), who reported that application of 

bio-intensive IPM module is very effective to control the H. armigera. Ravi et al. (2008) 
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reported that HaNPV, Btk, azadirachtin and Spinosad were safe to natural enemies as in case 

of predatory mirids and spiders, agreeing with our results. 

The effect of treatments on the yield and their CBR is presented in Table 27. Minimum yield 

of 512.35 kg/ha and CBR value (1:2.26) was recorded in neem treated plot as compared with 

other treatment modules. Dysaphis plantaginea (Passerini) caused the greater yield loss in 

the neem treated plot (Vogt et al., 1997). In contrast, increase in yield has been recorded 

when neem is applied to control pest (Deka and Singh, 2001; Tanzubil et al., 2008). The 

module consisting of Spinosad + neem seed kernel extract + C. carnea + H. hebetor resulted 

in maximum yield of 1639.52 kg/ha. Increase in yield was recorded with the treatment of 

HaNPV, Btk, Azadirachtin and Spinosad to suppress the population of H. armigera (Ravi et 

al., 2008). High cost benefit ratio was observed in IPM modules (Gundannavar, 2001; 

Kabore et al., 2002; Karabhantanal et al., 2005; Patel et al., 2009). 
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SECTION-VI                                                                              CHAPTER -5 

SUMMARY 

The seasonal abundance of H. armigera and its associated natural enemies, i.e. Chrysoperla 

carnea (Stephens) and Hebrobracon hebetor (Say) was observed in different districts (i.e. 

Faisalabad, Multan and R.Y. Khan) of Punjab, Pakistan. Adults and larval population was 

5.26/trap and 0.68/plant, respectively, which was highest in R.Y. khan during August and 

was trailed in Multan (4.63/trap and 0.58/plant, respectively) in August. Population of adults, 

irrespective to locations, was reported 2.74, 4.10, 3.82 and 0.87/trap during months of July, 

August, September and October, respectively. While, larvae were abundant in the month of 

August (0.52/plant) and trailed by September (0.41/plant) and July (0.30/plant). Maximum 

abundance of adults were recorded in R.Y. khan with value of 3.48/trap and trailed by 3.04 

and 2.13/trap in Multan and Faisalabad. The cotton plants sown in R.Y. khan and Multan 

were observed as most susceptible to the attack of H. armigera as maximum population (0.44 

larvae/plant, 0.38 larvae/plant, respectively) was calculated there. It can be concluded that 

control of H. armigera in warm areas should be controlled with the release of biocontrol 

agents that can tolerate higher temperatures. 

Maximum population (0.72/plant) of C. carnea was recorded in Faisalabad which was trailed 

by Multan (0.55/plant) and R.Y. khan (0.38/plant). Irrespective to locations, September was 

most favourable month for C. carnea in which its population (0.90/plant) was higher than 

other months. Population of C. carnea was 0.71, 0.38 and 0.21/plant during the months of 

October, August and July, respectively. Maximum parasitism by H. hebetor was calculated 

during September (13.87%) and was trailed by 09.83% recorded during October. In August 

and October, parasitism was 09.08 and 01.86%, respectively. Faisalabad was favourable for 

H. hebetor to parasitized H. armigera in which parasitism was 13.39%. Parasitism was non-

significant between Multan (6.36%) and R.Y. Khan (6.23%). Use of C. carnea and H. 

hebetor should also be used with biopesticides to control H. armigera especially in warmer 

months. 

Adults and larvae of H. armigera were positively correlated with both temperature and 

relative humidity. Correlation coefficients of temperature and relative humidity were 

calculated 0.58 and 0.68, respectively for adults. While, correlation coefficient was 0.52 for 
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average temperature and larvae of H. armigera. The value of correlation coefficient for 

relative humidity and H. armigera larvae was 0.73. Regression model was best fitted with 

combine impact of temperature and relative humidity for both larvae and adults. R2 value of 

best fit model was 0.863 and 0.865 for adults and larvae, respectively. For C. carnea, only 

temperature influenced significantly its population when data were pooled of all locations for 

both years whereas relative humidity could not established link with C. carnea population. 

Correlation coefficient was -0.554 for temperature and C. carnea. While, R2 value increased 

slightly from 0.30 to 0.39 with adding up relative humidity. Parasitism of H. armigera by H. 

hebetor was negatively affected by temperature whereas positive relationship was found with 

relative humidity. Correlation coefficient value was -0.57 and 0.71 for temperature and 

relative humidity, respectively. Best fitted model with value of 0.78 was obtained when both 

temperature and relative humidity was combined. It can be concluded that environmental 

conditions must be consider for the release of these bio-control agents to control H. 

armigera.                    

Developmental period was decreased with increase in temperature for H. armigera, C. 

carnea and H. hebetor. The best temperature for mass rearing was 25oC for H. armigera and 

C. carnea under consideration of its developmental period and low mortality at this 

temperature. The developmental period was low at 30oC for H. hebetor. Maximum fecundity 

(973.15 eggs/female) and oviposition period (14.76 days) was calculated for H. armigera at 

25oC. Highest fecundity was 190.59 and 158.36 eggs/female for C. carnea and H. hebetor, 

respectively, at 25oC. Similarly, oviposition period was highest at 25oC for C. carnea (27.53 

days) and H. hebetor (25.98 days). Lower developmental threshold for developmental period 

was also calculated for H. armigera (11oC), C. carnea (7.17oC) and H. hebetor (11.71oC). 

Degree days for developmental period of H. armigera, C. carnea and H. hebetor were 250, 

166.67 and 71.43, respectively. Maximum parasitism by H. hebetor was observed at 25oC. It 

can be concluded that C. carnea and H. hebetor may restrict spreading of H. armigera in 

scenario of future climate based on the calculation of their degree days.   

Maximum larvae of H. armigera were calculated 0.49 and 0.40/plant on FH-1000 under 

irrigated and drought conditions. While, minimum population of 0.39 and 0.22/plant was 

recorded on FH-4243 under normal and stressed conditions. FH-4243 was evaluated as 

resistant genotypes on the basis of less percent damage by H. armigera for both irrigated and 
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drought conditions with value of 13.24 and 09.59%, respectively. Drought significantly 

increased damage caused by H. armigera. Drought did not affect population of C. carnea. 

Parasitism of H. armigera by H. hebetor was negatively affected under drought conditions. 

Minimum parasitism was 15.14 and 09.30% on FH-4243. It was concluded that the genotype, 

FH-4243, was resistant for H. armigera under both irrigated and drought condition. 

Furthermore, it can be used for breeding purpose to combat the future climate warming.   

Treatment with combination of neem seed kernel extract + C. carnea + H. hebetor provided 

maximum control of H. armigera as population with value of 0.09/plant was observed in this 

treatment. Spinosad + C. carnea + H. hebetor was statistically at par with neem seed kernel 

extract + C. carnea + H. hebetor. Maximum population of 0.32/plant was found in treatment 

block in which neem seed kernel extract was applied. T14, Spinosad + neem seed kernel 

extract + C. carnea + H. hebetor, gave highest yield of 1639.52 kg/ha. While, minimum yield 

of 512.35 kg/ha was recorded in neem seed kernel extract treated plot. T15 (Spinosad + neem 

seed kernel extract + C. carnea + H. hebetor) was eco-friendly IPM module with cost benefit 

ration of 1:6.  
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