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                                             ABSTRACT 
Twenty diverse genotypes of sunflower helianthus annus L. were exposed to naturally occurring 
population of H. armigera under preliminary screening trials. Nine out of twenty comprising 
three each resistant, moderately resistant and susceptible were selected on the basis of egg count 
and larval infestation. The layout of the experiment was a RCBD with four replications. These 
selected genotypes were further sown for further experiments. Data for various physico- morphic 
plant characters was taken at different stages of the growth of the crop. The nine genotypes were 
subject to laboratory analysis to find out the chemical plant characters as part of host plant 
resistance. Various physico- morphic and plant chemical characters and their correlation with 
eggs and larval population of the pest was studied. Data regarding temperature, rainfall and 
humidity was taken during the growing period of the crop. Correlation of weather factors with 
population build up of H. armigera was also studied. Data regarding egg and larval population, 
physic- morphic, chemical plant factors and weather factors was subject to multiple regressions 
to find out the basis of host plant resistance. One comparatively resistant and relatively 
susceptible genotypes (G53) and (ORB-100) were subject to experimentation for evaluation to 
different pest management techniques and data were taken before and after the application of 
treatments on these genotypes.Yield data on the basis of heads of genotypes was taken to know 
the impact of these treatments on resistant and susceptible genotypes. Genotype (G53) showing 
potential on all other genotypes, when different set of treatments were applied as part of 
sustainable pest management methods. Cost benefit ratio of each treatment was compared 
There was significant difference among the treatments C:B ratio.Our investigation showed  
potential for developing H. armigera resistant genotypes that would reduce seed feeding injury, 
prevent yield loss and increase growers profit. 
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CHAPTER 1                                     
                        INTRODUCTION 

 
 Agriculture is playing sustainable role in lives of millions of farming and non 

farming communities around the globe. Agriculture is one of the most important 

sectors in economies of the developing countries.Technologies of “Green Revolution” 

have increased the global per capita food supply reducing hunger, improving food 

quantity and quality (FAO, 2001). Pakistan economy is basically agriculture oriented 

and country economic development mainly dependent on growth of agriculture. 

Agriculture has played and will continue to play a vital role in Pakistan economy. 

  Sunflower (Helianthus annus L.) belongs to the family Asteraceae and is 

amongst the major oil seed crop grown for edible oil in the world. Sunflower oil is 

ranking fourth after palm, soy and rapeseed oil with a worldwide production of about 

34.6 million tons (mt) of seed in 2010 (FAO-STAT, 2011). Farmers in Pakistan like 

other developing countries are in search of low input demand, short duration, and 

drought tolerance accompanying by high net income return crops.  This crop is 

becoming popular among the farmers because of short duration, drought tolerance and 

high-income return (Khan et al., 2000).Pakistan is deficit in edible oil production and 

import bill of edible oil during current fiscal year is reaching up to $ 2 billion dollars 

(Anonymous, 2010), second largest after petroleum products and demand for edible 

oil is increasing at the rate of 11% per annum (Beg, 1983).Government emphasizing 

on increasing its production through incentives like provision of seed of high yielding 

varieties along with enhancement of procurement price. Sunflower has the potential to 

narrow the gap between the production and consumption of edible oil for ever 

increasing population of the country. 

   It is among few crop species that originated in South Western America and 

was initially cultivated as important oil rich crop in Russia early in the nineteenth 

century (Heiser, 1954; Hurd et al., 1980; McGregor, 1976).  It was domesticated and 

cultivated by the natives of North America during prehistoric time (Harlan, 1992). It 

is strongly supported that sunflower domestication arose in the central and eastern 

part of the present territory of USA, around 4000 years ago (Cronn et al., 1997; 

Heiser,1976).The cultivated sunflower, taxonomically named H. annus var. 

macrocarpus L. (Heiser, 1978) was introduced in Europe in the late 16th century by a 
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Spanish expedition in 1510(Putt, 1978). By the eighteenth century it was used for 

consumption during Lent in central Europe as it was not on the list of the Orthodox 

Church as forbidden oil species. After initial breeding selection followed by 

successful genetic improvement at the FSU experimental stations of Krasnodar, 

Saratov and Rostov in the early 20th century, where the first varieties were developed 

(Vranceanu, 1977) and Russia readily adopted its cultivation. Selection of high oil 

content cultivars was started in Russia in 1860s’ increasing its oil content range from 

28% to almost 50%. 

 Leading sunflower growing countries are Russia, U.S.A., China, Argentina, 

France, Canada, Bulgaria, Rumania, Hungary and Turkey with 83% of the world 

sunflower seed production (USDA, 2007). It is cultivated on about 256121hac.in 

Pakistan with annual production of 325478 tons of seeds (Anonymous, 2010). It was 

introduced in Pakistan in early 1960’s., Multan, Bahawalpur, Lodhran, Vehari, 

Narowal, Sialkot, D.G.Khan, Layyah, Thatha, Mirpur Khas, Nawab Shah, Umer Kot, 

Peshawar, Mardan, D. I. Khan., Nasirabad, Jaffarabad and Sibbi are main areas of 

sunflower production (GOP, 2008). 

  There are many uses of cultivated sunflower as it is grown for extraction of 

oil and confectionary purposes. Its oil is considered as premium quality because of 

light colour, high level of unsaturated fatty acids, and lack of blend flavour, high 

smoke protein. Sunflower with high oleic acid content was developed commercially 

in 1985 with properties like higher oxidated stability than conventional oil, used in 

enhancement of shelf life of snakes and ingredient of infant formulas requiring 

stability. Sunflower seeds are popular as snacks after roasting in oven and can be 

processed as “sun butter” alternative to peanut butter. It is also sold as food for birds 

can be used in salads. Its oil is palatable contains soluble vitamins, A, D, E, K and 

supplies more vitamin E than any other vegetable oil, seed meal of sunflower is rich 

source of food for fattening animals and poultry birds (Cobia and Zimmer, 1975; 

McGill, 1979). 

  Sunflower oil is used in paints, varnishes, plastics, soaps and detergents. Its 

oil is used in agrochemicals as pesticides carrier, surfactants, adhesives, lubricants and 

coatings. Sunflower is used as silage crop because of higher percentage of crude 

protein than corn. Sunflower (Helianthus annus L.) has witnessed considerable 

growth in terms of area and production during the recent years. There is need of the 

day that its area, production and protection should be enhanced (Aslam et al., 2000). 
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In Pakistan its average yield is lower as compared to advanced sunflower growing 

countries due to poor crop production and protection management. 

 Numbers of abiotic and biotic factors are involved in lowering yield like 

hailstorm, windstorm, birds, diseases and insect pests attack (Khan et al., 2000). A 

diverse array of both beneficial and harmful insect species is associated with 

sunflower. This crop is reservoir of large number of predators, parasitoids and 

pollinators. As many as 251 insect and acarine species are known to attack sunflower 

crop globally (Rajmohan et al., 1976). Sunflower is an introduced crop in Pakistan 

and pest complex is different from temperate region. Lepidopteran and coleopterous 

pests, sunflower beetle, stem weevil and head moth attack the crop in the temperate 

regions.Sunflower being native to the New World, having a long history of 

association with herbivorous insects indigenous to North America (Charlet et al., 

1987; Charlet and Brewer, 1990). 

 This crop is attacked by a large number of insect pests depending on the 

season and adjacent crop. Major insect pests are Bemisia tabaci Gennand (Whitefly), 

Amrasca spp. (Leaf hopper) and Helicoverpa armigra Hub. (cotton bollworm) (Sattar 

et al.,1984). Piracha (1989) found Bemiisia tabaci Gennadius, Amrasca devastans 

Dist., Aphis gossypii Glover and semilooper (unidentified) attacking sunflower crop. 

Rafiullah et al., (1998) conducted experiment for screening of sunflower genotypes 

against different insect pests among the hybrids studied, Peshawar-28 and parental 

line RHA 274 showed resistance to whitefly. Makhdomi (1984) reported 43 insect 

species attacking sunflower crop in Pakistan and H. armigera was to be considered 

the most serious pest in India (Arya et al., 1995). 

 It is a highly polyphagous pest of many economically significant crops in          

portions of Africa, Asia, Australia (including Oceania), and Europe (King ,1994).It 

has been reported as major pest of cotton, sorghum, maize, sunflower,groundnuts, 

tomato, green pepper and other horticultural crops(Ingram et al., 1973; Roome,1975a; 

Jallow et al.,2005;Munthali et al., 2004).Because of potential pest of many crops, it 

has many common names: scarce bordered straw worm, corn earworm, African cotton 

bollworm, American bollworm, and tomato worm, sunflower head worm (Zhang, 

1994; Begemann and Schoeman, 1999).                   

 The cotton bollworm, H. armigera is a major threat to intensive agriculture 

(Sigsgaard et al., 2002). It’s wide spread distribution and pest status has been 

attributed to its polyphagy, and its ability to undergo both facultative diapauses and 
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seasonal migration (Fitt, 1989). H. armigera is migratory on all continents and is a 

key pest (Feng et al., 2005).  

 Host plants by H. armigera have been recorded for India (60 cultivated and 67 

wild plants), (Karim, 2000), Africa (Pearson, 1958), Australia (Zaluki et al., 1986) 

and New Zealand (Thanee, 1987). In India H. armigera causing 120 kgs of seed loss 

(Panchabhavi and Krishnamurthy, 1978) in sunflower and resulting in yield losses up 

to 50% (Lewin et al., 1973 and Rangarajan et al., 1975). Despite the rising trend of 

annual investment of US $ 35000, for the application of three million tons of 

pesticides, further use of various biological and nonchemical control measures 

globally, crop losses remain a major concern (Pimentel, 2007, 2009). 

 The larvae have a preference for feeding on reproductive parts and growing 

points of host plants (Zalucki et al., 1986; Fitt, 1989). H. armigera directly inflicts 

damage to sunflower by depriving the plant of ovaries and developing seeds (Bhat 

and Virupakshappa, 1993).Even one H. armigera larva per capitulum could cause 

economic damage (Margal, 1990). In Karnataka, heavy infestation of H. armigera 

(83.6%) was observed with as many as six larvae per head (Thontadarya and 

Jayaramaiah, 1973) and damages the leaves, buds, petals and small green leaf like 

bracts surrounding the head or feed on the top of the developing seed on the face of 

the head. Larvae feeding on the back of the head can predispose the crop to the 

secondary fungal head rots. This pest is a major constraint in profitable production of 

cash crops since decades across the globe. Cotton yields were reduced by 50-60% by 

H. armigera each year from 1980-1990 in China (Xia, 1994). 

 Various control methods has been used to control insect pest of different crops, 

e.g. physical, mechanical, cultural, chemical and biological control (Talker and Shelton, 

1993). Farmers heavily relied on chemical to control on insect and mite pest (Matthews, 

1994) and they have to spend billions of dollars for the purchase of these pesticides to 

control these pests. At present the control of sunflower head worm; H. armigera is 

primarily dependent on the use of synthetic insecticides. However chemical control has 

led to disruption of beneficial insect fauna leading to pest resurgence and environmental 

contamination (White et al., 2005). Besides that, insect resistance to traditional pesticides 

is on the rise (Karanthi, 2002) and there are public fears about chemical residues in food 

and agricultural commodities.  Chemical control have provided temporary relief from pest 

outbreaks on one hand but their continues and injudicious use resulted in abnormalities of 

ecosystem like; soil and environmental pollution, deterioration of water quality, 
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persistence of pesticides in food chain and presence of residues in harvested produce. 

Biodiversity is also under continuous threat and declining by indiscriminate use of 

pesticides like extinction of predators, parasites and pollinators. 

  In Pakistan H. amigera has developed strong resistance to most classes of 

insecticides (Ahmad et al., 1997). More than 75% of the insecticides used in the cotton 

fields are being directed towards H. armigera (Bannerjee et al., 2000). Evolution of 

resistance not only threatens the ongoing control tactics but also biotechnology based 

IPM programmes like use of transgenic crops. Insecticidal genetically engineered maize 

and cotton varieties expressing Cry proteins are grown on 50 million ha globally (James, 

2009) and forming an important component of integrated pest management (IPM) 

systems (Romeis et al., 1999).BT crops provide a safe and effective method for 

controlling lepidopteran pests attacking different crops throughout the world. Introduction 

of transgenic cultivars has added a new dimension to pest management. There are 

different claims about potential of gene technology in shaping the crop protection 

scenario in coming decade (Dhaliwal, 2008; James, 2009). 

  Use of predators and parasites is ecofriendly and is also important in conservation 

of beneficial insect pollinators like honeybees and bumble bees which accounts for 70% 

pollination of sunflower crop. Almost 77 parasitoids and 33 predators have been recorded 

on H. armigera on different crops (Manjunath, 1995). In sunflower there is plenty of 

nectar available for predators such as Chrysoperla carnea (Stephen). In recent past 

chrysopids have gained the attention of scientific community because of its effectiveness 

in controlling economically important pest of Lepidoptera and homoptera orders in 

Pakistan and elsewhere. Chrysopids being resistant to different classes of insecticides 

(Pree et al. 1990) devour eggs and neonate of lepidopterous pests, mites and other soft 

bodied insects.                               

 Keeping in view, the economic importance of sunflower crop and H. armigera 

this Project is planned to work out the most economical and effective model under the 

following objectives. 
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OBEJECTIVES   

 To screen out available genotypes of sunflower based on the population of 

eggs and larvae and select resistant/susceptible genotypes against H. 

armigera. 

 To determine the role of   various phenotypic and biochemical plant factors 

in selected genotypes of sunflower towards resistance/susceptibility against 

the pest by processing the data into simple correlation and multiple linear 

regression analysis. 

 To find out the role of weather factors in infestation fluctuation of H. 

armigera. 

 To integrate various sustainable management techniques in suppressing 

population/ infestation of H. armigra on the most resistant cultivar. 

 To calculate cost benefit ratio of the most effective control method for the 

recommendation to the farmers. 
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CHAPTER 2 
 
      

REVIEW OF LITERATURE 
 

2.1. Need for Sustainable pest Management 

 Present agriculture is passing through the age of “gene revolution”. Although 

period of green revolution has kept pace with increasing population by stretching the 

production scale. Components of green revolution era like, fertilizers, high yielding 

varieties, increased cropping intensity, indiscriminate use of entomotoxic chemicals 

over decades, depleting biodiversity and ecosystem. Sustainable Agriculture is the 

need of the hour because indiscriminate and unselective use of pesticides has created 

multifaceted and long lasting determinate effects on ecosystem, human and animal 

health, posing serious threats to our coming generations.  

 Indiscriminate use of pesticides developed insect resistance on one hand but 

secondary pest outbreaks and environmental pollution on the other hand 

(Jamornmarn, 2000).The increased use of pesticides for control of crop pests has 

caused health hazards to the consumers particularly in case of fruits and vegetables 

due to their long persisting residues, inherent toxicity and bio magnificance of 

pesticides residues in human body over a period of time ( Awasthi,2001).With 

growing volume of export of fruits and vegetables in the global  market, there is need 

of regulations regarding pesticides residues in these commodities (Awasthi, 2001). 

Integrated pest management and biotechnology that identifies durable resistance 

through multiple gene resources should play increasingly important role (Ortiz, 1998).   

 Sustainable pest management approaches are gaining popularity among 

farming communities. (Friesbei and Smith, 1991) proposed a bio intensive pest 

management which would rely on host plant resistance, biological control and cultural 

control practices. Pest management options available to farmers were chemical 

insecticides in the 90’s. There are many concerns about pesticides usage. Pest 

management strategies have saved 500 million of dollars due to reduction in 

pesticides use and better management practices (Rajotte et al., 1987). 

 Integrated pest management developed due to ecological concerns created as a 

result of unilateral use of pesticides (Olsen et al. 2005). Resistance is on the rise 
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among the pest populations due to continuous use of chemical pesticides resulting in 

treatment failures and subsequent yield losses (Kay, 1977). Rate of resistance 

development by pest population is due to unnecessary and sub lethal chemical 

application.  

2.2. Sunflower cultivation 

 Sunflower originated in North America with 50 plant species in genus 

Helianthus (Rogers et al., 1982). Generally the species are wide spread and common 

components of the natural vegetation, showing habitats ranging from disturbed areas 

to tall grass prairies (http://plants.usda.gov). A few species adapted to agricultural 

systems and some time considered as noxious weeds (Whitson et al., 2004). Native 

American peoples cultivated sunflower as food. Modern large scale cultivation of 

sunflower started in early 20th century (Charlet, 1987). A number of sunflower insect 

pest exists, many of which can reduce yield dramatically (Charlet, 1999). In Pakistan, 

the sunflower, Helianthus annuus L., commonly known as “surajmukhi” plant usually 

grow 1-3 m tall; however cultivars as tall as 5 m have been reported. The number of 

branches varies from 1to12 and the present commercial cultivars are single-stemmed 

and single-headed. The alternate leaves are usually large, hairy, and ovate, attached 

with long petioles. However, the number of leaves varies from 20 to 40, depending on 

cultivar and growing conditions. 

2.3. Biology of H. armigera 

  Biology of H .armigera has been studied by many workers.Arya et al., (1995) 

found 21 insect pests belonging to eight orders and 13 families infesting sunflower in 

Haryana, India. Among 21 insect pests, H. armigera is the major pest of sunflower. 

 Pest status has been attributed towards high fecundity of spp. More than 3000 eggs 

have been recorded for single female of H .armigera (Shanower et al., 1997) normally 

ranging from 1000 to 1500 eggs. The oviposition preference found to be differing 

with crop species (Rajapakse and Walter, 2007). On sunflower, cereals and legumes 

egg laying occur at early flowering and fell rapidly with the ripening of crop (Roome, 

1975; Van Den Berg and cock, 1993 and Van Den Berg et al., 1997).  

 Female preference and larval performance were strongly correlated, indicating 

that female preferred plants and lines on which larvae performed better (Mphosi and 

Foster, 2010).The number of larval instars varies from 5 to 7, most commonly six. 

Larvae pupate in the soil. Pupal period varies from 6 days at 35Ċ to over 30 days at 

15Ċ. In laboratory experiment life period ranges from 1 to 23 days for males and 5 to 
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28 days for females, H. armigera exhibit facultative diapauses to withstand adverse 

environmental conditions. 

      In Pakistan polyphagus larvae have been recorded infesting cotton, pulses, 

sunflower, pea, wheat, tomato, lucern, tobaaco, potato and other crops (Ahmad et al., 

1992).  H.armigera on sunflower was reported by (Makhdomi et al., 1984 and Hassan 

et al.,) 1990 in Pakistan. Highest number of H. armigera was recorded during first 

week of May at NARC (Kakakhel et al., 2000) .The mean viability of field collected 

eggs was 75% and 89% during 2003 and 2004, respectively (pooled mean egg 

viability of 82%). It was 51.34-66.55 (mean59.72) % in the case of eggs deposited in 

the field by the laboratory-reared females. Eggs were parasitized by Trichogramma 

chilonis Ishii during September-October and mean parasitization was 25 and only 1-

2% during 2003 and 2004, respectively.There was a positive correlation of % egg loss 

with wind velocity and rainfall as evident for multiple correlation coefficient values, 

i.e. 0.92 and 0.60 for 2003 and 2004, respectively. Important factors responsible for 

egg mortality/loss were identified as T.chilonis, inviability, rain, wind and 

unexplained mortality (Kumar et al., 2009). 

 

2.4. Study of Host plant Resistance 

 

2.4.1. Morphological and Plant Biochemical factors 

 Host plant Resistance is a co evolutionary mechanism and plants have evolved 

a range of adaptations to improve their survival and reproduction by reducing the 

impact of herbivores. Insects evolve resistance to major groups of insecticides with in 

decade. Rate of resistance can be slow down by applying pest management tactics. 

Pest population sampling is necessary in pest management decisions and surveyor 

need to know the most vulnerable stages of pest species.  

 Numerous insect species feed on sunflower having potential of being pest. 

Host plant resistance is becoming major component of IPM by combining traditional 

and genetic engineering of plant breeding. Several morphological characters of cotton 

plant associated with antixenotic and antibiotic effects on bollworms (Ahmad, 2001). 

Varietal resistance of sunflower genotypes has been studied by many researchers such 

as (Aslam et al., 2000; Anderson and Brewer 1992; Brewer and Charlet 1995; Das 

and Thukral 1999; Gao and Brewer 1998; Rafiullah et al.1998; Rogers1980; Rogers 
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et al., 1987; Rogers and Sieler 1985; Sethi et al., 1978; Singh et al., 1993; Teets and 

Randolph, 1969). 

  Moths of H. armigera preferred to oviposit on genotypes with more leaf 

trichomes on different plant parts. The degree of hairiness has been associated with 

resistance to Heliothis spp. (Lukefahar et al., 1971). Oviposition by H. armigera on 

cotton appears to be reduced with the availability of other crops such as sorghum, 

sunflower and maize (Roome and Matthews, 1971). Physical factors like leaf 

pubescence, Plant height and chemical cues (Volatile / surface chemicals) are known 

to be involved in the oviposition behaviour of some Helicoverpa spp. (Jackson et al., 

1984; Tingle and Mitchell, 1984; Ramaswamy et al., 1987; Firempong and Zalucki, 

1990; and Jallow, 1998). Jenkins (1989) correlated hairiness of leaves, small branches 

and stem with the leafhopper resistance. However, hairiness led to high trash contents 

in the lint and high incidence of Heliothis and whitefly. Glabrous trait of leaves 

trichomes provided significant resistance to bollworms.  

           Firempong and Zalucki (1990) reported the role of some plant morphological 

properties in host plant selection by adults of the polyphagous, H. armigera. The 

presence of flowers greatly increased plants attractiveness to oviposition. The 

presence of H. armigera larvae, larval damage and larval frass reduced the oviposition 

on different parts of cotton plant by H. armigera (Firempong and Zalucki, 1991). 

Ramnath and Uthamasamy (1995) found that MCU-9 was most preferred by H. 

armigera for oviposition with a mean number of 45.33 eggs per plant. It also had a 

relatively high number of trichomes i.e., 92/cm2. LK-861 was least preferred with a 

mean of 0.66 eggs per plant, which had the lowest number of trichomes per unit area. 

 In Kansas State, Aslam and Wilde (1991) showed that early June plantings 

usually had higher infestations than later plantings. Previuos studies showed that 

phytomelanin, a hard cellular layer that develops between the hypodermis and 

sclerenchyma in the pericarp of some sunflower lines, imparts mechanical resistance 

to the sunflower moth (Rogers and Kreitner, 1983). The density of trichome has been 

implicated as a factor of resistance in sunflower against sunflower stem weevil as a 

feeding deterrents but this insect avoid sunflower trichome defences through its 

morphological adaptations (Baker, 1990). These plant chemical defences can act as 

repellents and toxins to herbivores. Plants have many secondary metabolites involved 

in plant defence, called anti herbivory compounds and can be classified into three 

subclasses, nitrogen compounds, terpenoids and phelonics. In order to reduce insect 
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pest attack plants evolved different defence mechanism including physical and 

chemical barriers such as production of defence proteins (Haruta et al, 2001), volatile 

compounds that attract predators of insect herbivores (Birkett et al., 2000), secondary 

metabolites ( Kliebenstein et al., 2001) and trichome density (Fordyce and Agrwal, 

2001).  

 Plant produces defense chemicals in two different ways, Firstly, as constitutive 

substances to repel herbivores through direct toxicity or by reducing the digestibility 

of plant tissues and secondly inducible substances synthesized in response to damage 

by herbivores insect pest. Secondary plant metabolic compounds are involved in plant 

defence against insect herbivores as insect repellents, feeding inhibitors or toxins. 

Higher concentrations of the primary metabolites and their secondary by products 

such as phenols and gossypols have also been observed in the bolls of MCU-7 than in 

other cultivars, which led to increased resistance in H. armigera. Selection for 

resistance to sucking pests with more hairy leaves of cotton brought increased 

susceptibility to bollworms. Pigment glands which are found in the embryo, shoots, 

leaves and floral parts of cotton plants contain terpenoids such as gossypol a 

secondary metabolite, capable of inhibiting the growth and development of Heliothus 

spp. (Nymbo, 1988). 

  According to Kessler and Baldwin (2001), the volatile chemicals released by 

tobacco plants attract predatory bugs to tobacco horn worm eggs and feeding larvae 

dramatically increasing the predation rates, these released volatile chemicals decrease 

oviposition rates from adult moths avoiding plants on which predators are likely to be 

present, decreasing herbivore load by 90%. The chemical composition of host plant 

significantly affects survival, growth and reproduction of herbivore insect (Bernays 

and Chapman, 1994). A plant might suffer two kinds of fitness consequences during 

an herbivore attack, tissue loss and large investment required for resistance. These 

costs have been regarded as important component for the evolution of resistance 

because an evolutionary equilibrium should be established at intermediate levels of 

herbivory reduction and fitness (Paul at al., 2000). 

 The synthesis and accumulation of variety of storage proteins found to be 

closely related to plant defence characters since several of these proteins exhibit 

entomotoxic properties such as α-amylase and proteinase inhibitors, lectins and 

globulins. These proteins are mostly present in seeds and vegetative organs of 

leguminous plants (Sales et al., 2000; Franco et al., 2002). Patankar et al., (1991) 
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found that H. armigera larvae are able to overcome the effect of protein inhibitors by 

altering its midgut composition after PIs ingestion, same was also observed for 

Agrotis ipsilon and Helicoverpa zea (Mazumdar-leighton and Broadway 2001a, b). 

The terpenoids constituents isolated from wild species of sunflower resistant to major 

insect pest are reviewed by many workers and presence of sesquiterpenoid lactones 

can reduce the predation by preventing the young larvae from reaching their principle 

food source. The increased resistance to sunflower moth might be achieved by 

breeding for an increased density of glandular hairs on floral parts surrounding the 

pollen (Gershenzon et al., 1985). Smooth-leaf or near glabrous trait inhibit oviposition 

by Heliothus spp. moths and ultimately reduces damage up to 50 percent (Hassan et 

al., 1990; Lukefahr et al., 1975; Niles, 1980; and Robinson et al., 1972).   

 Performance of herbivore insect pest is influenced by host plant species 

phytochemicals. Some of the observed effects are reduced growth and larval survival 

(Lazarevic et al., 1998), abnormal development at pupal stage, delay in adult 

emergence (Hunter and McNeil, 2000) decrease in adult weight (Tikkanen et al., 

2000) and reduced number of generations (Hunter and McNeil, 2000 and Tikkanen et 

al., 2000). There is potential for developing resistant genotypes with reduced feeding 

injury that will help sunflower producers to reduce yield losses due to banded 

sunflower moth (Charlet et al., 2009). Some research has included resistance in native 

and cultivated sunflower species (Brewer and Charlet, 1995; Charlet and Seiler, 1994; 

Gao and Brewer, 1998). 

  Results obtained indicate potential for developing resistant genotypes with 

reduced feeding injury helping sunflower producers reduce yield losses by banded 

sunflower moth (Charlet, 1987).  During 5 years field study  49 sunflower, Helianthus 

annuus L., accessions, and 5 interspecific crosses for resistance to infestation by 

naturally occurring populations of the red sunflower seed weevil, Smicronyx fulvus 

LeConte (Coleoptera: Curculionidae) were evaluated. Germplasm with potential 

sources of resistance to attack was identified. The accession PI 162453 averaged only 

8% damaged seed per head in 3 years of testing and PI 431545 averaged 8% damaged 

seed per head in 4 years of trials. The accessions PI 431542 and PI 650375, which 

were tested for five years, averaged 5% and 10% damaged seed per head, respectively 

during the study PI 431542averaged less than 6% in all but one year of testing. 

Additional accessions that appeared promising in two consecutive years of trials 

included PI 195573, PI 219649, PI 250085 and PI 432516. Hybrid 894 consistently 
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had high seed damage from S. fulvus feeding. Results revealed potential for 

developing resistant genotypes for decreasing seed feeding injury by the red 

sunflower seed weevil. Research is in progress to introgress resistance genes from the 

identified lines into cultivated sunflower through conventional breeding facilitated by 

the use of marker assisted selection (Grady et al., 2010). 

       Field and greenhouse experiments were conducted in 2003 to evaluate 

possible resistance in three sunflower hybrids: Cargill 120, Cargill, 187 and hybrid 

894 to sunflower midge (Contarinia schulzi) Gagne. Egg counts, larval populations 

and damage ratings were evaluated. Cargill 187 is a possible source of antixenosis and 

antibiosis resistance to sunflower midge (Fajardo and Brewer, 2003). Wild sunflowers 

are potential source of gene pole for resistance to biotic and abiotic stresses 

(Thompson et al., 1981; Seiler, 1984 and Rogers, 1992). Noctuid moth H. armigera is 

an important pest of many field and horticultural crops around the globe and Pakistan. 

Eggs and larvae have been recorded on more than 60 plant species belonging to 47 

families (Zaluki et al., 1986, 1994). 

2.5. Role of Weather Factors in Population Fluctuations of H. armigera 

  The temperature dependent pre reproductive period varies from 2 to 5 days. 

(Ellington and El-Sokkari,1986; Isely, 1935). Fecundity mainly influenced by 

temperature, relative humidity, larval and adult nutrition (Adjei-Maafo and Wilson, 

1983; Browing, 1979; Fye and McAda, 1972; Johson et al., 1983; Willers et al., 

1987). Prolonged exposure to temperature more than 35Ċ reduces adult survival, 

fertility, fecundity (Fye and McAda, 1972; Hennebery and Butier, 1986 and Twine, 

1978). The number of generations possible each year is directly influenced by 

temperature, host preference and suitability, seasonable abundance is also influenced 

by these factors. The most favourable range of temperature between12-21Ċ of larval 

development was found to be on gram (Tripathy and Sharma, 1985). H. armigera 

moth shows preference regarding oviposition on sunflower, maize and sorghum in the 

absence of cotton (Roome and Matthews, 1971). Heliothus spp may breed 

continuously depending upon availability of hosts in the completing a generation as 

little as in 28-30 days and passing through 10-11 generations in a year (Coaker, 1959; 

Sparks et al., 1986).  

 High or low temperatures humidity and other factors like wind are thought to 

be responsible for mortality of eggs, larvae and pupae in most of the species. 

(Pearson, 1958; Qayyum and Zaluki, 1987).Gaikwad and Bilapate (1992) reported 
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some insect and mite pests on sunflower in India and damage caused by each was 

discussed. Host plant resistance has been studied by many workers on the basis of 

number of eggs count and population of the larvae of insect species on different 

genotypes of field crops. The less population was due to earliness of genotypes 

(Panchabhavi et al., 1977).  

 Bhat et al. (1996) tested hundreds of germplasm, accessions and cultivars against 

H. armigera and it was found that few accessions like KBHS- 6,7,8,9, TNSU-3, RHA 

- 263, 291-B, EC- 109281, EC-107285 and BRS-3 were found superior in recording 

lower eggs and larval density per plant. Entries 352-8 and RH- 272 having less 

population of larvae/plant were least susceptible. 

    Muhammad Ashfaq and Muhammad Aslam (2001) studied the resistance of 

sunflower genotypes against different insect pest. Fourteen sunflower genotypes were 

screened against aphids green stink bug and thrips. A negative correlation between 

yield of sunflower genotypes and pest population was observed. Attack of H. 

armigera on different cultivars of sunflower SO-1, HB-212 and IS- 894 was observed 

during 81- 82 growing season in field plots in North Western Frontier Province, 

Pakistan (Sattar et al., 1984). Screening of 15 sunflower varieties during the rainy 

season at Bangalore showed fewer incidences of H. armigera neonates on EC101497, 

EC101489 and EC 101495.The fewer incidences was due to earliness of these 

varieties (Panchabhavi et al., 1977). 

  Arora et al., (1998) evaluated eight sunflower hybrids at different dates of 

sowing against insect pest complex and their natural enemies. Early sown varieties 

supported significantly populations of C. carnea and coccinelids. Hybrid GKFSH-

2002 showed significantly lower population of phytophagus insect pest and greater 

population of predatory insects. Yield of 2366 kgs/ha recorded in this experiment.  

2.6. Management of H. armigera                            

 Concept of Pest Management given by four entomologist of California has 

become driving force and conceptual foundation for all modern integrated pest 

management programmes. Today we are trying to implement integrated control 

programmes based on depth of vision of (Stern et al., 1959).Recent strategies such as 

integrated pest management and sustainable pest management aim to restrict 

population build up of H. armigera below damaging level.  

           Sustainable IPM also utilizes considerable input from the plant themselves 

(Fitt, 2000). The combination of biological, cultural and chemical control options 
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requires a more sophistication of understanding of life cycle and biology of H. 

armigera than solely using insecticides. Most of the H .armigera moths appearing in 

the spring come from populations survive locally from year to year on different 

potential crop hosts. Combinations of half the recommended dosages of insecticides 

(profenofos, methomyl and cypermethrine) can be corporate in devising IPM 

strategies against S. litura infesting sunflower (Visalakshmi et al., 2000).  

                    Depew,(1983) in field studies from 1978 to 1980, worked out relationship 

between Homoeosoma electellum (Hulst) oviposition and flowering of sunflower in 

Kansas. Oviposition was greatest on sunflower heads exposed from 2 to 4 days after 

inflorescences began to open, 84 to 90% of the eggs were deposited by the end of the 

seventh day after inflorescences began to open. Five insecticides, applied at 30% 

bloom and 5 days later, were evaluated in 1982 for control of H. electellum larvae 

infesting sunflower heads. All insecticides significantly reduced numbers of larvae 

compared with the untreated check. Permethrin, carbofuran, acephate, and 

methidathion provided the best control. Ethyl parathion was significantly less 

effective than the other insecticides. 

 H.armigera (Lewin et al., 1973; Rangarajan et al., 1975; Panchabhavi et al., 

1977; Jairaj, 1990; Jaglan and Saini, 2004) and H. peltigera Denis and Schisser muller 

(Grewal et al., 1985; Singh and Bakhetia, 1993) might destroy more than 50 per cent 

of seed. Direct damage to the plants is caused by the larvae, which feeds on the 

flowers, tender leaves, receptacles ovaries and sunflower achenes. On the average 2nd 

to 3rd instar larvae cause 65% losses to cotton yield (Ting, 1986). It was found that 

mature tomato plants are more tolerant than young plants and percent damaged fruits 

and yield loss decreased at advance growth stages for a given larval density. In 

Pakistan, H. armigera caused 20   percent yield losses in cotton, 23 percent pod 

damage in gram and 35 percent in tomato (Ahmad and Mohsin, 1969; Rehman, 1940; 

Latif, 1985; Latif et al., 1997).  

   Damage caused by the cotton bollworm (Helicoverpa armigera HÜBNER) was 

first observed in the southern part of Bács-Kiskun County in 1994. The observation 

was made in Becalms, in a sunflower field of 150 ha that was used for hybrid seed 

multiplication. Protection of sunflower seed fields would not be possible without the 

integrated protection technologies developed against this insect. According to our 

large-scale investigation, 322 sunflower heads of the 500 examined (64.4%) were 
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found to be infected on 3 August 2003. The level of infection was as high as 418 

heads (83.6%) in the Bácsalmás region (Horvath et al., 2004) 

           The management of sucking pests and H. armigera on sunflower could 

effectively increase the yield over the untreated check. The avoidable yield losses 

were worked out more than 50% with full plant protection measures. The sunflower 

could be protected from sucking insect pest during early growth stage and H 

.armigera at bud formation stage (Ravi et al., 2006). Kurrupuchamy (1993) conducted 

an experiment in the rainy season of 1991 to investigate the yield losses inflicted by 

H. armigera on sunflower. The economic injury level was found to be 0.92 larvae/ 

plant. 

             The results obtained in field studies in Indian Punjab during 1994 showed that 

farmers should be educated to adopt the practice of ridge sowing to avoid infestations 

of Agrotis spp on sunflowers and to minimize use of insecticides (Bakhetia et al., 

1995). Intercropping of cotton with cowpea, sorghum and maize and strip cropping of 

alfalfa harboured higher levels of natural enemies than in mono cropping (Smith, 

1969; Smith and Reynolds, 1972; and Baliddawa, 1985). Baruducci (1972) reported 

that maize inter planted at the rate of one row per twelve rows of cotton increased 

control of Helicoverpa spp. by anthocoreid bugs and many other predators. Nordlund 

et al. (1988) found that Trichogramma parasitization in poly culture experimental 

plots was much higher than on monoculture maize.  

Intercropping may increase the effects of natural enemies, because the 

intercropped plant provides allelochemical attraction or a nectar or pollen source for 

natural enemies or because the intercrop improves microclimatic conditions (e g. 

moisture, shelter and food source) for ground dwelling predators (Van Emden, 1989). 

The advantages of diversification of the crop and neighbouring environments have 

been extolled by organic farmers and other protagonists of sustainable agriculture for 

many years. Absolute populations of predators were five to ten times higher in the 

intercropped areas than in the monoculture ones. Based on these observations, 

Edward et al. (1992) concluded that increasing crop diversity favours population of 

the natural enemies of the pest species. 

         Intercropping of groundnut in cotton reduced the pest attack by increasing 

the activity of natural enemies (Venugopal Rao et al., 1992). Singh et al. (1993), 

recorded high incidence of eggs of H. armigera on okra and nymphs of the cicadellids 

on okra and sunflower, suggested the possibility of exploiting these crops in cultural 
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control of the above pests on cotton. A mixed or intercropping regime will provide a 

greater total land productivity and improvement of soil. In addition, crops in 

intercropping systems not only improve soil fertility (texture and structure) and 

availability of alternative sources of nutrient products (Risch et al., 1983), but also 

reduce the insect pest incidence (Smith and Reynolds, 1972; and Robinson et al., 

1972). 

 In greenhouse experiment, sunflower plants were treated with nuclear poly 

hedrosis virus, to control third instar larvae of H. armigera. The virus in various 

formulations caused 40- 77.9% mortality of H. armigera (Rabindra et al., 1991). 

Chemicals of plant origin have been in use since centuries for controlling insect pests 

and diseases. Neem and neem based derivatives has gained popularity in mid nineties 

and is becoming regular part of insect pest management. Neem based formulations 

like; Neemazal, Nimbecidine and Neem Jeevan Triguard have been used against the 

Helicoverpa armigera on various crops and were found effective (Gupta and Birah, 

2001). 

 Green revolution has no doubt led to increased global food supplies but at the 

same time it has created ecological, environmental and socioeconomic concerns. 

“Green revolution” technologies focused on the use of high yielding dwarf and semi 

dwarf varieties of crops, increased use of agrochemicals and irrigation water. All 

these practices favoured the build of pests species, as a result populations of crop pest 

has increased, many  minor pest has assumed the status of major pests and several 

new pest problems appeared in different regions.  

               Indiscriminate use of pesticides has led to problems of pesticides resistance, 

resurgence and contamination of the environment. In spite of variety of control tactics 

applied against pests, crop losses have gradually shown an upward trend (Dhaliwal 

and Koul, 2010). Although neem origin pesticides are environment friendly, but not 

as effective as synthetic insecticides because of low toxicity, slow action and quick 

degradation.Their efficacy can be enhanced by integrating with other components of 

IPM, viz. entomophagus (parasitoids and predators) and entomopathogens (viruses, 

bacteria, fungi and protozoan).  

 Chrysoperla spp. have long been considered an important naturally occurring 

predators in many agricultural cropping systems, including, cotton , vegetables, fruits, 

oilseeds and forage crops where larvae are very good control agents on various 

arthropods(McEwen et al.,  2001;Stark and Whitford 1987).The use of green lace 
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wings has been increased because of this predator has advantage over other 

introduced natural enemies due to its broad tolerance to many insecticides(Brettell,  

1979; Bigler  1984 ; Vogt 1994;Croft 1990;Wetzel et al. 1991). It can easily be mass 

reared (Hasegawa et al., 1989). The effective of C. carnea in controlling noctuid pests 

and aphids has been studied by many workers (Scopes1969; Eldakroury et al. 1977; 

Dean 1983; Megahed et al., 1984; Stark and Whitford 1987; Obryick et al., 1989; 

Hagely, 1989; Kabissa et al., 1996; Rajabaskar, 2007). They reported that green lace 

wing larvae achieved high mortality levels of eggs and neonate larvae as well as aphid 

nymphs. C. carnea has been found to be an important predator against H. armigera 

(Bakhtavatsalam et al., 2000). Singh et al., (1993) observed that the egg laying by M. 

astur on sunflower, cotton and pigeon pea was much lower as compared to C. carnea 

and M. boninensis. This could be attributed to its lower fecundity (Bakthavatsalam et 

al., 1994). 

 In case of sunflower, the first eggs were observed during November and also 

recorded up to mid March. There was a clear positive correlation between the predator 

and its prey (Myzus persicae) on sunflower. Mannan et al., (1995) found that C. 

carnea laid eggs on cotton during the first week of July and eggs were then present 

throughout the cropping season. In case of sunflower, the first eggs were observed 

during November and also recorded up to mid March. There was a clear positive 

correlation between the predator and its prey (Myzus persicae) on sunflower. 

        The preference- performance hypothesis for insect herbivores was tested for 

sunflower moth Homoeosoma electellum (Hulst) by using 16 sunflowers (pre-

breeding lines. Geetha and Swamiappan (1998) conducted an experiment to know the 

preference of C. carnea on different pollen rich crops like cotton, sunflower, astur and 

coriander under walk-in cages. During the first week, cotton and sunflower plants 

significantly favoured the retention of C. carnea adults, more C. carnea eggs were 

laid on the cotton plants (94.4 eggs) over the four weeks period, followed by the 

sunflower plants (88.2 eggs).  

Ballal and Singh (1999) studied the oviposition preference of three species of 

chrysopids on three preferred host plants like cotton, sunflower and pigeon pea. 

Among the different crops, more eggs were laid on sunflower, cotton and fewer eggs 

on pigeon pea, when the chrysopid adults were tested under no choice conditions. In 

free choice tests with all three host plants, C. carnea and M. boninensis followed the 

same pattern, while M. astur had nomarked preference for any of the host plants. On 
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sunflower, the eggs were almost equally distributed on the tender leaves, florets and 

bracts, with no special preference for any specific site. On cotton, C. carnea laid more 

eggs on the leaves than the buds, while M. boninensis and M. astur did not exhibit any 

preference 

           The larval population of the pest, H. armigera was reduced from 3 to 2 per 

head by green lace wing larvae (C. carnea) released twice at weekly intervals, at the 

rate of two/ head and the yield in the release plot was 940 kgs/ ha as reported by 

Venkatesan et al. (1997). Predation of eggs and neonates of H. armigera by C. 

scelestes on different cotton genotypes was studied by Ramnath and Uthamasamy 

(1995). Genotypes with fewer trichomes recorded increased percentage of predation. 

Egg and larval predation was maximum on LK-861, which had minimum number of 

trichomes on the leaves. Rising level of resistance to insecticide in H. armigera 

(McFaffery, 1998) has led to a renewed interest in developing alternative to 

insecticidal control, such as ecological based management techniques and 

development of resistant genotypes. 

    Ballal and Singh (2003) evaluated the performance of three species of 

trichogrammatids on H. armigera in laboratory and greenhouse conditions during 

1996-97, laboratory studied showed that Trichogramma chilonis and trichogramma 

pretiosum were more effective parasitoids of H. armigera than trichogramma 

brasiliense. In screen house conditions T. chilonis was the most effective parasitoid of 

H. armigera eggs on sunflower plants in comparison to other trichogrammatids 

species. Kumar et al., 2009 conducted studies in cotton crop at Hisar during 2003-

2004 to identify mortality factors in the egg stage of H. armigera in the insecticides 

free cotton field. The correlation of egg loss with various abiotic factors was 

determined. Eggs were parasitized by Trichogramma chilonis Ishi during September 

and October and mean parasitization was 25 and only 1-2 % during 2003 and 2004, 

respectively.  

 Important factors responsible for egg mortality were identified as T. chilonis, 

in viability, rain and wind. Neem products are safer to eggs, larval parasitoids and 

predators including spiders in various agroecosystems (Raguraman, 2007; Jayaraj and 

Ignacimuthu, 2005). Cotton leaves sprayed with neem seed extract containing 

repellent reduce oviposition by H. armigera females (Pyke et al., 1987). Application 

of NPV at 250le/ha followed by .035% endosulfan 3 days later was as effective as a 

single application of .07% endosulfan or two applications of NPV at 750le/ha in 
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reducing damage to sunflower heads (Rabindra et al., 1972).Field trial results in 

Karnataka revealed that, two applications (first given at the button stage of the crop 

and second at 10 days later) of HaNPV at 500 le/ha recorded lowest damage to 

heads(31.6%) and highest yield of 3.1 q/ha followed by two applications of Ha NPV 

at 250le/ha BT at 0.5Kg/ha and two sprays of HaNPV at 250 le/ha+ endosulfan35EC 

at 0.5l/ha.  

 Synthetic chemicals were found to be quite effective in controlling H. 

armigera from 80,s till 90,s. After the detection of resistance in field populations of H 

.armigera to DDT, organophosphates, carbamates, endosulphan, pyrethroids and BT 

cotton varieties are becoming the major components of insect pest management. To 

sustain agricultural productivity, many insecticides with novel mode of action have 

been introduced, including emamactin and spinosad. Spinosad is a naturally derived 

fermentation product of soil bacteria Saccharopolyspora spinosa Mertz&Yao (Bret et 

al., 1997; Thompson and Hutchins, 1998) and consists mainly of mixture of spinosyns 

A and D (Sparks et al., 1998).  

As a biorational insecticide, the mode of action of spinosad seems to be unique 

with the primary site of attack being nicotine acetylcholine receptor (nAChR), and a 

secondary site being ϒ-amino butyric acid (GABA) receptors (Watson, 2001). It has 

low toxicity to mammals, fish, birds, wildlife, and human being may be beneficial 

arthropods and can be used as alternative to conventional insecticides in integrated 

pest management programmes (Thompson and Huthchins, 1999; Cleveland et al., 

2001; Cisneros et al., 2002).  

 Spinosad has been classified as bioinsecticides due to its safety profile and 

biosynthesis (Copping and Menn, 2000; Cisneros et al., 2002). Spinosad is effective 

against several classes of insects, mainly Lepidoptera larvae and is registered for uses 

in many countries on more than 150 crops. Mortality of H. armigera was significantly 

higher with the combine dose of NPV and Azadactran and mortality increased when 

the dose of AZA was doubled.  

The additive interaction of NPV and AZA was found to be in dose dependent 

manner and highly compatible in disrupting the survival, feeding and biology of H. 

armigera (Kumar et al., 2007). Dose- mortality response of banded sunflower moth 

Cochylis hospes Walsingham, to Bacillus thuringiensis and its effect on sunflower 

seed damage and yield. As an alternative to chemical insecticides, any of the B. 
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thuringiensis product tested could be employed for control of C. hospes larvae and to 

reduce the impact on beneficials in sunflower fields (Jawahar et al., 1999).   

Rao and Srivastava (1984) reported that the neem oil and NSKE based water 

dispersible powder @ 1% inhibited the growth of the larvae of H. armigera on 

sorghum ear heads. When H. armigera larvae were allowed to feed on chickpea plants 

treated with 0.1 per cent NSKE, pupal intermediates and abnormal adults were 

observed (Jotwani and Srivastava, 1984).  

Evaluation of neem extracts and insecticides in the field revealed that 8% NSKE 

significantly reduced the damage due to H. armigera and was comparable with 0.05 

per cent quinalphos and 0.02 per cent fenvalerate (Srivastava et al., 1984). Tomato 

fruit borer, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) is one of most 

serious pest of the crop grown in Solan area of Himachal Pradesh (Mehta et al., 

2010). Studies were undertaken to observe, the effect of Nimbecidine, NeemAzal and 

role of birds in the suppression of H. armigera larval population in the tomato field. 

Nimbecidine was sprayed at 0.30 and 0.60 ppm azadirachtin concentrations, whereas 

Neem Azal was sprayed at 10.00 and 20.00 ppm azadirachtin concentrations. The 

maximum larval reduction after three sprays recorded at 20.00 ppm concentration of 

Neem Azal (71.29 %) with higher fruit yield (20.42 kgs) and lowest fruit infestation 

(7.18 %). 

   Birds like Acridotheres tristis, Cissa erythrorhyncha, Copsychus saularis, 

Corvus macrorhynchos, Dicrurus adsimilis, Parus major, Passer domesticus, 

Pycnonotus cafer, Pycnonotus leucogenys, Saxicola caprata and Turdoides striatus 

were found preying on H. armigera larvae in tomato crop. Pycnonotus cafer and 

Acridotheres tristis used the T- shaped perches more frequently than other species. In 

plots where T- shaped perches were installed, the larval survival was less in 

comparison to netted and control plots. In netted plots where birds were excluded 

maximum larval survival (76.78 %) was observed in comparison to control plots 

(66.53%) where bird had free access to H. armigera larvae. The reduction of 10.25 

per cent H. armigera larvae was attributed to the bird predation alone. Due to higher 

survival of larvae in netted plots less fruit yield (8.83 kgs) were recorded in 

comparison to control plots (11.33 kgs). 

 Results of Thakur et al. (1988) revealed ineffectiveness of neem kernel and 

leaf extracts @ 5 per cent. Less larval population was noticed on chickpea one and 

two weeks after all chemical insecticides, but neem extracts recorded significantly 
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less larval population as compared to control treatment, However,  chemical 

insecticides were found to be more effective than neem kernel and leaf extracts after 

one week but these were at par with each other after two weeks. Even then they have 

suggested using neem extracts as they are cheap and harmless. Neem oil @ 5 per cent 

sprayed on cotton against H. armigera gave poor control, although significantly better 

than untreated control. But, neem oil alternated with chemical insecticides viz., sevin 

and decis produced a comparable yield with those sprayed with chemical insecticides 

alone.  

 The low rate of efficacy indicates that most of the larvae which did not 

necessarily cause damage on the cotton bolls due to deterred feeding (Solsoloy and 

Embuido, 1992). Laboratory trials on two neem formulations, Neemrich 20EC and 80 

EC conducted by Bhatnagar and Kandasamy (1993) against cotton insect pests 

indicated that Neemrich 20 EC at 0.1 % exhibited 51.10 and 50.80% of antifeedant 

activity against larvae of Earias vittella (Fab.) and Euproctis luneta (Walk), 

respectively. Neemrich 80 EC at 0.8% resulted in 84.0 % mortality of aphids. 

Sunflower crop was treated with NSKE (5%), Clerodendron inerme (L.) dust (25%) 

and C. inerme fresh plant extract (10%) resulted in larval-pupal intermediates and 

abnormal adults of H. armigera. Sequential application of Nuclear Polyhedrosis Virus 

(NPV) @ 250 LE per ha followed by NSKE (5%) and C. inerme extract (10%) was 

found promising in reduction of H. armigera population in the sunflower field 

(Basappa, 1998).  

       With the increasing use of pesticides over decade against populations of H. 

armigera in different regions of the world, the phenomenon of resistance occurred. 

Frequent and indiscriminate use of insecticides to control insect pest caused 

development of resistance in many insect populations (Estela et al., 2004; Sayyed and 

Wright 2006; 2001).Individuals of pest populations survived even after application of 

different classes of insecticides.  

It is reported that near about 500 agricultural insect pest species has developed 

resistance to various pesticides classes in at least one field population (Cabrera et al 

2003; Whalon et al., 2008).Recently,Tabashnik et al. (2008) has reported the 

occurrence of resistance in Bt cotton to Helicoverpa zea (Boddie) inArkansas and 

Mississippi states of USA. There are also indications of development of resistance  in 

H. armigera in parts of China (Wang et al., 2009) and occasional reports of survival 
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of H. armigera on Bt cotton in Australia (Downes et al., 2007) and India (Kranthi et 

al., 2009). 

 In a study low to moderate level of resistance to organophosphates in H. 

armigera was documented from India, Pakistan and Thailand (Armes et al., 1996; 

Gunning et al., 1996; McCaffery, 1998). Ahmad et al., (1995) reported a low level of 

resistance to thiodicarb from Pakistan. H. armigera has developed esterase mediated 

resistance to pyrethroids in central Africa. Rapid selection of resistance alleles due to 

dominance supports the ability of H. armigera to develop resistance to pyrethroids.  

However, associated fitness costs provide useful information for managing 

evolution of resistance .Insecticide resistance along with environmental concerns and 

toxicological hazards have spurred the research for alternative to conventional, 

synthetic compounds as well as development of more integrated control techniques of 

insect pest management (Tabashnik, 1994).  

A new group of compounds, which have much less environmental and bio 

toxicological side effects are the protein insecticidal toxins derived from the common 

soil bacterium Bacillus thuriengiensis( BT) and have become important for pest 

management both as sprays and incorporated in GM crops ( Tabashnik et al., 1998; 

Bravo and Soberon, 2007).  

In addition to crystal protein, several strains of BT secrete toxin proteins during 

vegetative growth that do not form crystals and called vegetative insecticidal proteins 

(VIP) (Estruch et al., 1996; Selvapandiyan, 2001).The research is undergoing for the 

developmet of transgenic sunflower to withstand insectpest. 
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CHAPTER 3 

MATERIALS AND METHODS 

   

3.1. Study area and its climate 

  Faisalabad stands in the rolling flat plans of North east Punjab, between 

longitude 73o -74 o east and latitude 30o-31.5 o north, with an altitude of 184 meters 

above sea level. The climate of the district reaches to extremes with a summer 

maximum temperature 50 oC and a winter temperature -1oC. The mean maximum and 

minimum temperature in summer are 39oC and 27 oC, respectively. In winter, it peaks 

at around 21oC and 6oC, respectively. The summer season start from April and 

continue till October. May, June and July are the hottest months. The winter season 

starts from November and continues till March. December, January and February was 

the coldest months. The average yearly rainfall lies only at about 400 mm and is 

highly seasonal with approximately half of the yearly rainfall in the two months July 

and August.  

 Studies were conducted in the experimental areas of University of Agriculture, 

Faisalabad and Post Graduate Research Station (PARS) located on Jang road. The 

summer weather in this area is very hot and winter is very cold. The area has a very 

good irrigation system comprising of network of linking canals and small 

distributaries. Monsoon rains occur during the months of July and August. Frost may 

occur during month of January for a period of one or two weeks. 

3.2. Screening of sunflower germplasm 

   Studies regarding screening of germplasm (lines and varieties) were carried 

out during two growing seasons 2008-09 and 2009-10 to screen sunflower germplasm 

based on egg and larval population. Experiments were laid out in a randomized 

complete block design (RCBD) tetra replicated. The row to row distance was kept at 

60 cm and plant to plant distance 30 cm. The plot size was maintained at 9x15 m for 

field experiments during the study periods with the application of standard agronomic 
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practices. The fertilizer application and other inter cultural practices like thining; 

hoing, weeding out and earthing up etc. that required for sunflower crop were also 

carried out at appropriate timing. 

 

3.3. Preliminary Screening Trial 

  Twenty diverse genotypes of cultivated sunflowers  viz., A-60, G-5, A-179, 

A-79, A-9, OR-103, OR-101, OR-100B, OR-44B, OR-92B, OR-102B, H-38, S-278, 

H-33, A-11, G-53, G-32, A-75, G-55 and G-7 ( advance lines and varieties) were 

sown in the experimental area of university of Agriculture, Faisalabad during March, 

2008. No plant protection measures were applied. Three genotypes each showing 

resistant, susceptible and intermediate response were selected on the basis of egg and 

larval population per five plants of H. armigera for further experiments  

3.4. Final Screening 

 Nine genotypes of sunflower based on egg and larval population of H. 

armigera, selected from preliminary screening trial were sown in the same 

experimental area during March, 2009. Data based on egg and larval-population was 

recorded. Various physico- morphic characters imparting host plant resistance and 

chemical plant factors were also studied. 

3.5. DATA COLLECTION 

3.5.1 Head- Infestation 

 Damaged and undamaged heads from randomly selected five plants in each 

genotypes were counted ad harvested at the end of final screening in the year 2009- 

2010.The percentage of heads infested by the larvae of H. armigera  was   calculated 

by the following formula. 

        Head Infestation Percentage   = B   x 100   

                                                              A 

Where:   A = Total Heads (damaged + undamaged) 

               B= Damaged Heads 

3.5.2 Egg count 

  Number of eggs from randomly selected five plants in each genotype were 

recorded with the help of hand lenses for eight dates at 3 days interval from 12 -04-

2008 to 4-05-2008  for preliminary screening experiments, while there were eight  

dates of observations for final screening experiments at 3 days intervals from 12-04-



26 
 

2009 to 04-05-2009. The average egg count per five plants for each genotype was 

calculated. 

3.5.3 Larval population count 

   Number of larvae from randomly selected five plants in each genotype were 

recorded for eight dates at 3 days interval from 12 -04-2008 to 4-05-2008  for 

preliminary screening experiments, while there were eight  dates of observations for 

final screening experiments at 3 days intervals from 12-04-2009 to 04-05-2009. The 

average larval population per plant for each genotype was calculated.  

 

 

 

3.5.4. PLANT SUSCEPTIBILITY INDICES (PSI, S)  

The PSI,S based on larval population and head infestation caused by H. 

armigera on different selected genotypes of sunflower were determined by using 

appropriate software and PSI was calculated y the following formula: 

 

            HPSI (   %) =    B- A     X 100 

                                         B 

  A = Larval population / head infestation in individual genotype. 

        B = Larval population /head infestation in all genotypes of sunflower on average 

basis. 

3.5.5. Seed yield data          

  The head were removed from the plants manually with the help of sickle and 

the seed weight of each test genotype from each plot was recorded with the help of 

electronic balance. 

3.6. ROLE OF WEATHER IN THE EXPRESSION OF RESISTNACE  

3.6.1 Meteorological Data 

   Meteorological data relevant to temperature, relative humidity and rainfall, 

were recorded from the adjoining meteorological observatory of the University of 

Agricultural, Faisalabad ( appendix 5) to study the affect of weather on egg and larval 

population of H .armigera feeding on different sunflower genotypes. 

3.6.2 STATISTICAL CORRELATION 

  The impact of weather factors on egg and larval population of H. armigera 

infesting heads of different genotypes of sunflower was determined by working out 
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simple correlation (Steel et al., 1997). Regression analysis was done to predict H 

.armigera population using factors which showed significant correlation 

3.7. PHYSIO- MORPHIC AND CHEMICAL FACTORS OF THE PLANTS  
 FOR STUDY OF HOST PLANT RESISTANCE: 
 

  The study was conducted on nine selected genotypes of sunflower during 

final screening trial. These studies were carried out in the laboratories of Department 

of Agricultural Entomology and institute of Animal Nutrition, University of 

Agriculture, Faisalabad. 

 

PHYSICO-MORPHIC PLANT CHARACTERS 

Plant height 

  Five plants were selected randomly in each test entry at time of maturity and 

their height was measured in centimeters from the ground level to the plant canopy 

with the help of ordinary meter rod and their average was calculated. 

Head yield per plant (gm) 

   Heads from five selected plants from each test entry were removed with help 

of sickle and thrashed. Seeds of these entries were weighed in grams with an electric 

balance. 

 Hair Density (cm) on leaves 

    The hair density (cm) was observed from leaf mid rib, vein and lamina from the  
  

 Leaves, selected from the top portion of the plant from each plot at flowering iniation 

stage.To estimate leaf hair density, we counted the number of leaf hairs present along 

1 cm of margin under the stereobinocular microscope at magnification of 20x.The 

trichome on different genotypes were counted on abaxial surface of leaves. 

 
Leaf area 

Three leaves were taken from the top portion of randomly selected five plants 

from each plot. Area of each leaf was measured by laser leaf area measuring meter 

Thickness of leaf lamina 

Three top leaves of plant were selected randomly from each plot. A cross section 

of the leaves was cut with the help of a fine razor and thickness of lamina was 

determined from 6 different places of each leaf with the help of an ocular micrometer 

under binocular microscope. 

Head diameter 
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 The diameter of head of five randomly selected plants from each test 

genotypes was taken with the help of measuring rod and their averages were 

calculated. 

3.8. BIOCHEMICAL PLANT FACTORS 

  Samples of Sunflower plants of selected genotypes were analyzed for 

different parameters were taken from (AOAC, 1997) and methodology is described as 

under for different analysis. 

Determination of cellulose content (%) in the sunflower Helianthus annus L. 
plant 
Procedure: 

    Acid detergent fiber residue in dried form was taken in tarred crucible, weighed 

and placed in a beaker to which10 ml of 24N H2 SO4 was added and allowed to stand 

for one hour. After that, 10 ml of 24 N H2SO4 and then again allowed to stand for 

one hour. The same process was repeated again for third time. After that distil water 

was added to get 100 ml volume. Then solution was filtered, 2-3 washing were given 

with distilled water. The residue left was transferred to tarred crucibles and was kept 

in the oven at 1050C for eight hours to get the constant weight of the dried residue. 

Loss of weight was calculated as cellulose by following calculations. 

Weight of crucible+ dried ADF residue                         = W gms 

Weight of crucible+ dried residue after 24N H2SO4      = W1 gms 

Amount of cellulose                                                     = W-W1gms 

 

               W- W1 

     Cellulose (%) =         _____________         × 100 

                                       Weight of sample 

Determination of lignin content in different sunflower genotypes 

Procedure: ADF Method; the gravimetric method of lignin determination (Van 

Soest, 1963; Rowland and Roberts, 1994) was adopted.Weighed residues left after 

cellulose determination, was taken in crucible. The crucible was weighed again and 

partially ignited on flame so that there is no smoke .The crucibles were kept in muffle 

furnace at 550C at three hours. After three hours the crucibles were taken out and kept 

in dessicators for fifteen minutes and then weighed. The difference in the ADF 

residue, which was left after cellulose determination and ash, was calculated by the 

following method. 
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Weight of crucible + weight of residue after cellulose digestion          = W gms 

Weight of crucible+ ash content of the residues                                 = W1 

 Lignin in the sample                                                                        = W-W1=A 

                                    A 

Lignin (%) =    _________________   X 100 

                             Weight of sample 

 

Determination of ash content in different sunflower genotypes 

Principle:  

 The ash of plant material is the inorganic residue left after the sample is 

ignited until it is carbon free. 

Procedure: 

 Two gram of plant sample of each genotype was taken in tare crucible. The 

crucibles were partially ignited on flame till no smoke was coming out. The crucibles 

were kept in muffle furnace at 550C for three hours. Crucible were taken out and kept 

in the desiccators for 15 minutes and then weighed. Ash content was calculated by the 

following calculations. 

 

Weight of crucible                                      = W1gms 

Weight of crucible+ sample                        = W2gms 

Weight of sample                                       = W2-W1gms 

Weight of crucible + ash                             = W3gms 

Weight of ash                                             = W3- W1gms 

 

Determination of hemicelluloses (%) in different sunflower genotypes 

Principle: 

  Hemi cellulose is soluble in ADF regent so the difference between ADF and 

NDF is always equal to the hemicelluloses present in the sample. 

Procedure: 

 The weights of the dried residues of ADF and NDF which were already 

determined and difference among them was calculated by the following formula. 

 

 Dried residue of NDF           = X gms 
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 Dried residue of ADF           = Y gms 

 Hemicellulose                       =    X –Y = A gms 

 

 

                                                               A 

          Hemicellulose (%)    = __________________    × 100 

                                                   Weight of sample 

Determination of Acid Detergent Fiber in sunflower (Helianthus annus L.) 
genotypes 
 
Principle:  

 Acid Detergent Fiber, all the contents in the sample including hemicelluloses 

while in Neutral Detergent Fiber, hemicelluloses is not dissolved. Therefore, NDF 

amount is always more than ADF. Chemicals used for extraction of ADF were: 

                  Acid detergent solution 

                   Sodium sulphite 

                   Acetone 

                   Refluxing apparatus crucible. 

Procedure: 

    A sample of one gram oven dried, grinded sunflower plants of different 

genotypes in conical flasks of 500ml each and 100 ml of ADF reagent was added in it. 

Then heated to boiling for 2-6 minutes afterwards temperature was lowered and it was 

allowed to reflux fiber for one hour. Simmering condition was maintained during that 

period. Then the contents were filtered thoroughly giving two washing with distilled 

water. The residues were shifted to tarred crucibles and were kept in the oven at 105Ċ 

at least 8 hours till a constant weight of dried filtrate was achieved.ADF was 

estimated by the following calculations. 

 

  ADF (%) = (Wt of crucible+ADF residue after drying)- (Wt of empty crucible)   

X  100 

                                                      Weight of sample (g) 
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Determination of Neutral Detergent Fiber (NDF) in sunflower (Helianthus annus 
L.) genotypes 
 
Principle:   

 Neutral detergent Fiber consists of cellulose, lignin, cutin and silica, which are 

soluble in neutral detergent fiber reagent. Hemicellulose is not soluble in it. So the 

neutral detergent fiber was determined by applying this principle. 

 

Materials: Neutral detergent solution 

                 Sodium sulphite 

                 Acetone 

                 Decohydronaphthaline 

 

Neutral detergent fiber composition for 100 ml 

Sodium lyrate                                       = 30gms 

Sodium EDTA                                      =18.6gms 

Disodium hydrogen sulphate                 = 4.56gms 

Sodium borate                                       = 6.81gms 

Ethoxy ethanol                                      = 10ml 

Procedure: 

 One gram of sample of each genotype was taken in 500 ml of conical flask 

and 100 ml of reagent of NDF solution was added in it. Two ml of decahydro 

naphthalene and .5 grams of sodium sulphite were added. The fraction vessel was 

attached to a cold finger condenser and heated to boiling. At the onset of boiling the 

sample was refluxed for a further 60 minutes. Only simmering is allowed. The 

solution was immediately filtered (under vacuum) through a well dried and 

maintained muslin cloth. The residue was washed twice with minimum volume of hot 

water 80-900C and again with acetone. The residues were then shifted to tarred 

crucible and were kept in the oven at 1050C for at least 8 hours till a constant weight 

was achieved. The yield of recovered NDF is calculated as follows. 

 

Weight of sample                                                          = W g 

Weight of crucible                                                        = W1g 

Weight of crucible+ dried residue after NDF             = W2g 
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                                  W2-W1 

NDF (%)     =       _____________    X 100 

                                        W 

 

Use of flame and photometry for sodium and potassium analysis: Specification of 

using flame photometric method for determination of salts. 

Procedure: 

1-  First of all standard solution was prepared for the salts to be analysed for 

measuring composition and calibrating the flame photometer. 

2- The gauge was set at relative salt to be determined sodium or potassium. 

3-  Flame photometer was set as it, showing zero reading before introducing 

sample. 

4-  Button was turned on for ignition with sign of flame and it was kept low 

because the flame reading is converted into a digital reading on screen by the 

help of a photocell. 

5- Color of flame also indicates (the intensity of color) the concentration of salt 

present in solution for example for sodium the color of flame will be sharp 

golden yellow if its presence is high and vice versa. 

6-  Tube was carefully inserted for sucking sample into flame photometer. 

7- Every time after taking sample ‘s reading  the photometer was washed with 

distilled water by dipping sucking tube into the distilled water, to avoid any 

adulteration of  sample to another. 

8-  Reading of standard was taken   of salt to be analysed then reading of sample 

was taken. The reading at the flame photometer persisted for certain time.  

 

3.9 INTEGARATION OF VARIOUS MANAGEMENT TECHNIQUES FOR 
THE CONTROL OF Helicoverpa armigera Hubner ON SUNFLOWER 
  

 Pest management techniques were studied on resistant (G53) and susceptible 

OR-100B genotypes at PARS, University of Agriculture, Faisalabad .Sunflower 

genotype (G53) giving maximum yield (Table 37) and comparatively resistant (Table 

37) and genotype (OR-100B) with less yield and comparatively susceptible to H. 

armigera during 2009-10 were selected. Management methods like weeding and 

hoeing, release of Chrysoperla carnea @ one second instar larva per plant at budding 
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stage of the crop, spray of spinosad@40ml per acre and their possible interactions at 

PARS during March 2010 -11 on comparatively resistant and  relatively susceptible 

genotypes, following RCBD with four replications. The size of the plot was 9x15m.  

 The data regarding larval population from randomly selected five plants before 

and after each treatment was recorded. Head damage data was also recorded after 

removing the heads at crop maturity from randomly selected five plants from each 

treatment. The data regarding yield from both genotypes were recorded at crop 

harvest removing heads form the plants manually from each plot and seed weight was 

recorded from each treatment. 

STATISCAL ANALYSIS 

 The data were analyzed using MSTAT package. Means were separated by 

Duncans Multiple Range Test (DMRT). The impact of physio-morphic and chemical 

plant characters on the larval population of H. armigera on selected genotypes of 

sunflower was determined through simple correlation. The impact of these factors on 

the larval population was also measured through stepwise linear regression analysis. 

 COST BENEFIT RATIO 

 Cost benefit ratio was calculated with the objective to find out best treatments, 

which showed maximum control of the pest and resulted in maximum yield with 

minimum cost and proved economical for the farmers. 
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CHAPTER 4 

RESULTS  
Screening of genotypes based on the egg and larval population  

 The study was conducted on sustainable management of Helicoverpa 

armigera (Hubner) on sunflower for three consecutive years from 2008 to 2010. The 

experiments were carried out in the experimental area of Post Graduate Agricultural 

Research Station (PARS), Faisalabad, laboratories of Entomology Department and 

Institute of Animal Nutrition University of Agriculture, Faisalabad. The study was 

comprised of the following Sections:  

4.1 Host Plant Resistance.  

4.2  Role of weather in the expression of resistance based on eggs count and    

        larval population of H. armigera 

4.3  Phenotypic and bio-chemical plant characters  

4.4    Integration of various control methods  

4.5     Cost benefit ratio (CBR) 

Section 4.1 Host Plant Resistance   

 The study was carried out for two years i.e. 2008 and 2009 under field 

conditions at PARS. Twenty genotypes of sunflower viz. A-60, G-5, A-179, A-79, A-

9, OR-103, OR-101, OR-100B, OR-44B, OR-92B, OR-102B, H-38, S-278, H-33, A-

11, G-53, G-32, A-75, G-55 and G-7 were sown during 2008.  The data on egg counts 

and larvae population of the pest were recorded on per 5 plants basis. From this study, 

three resistant, three intermediate and three susceptible genotypes were selected based 

on egg and larval population for final screening trial during 2009 with the objective to 

confirm the previous year’s result. The results are presented under the following sub-

sections. 

4.1.1 Preliminary Screening Experiment   

4.1.1.1 Egg Counts  

 The data regarding the number of eggs per 5 plants laid by H. armigera on 

various genotypes of sunflower at different dates of observation during 2008 are given 

in Appendix 1.The analysis of variance of the same (Table 1) reveals significant 

difference among genotypes, various dates of observation and in their interactions. 

The means were compared by DMR Test at P=0.05 (1a and 1b). The specific results 

are given as under:  
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Table 1.Analysis of variance of the data regarding egg counts per 5                                                 

plants laid by Helicoverpa armigera (Hub.) on various genotypes of sunflower at 

different dates of observation during 2008 

 
Source of Variance Degree of 

Freedom 
Mean Square F. Ratio 

Replication 3 17.985 1.73 
Dates of Observation (D) 7 675.771 65.06** 
Genotypes (G) 19 69.323 6.67** 
D X G 133 15.529 1.49** 
Error 477 10.387  

 
         CV= 77.05%. 

  ** = Significant at P < 0.01. 
 

a) Variation in Genotypes 

 The results presented in Table 1a regarding means of eggs count per 5 plants 

laid by H. armigera on various genotypes of sunflower reveal that the genotype OR-

100B showed maximum number of eggs i.e. 7.81 ±0.88 per 5 plants followed by those 

of recorded on G-5 and OR-55B with 5.97±0.88 and 5.91±0.89 eggs per 5 plants, 

respectively and differed significantly from those of observed in all other genotypes. 

The later mentioned figure did not differ significantly with those of recorded on OR-

92B, S-278, H-33, A-11, A-75 and G-55 with 5.41±0.79, 5.41±0.84, 4.84±0.68, 

4.31±0.56, 4.41±0.67 and 5.66±0.57 eggs per 5 plants, respectively.The minimum 

number of eggs laid by the pest was recorded to be 2.31±0.46 per 5 plants on H-38 

and did not show significant difference with those of recorded on G-7, G-32, G-53, 

OR-102B, OR-101, OR-103, A-9, A-79, A-179 and A-60 with 3.03±0.68, 3.19±0.47, 

2.91±0.47, 2.75±0.48, 3.13±0.61, 4.03±0.60, 3.97±0.56, 2.56±0.38, 2.72±0.44 and 

3.34±0.51 per 5 plants, respectively.  In brief, the genotype towards susceptibility in 

descending orders are OR-100B > G-5 > OR-44B > G-55 > OR-92B > S-278 > H-33 

> A-75 > A-11 > OR-103 > A-9 > A-60 > G-32 > R-101 > G-7 > G-53 > OR-102B > 

A-179 > A-79 > H-38. Thus from the results it is concluded that the genotype OR-

100B was found to be comparatively susceptible showing maximum number of eggs 

laid on the plant while H-38 was proved relatively resistant showing the minimum 

number of eggs laid by the pest on the plant. 
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Table1a. Mean comparison of the data regarding egg count per 5 plant laid   by 
Helicoverpa armigera (Hub.) on various genotypes of sunflower during 2008. 
 

Name of Genotypes Means±SE 
A-60 3.34±0.51 def 
G-5 5.97±0.88 b
A-179 2.72±0.44 ef 
A-79 2.56±0.38 ef 
A-9 3.97±0.56 cdef 
OR-103 4.03±0.60 cdef 
OR-101 3.13±0.61 def 
OR-100B 7.81±0.88 a 
OR-44B 5.91±0.89 b 
OR-92B 5.41±0.79 bc 
OR-102B 2.75±0.48 ef 
H-38 2.31±0.46 f 
S-278 5.41±0.84 bc 
H-33 4.84±0.68 bcd 
A-11 4.31±0.56 bcde 
G-53 2.91±0.47 ef 
G-32 3.19±0.47 def 
A-75 4.41±0.67 bcde 
G-55 5.66±0.57 bc 
G-7 3.03±0.68 def 
LSD Value at P = 5% 1.58 
SE + 0.569 

 
      Means sharing similar letters are not significantly different. 

 
b) Variation in Population at Different Dates of Observation 

 The results presented in Table 1 b regarding mean eggs count per 5 plants laid 

by H. armigera on different dates of observation reveal that the maximum number of 

eggs laid was recorded to be 8.94±0.5 per 5 plants on April 27, 2008 and differed 

significantly from those of observed in all other dates of observation. The pest started 

to lay eggs on April 12, 2008 and eggs count increased consequently on the 

subsequent dates of observation and reached to a peak up to 8.94±0.5 per 5 plants. A 

tremendous decrease in egg count was observed there after and reached to a minimum 

of 0.98±0.15 per 5 plants on May 04, 2008. Significant difference was observed in all 

the dates of observation except the eggs count recorded on April 12 and April 15. 

From these results it is concluded that there was only one peak in egg count on April 

27, 2008 and found to be favourable period. 
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Table 1b.Mean comparison of the data regarding egg count per 5        
plants laid by Helicoverpa armigera (Hub.) on different dates of  
observations on sunflower during 2008. 

 
Dates of Observation Means±SE 
April 12 1.20±0.14 fg 
April 15 2.01±0.18 f 
April 18 3.15±0.27 e 
April 21 4.44±0.29 d 
April 24 7.23±0.39 b 
April 27 8.94±0.5 a 
May 01 5.58±0.39 c 
May 04 0.98±0.15 g 
LSD at P = 5% 1.00 
SE ±1.15 
Means sharing similar letters are not significantly different. 

 

4.1.1.2 Larval population count 

 The data pertaining to larval population of H. armigera per 5 plants on various 

genotypes of sunflower at different dates of observation during 2008 are depicted in 

Appendix 2.The analysis of variance of the same (Table 2) reveals significant 

difference (P < 0.01) among dates of observation, genotypes and  their interactions. 

The means were compared by DMR Test at P=0.05 (Tables 2a and 2 b). The specific 

results are given as under: 

Table 2.Analysis of variance of the data regarding larval population of    
Helicoverpa armigera (Hub.) per 5 plants on various genotypes of              
sunflower at different dates of observations during 2008. 

 
Sourc/e of Variance Degree of 

Freedom 
Mean Square F. Ratio 

Replication 3 0.229 0.30 
Dates of Observation (D) 7 78.532 103.25** 

Genotypes (G) 19 12.423 16.33** 
D X G 133 4.223 5.55** 
Error 477 0.761  

      CV= 60.93%. 
      ** = Significant at P < 0.01. 
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a) Variation in genotypes 

 The results presented in Table 2a reveal that the genotype OR-100B showed 

maximum larval population of the pest i.e. 3.16±0.55 per 5 plants and differed 

significantly from those of observed on all other genotypes. This population followed 

by those of recorded on G-5, OR-44B and OR-92B with 2.31±0.48, 2.28±0.45 and 

2.09±0.39 larvae per 5 plants, respectively and did not show significant difference 

with one another. The later mention figure also showed non significant difference 

with those of recorded on A-60 and OR-101 showing 1.78±0.39 and 1.72±0.37 larvae 

per 5 plants, respectively. Non significant difference was also found to exist among 

OR-103, G-55 and G-7 each showing 1.34±0.34 larvae per 5 plants. The minimum 

larval population was recorded to be 0.69±0.19 per 5 plants on G-53 and was 

statistically similar to those of recorded on A-75, G-32, A-11, H-33, S-278, OR-102B, 

A-9, A-79 and A-179 showing 0.84±0.23, 1.0±0.27,  0.91±0.22, 0.94±0.23, 

0.97±0.25,1.13±0.32,1.13±0.32,1.09±0.31and1.09±0.27 larvae per 5 plants, 

respectively. In brief the genotypes ranked in descending order of OR-100B > G-5 > 

OR-44B > OR-92B > A-60 > OR-101 > H-38 > OR-103 > G-55 > G-7 > OR-102B > 

A-9 > A-179 > A-79 > B-32 > S-278 > S-33 > A-11 > A-75 > G-53.  

 Keeping in view the above results three genotypes  (OR-100B, G-5 and OR-

44B) showing susceptible response, three genotypes (G-7, OR-102B and A-9) 

appeared as intermediate and three genotypes (A-11,  A-75 and G-53) showing 

resistant response were selected for final  studies during 2009  with the objective to 

confirm the results obtained during 2008. Various physico and chemical plant 

characters were also observed on these selected genotypes with the aim to determine 

their role in population fluctuation of the pest. 
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Table2a.Mean comparison of the data regarding larval population of   
Helicoverpa armigera (Hub.) per 5 plants on various genotypes of                
sunflower during 2008. 

 
Name of Genotypes Means±SE 

A-60 1.78±0.39 cd 

G-5 2.31±0.48 b 

A-179 1.09±0.27 efg 

A-79 1.09±0.31 efg 

A-9 1.13±0.32 efg 

OR-103 1.34±0.33 cd 

OR-101 1.72±0.37 cd 

OR-100B 3.16±0.55 a 

OR-44B 2.28±0.45 b 

OR-92B 2.09±0.39 bc 

OR-102B 1.13±0.26 efg 

H-38 1.47±0.39 de 

S-278 0.97±0.25 efg 

H-33 0.94±0.23 fg 

A-11 0.91±0.22 fg 

G-53 0.69±0.19 g 

G-32 1.00±0.27 efg 

A-75 0.84±0.23 fg 

G-55 1.34±0.34 def 

G-7 1.34±0.34 def 

LSD Value at P = 5% 0.43 

SE + 0.154 

                     Means sharing similar letters are not significantly different. 

 

 

b)Variation in dates of observations 

 The results (Table 2b) regarding larval population per 5 plants of H. armigera 

on different dates of observation on sunflower crop reveal that the pest population 

was appeared on April 12, 2008. The increasing trend was observed thereafter and the 

larval population reached to a peak level i.e. 3.11±0.26 per 5 plants on May 01, 2008. 

A tremendous decrease was observed thereafter and the population reached down to 
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0.65±0.13 larvae per 5 plants. From these results it is concluded that the last week of 

April was found to be the most favourable which helped to enhance the population. 

Table 2b. Mean comparison of the data regarding larval population 
per 5 plants of Helicoverpa armigera (Hub.) on different dates of 
observations on sunflower during 2008. 

 
Dates of Observation Means±SE 
April 12 0.41±0.09 e 
April 15 0.60±0.18 de 
April 18 0.73±0.13 d 
April 21 1.54 ±0.19c 
April 24 2.08±0.26 b 
April 27 2.33±0.29 b 
May 01 3.11±0.26 a 
May 04 0.65±0.13 de 
LSD at P = 5% 0.27± 
SE + 0.097 

Means sharing similar letters are not significantly different by DMR Test. 
 
 
 

Final Screening Trial 
4.1.2. Eggs count 

 The data regarding eggs count of H. armigera per 5 plants on various 

genotypes of sunflower at various dates of observation during 2009 are presented in 

Appendix 3. The analysis of variance of the same reveals significant difference (P> 

0.01) among dates of observation, genotypes and  their interactions (Table 3).The 

means were compared by DMR Test at P=0.05 (Table 3a and 3b). The specific results 

are given as under: 

Table 3. Analysis of variance of the data regarding eggs count Helicoverpa 
armigera (Hub.) per 5 plants on various genotypes of   sunflower at different 
dates of observations during 2009. 

 
Source of Variance Degree of 

Freedom 
Mean Square F. Ratio 

Replication 3 12.373 8.23 
Dates of Observation (D) 9 750.793 499.12** 
Genotypes (G) 8 298.632 198.53** 
D X G 72 27.117 18.03** 
Error 267 1.504  

   
  CV= 60.93%. 
  ** = Significant at P < 0.01.   
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a) Variation in Genotypes 

 The results presented in Table 3 a reveal that the genotype OR-100B showed 

maximum number of eggs i.e. 9.44±1.64 per 5 plants and differed significantly from 

those of observed on all other genotypes. The genotype G-5 and OR-44B resulted in 

7.55±1.16 and 6.60±1.03 eggs per 5 plants respectively ranked at 2nd place in 

descending position from OR-100B and appeared relatively susceptible to H. 

armigera.The minimum number of eggs was recorded to be 1.70±0.38 per 5 plants on 

G-53 and also showed significant difference with those of observed on all other 

genotypes. The genotype G-7, OR-102B, A-9, A-11 and A-75 resulted in 4.93±0.38, 

4.22±0.38, 3.15±0.49, 2.42±0.49 and 1.72±0.34 numbers of eggs per 5 plants, 

respectively.The genotypes ranked in descending order are as under:  

OR-100B > G-5 > OR-44B > G-7 > OR-102 B > A-9 > A-11 > A-75 > G-53 

          Table 3a. Mean comparison of the data regarding eggs count Helicoverpa 
   armigera (Hub.) per 5 plants on various genotypes of  sunflower    
    during 2009. 
 

Name of Genotypes Means±SE 

OR-100B 9.44±1.64 a 

G-5 7.55±1.16 b 

OR-44B 6.60±1.03 c 

G-7 4.93±0.83 d 

OR-102B 4.22 ±0.77e 

A-9 3.15±0.49 f 

A-11 2.42±0.49 g 

A-75 1.72±0.34 h 

G-53 1.70±0.38 i 

LSD Value at P = 5% 0.539 

SE + 0.1939 

Means sharing similar letters are not significantly different. 

b)  Variation in dates of observations 

 The results given in Table 3 b reveal that the number of eggs was recorded on 

April 06 i.e. 0.25±0.12 per 5 plants and the eggs count was increased thereafter on the 

subsequent dates of observation and reached to a peak with 14.38±1.45 eggs per 5 

plants on April 21, 2009. The eggs count was decreased there after on the subsequent 

dates of observation till it reached to a minimum of 0.92±0.24 per 5 plants on May 04, 
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2009. All the dates of observation differed significantly with one another except the 

eggs count recorded on April 09, April 12 and May 04. From these results only one 

peak was observed during the season on April 21 which showed maximum egg laying 

of the pest on the crop. 

Table3b. Mean comparison of the data regarding egg count per 5 plants 
laid by Helicoverpa armigera (Hub.) on different dates of observations on 
sunflower during 2009. 

 
Dates of Observation Means±SE 

April 06 0.25±0.12 h 

April 9 0.89±0.21 g 

April 12 1.47±0.26g 

April 15 2.39±0.42 f 

April 18 5.44±0.60 d 

April 21 14.38±1.45 a 

April 24 9.44±1.02 b 

April 27 7.14±0.89 c 

May 01 4.03±0.49 e 

May 04 0.92±0.24 g 

LSD at P = 5% 0.569 

SE = + ±0.204 

Means sharing similar letters are not significantly different by DMR Test 
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4.1.2.2 Larval count 

The data pertaining to larval population of H. armigera per 5 plants on various 

genotypes of sunflower at different dates of observation during 2009 are given in 

Appendix 4. The analysis of variance of the same reveals significant variation (P > 

0.01) among genotypes, dates of observation and  their interactions (Table 4).The 

means were compared by DMR Test at P=0.05 (Table 4a and 4b).The detailed results 

are given as under: 

Table4.Analysis of variance of the data regarding larval population of    
Helicoverpa armigera (Hub.) per 5 plants on various genotypes of sunflower at 
different dates of observations during 2009. 

 
Source of Variance Degree of 

Freedom 
Mean Square F. Ratio 

Replication 3 0.950 1.10 
Dates of Observation (D) 9 153.058 175.86** 
Genotypes (G) 8 48.669 55.92** 
D X G 72 3.336 3.83** 
Error 267 0.870  
     CV= 39.93%. 
     ** = Significant at P < 0.01. 
 

 

 

a)   Variation in genotypes 

 The results shown in (Table 4 a) reveal that the genotype OR-100B had 

maximum larval population i.e. 4.43±0.63  per 5 plants and differed significantly 

from those of recorded on all other genotypes. The genotype G-5 and OR-44B 

showed 3.45±0.53  and 3.17±0.51  larvae per 5 plants, respectively and did not 

show significant difference with each other. These genotypes were found less 

susceptible after OR-100B.The minimum population of the pest was recorded to 

be 1.12±0.25 per 5 plants on A-11 and also showed non significant difference with 

those of observed on A-75 with 1.42±0.32 larvae per 5 plants. The later mentioned 

figure also showed non significant difference with those of recorded on G-53, A-9 

and OR-102B with1.70±0.34, 1.73±0.33 and1.75±.34 larvae per 5 plants, 

respectively. The genotype G-7 showed 2.25±0.38 larvae per 5 plants and differed 

significantly from those of observed in all other genotypes.  From these results it 

was observed that the genotype OR-100B was susceptible showing maximum 
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larval population whereas A-11appeared as comparatively resistant with minimum 

population of the pest. 

Table4a. Mean comparison of the data regarding larval population of              

Helicoverpa armigera (Hub.) per 5 plants on various genotypes of 

 sunflower during 2009. 

 
Name of Genotypes Means±SE 
OR-100B 4.43±0.63 a 
G-5 3.45±0.53 b 
OR-44B 3.17±0.51 b 
G-7 2.25±0.38 c 
OR-102B 1.75 ±.34d 
A-9 1.73±0.33 d 
A-11 1.12±0.25 e 
A-75 1.42±0.32 de 
G-53 1.70±0.34 d 
LSD Value at P = 5% 0.432 
SE  ±0.155 

                    Means sharing similar letters are not significantly different. 

b) Variation in Dates of Observation 

The results shown in Table 4b reveal that the population appeared on April 06 

with 0.06 larvae per 5 plants and the increasing trend was observed in this population 

thereafter and reached to a peak on April 24 with 5.64±0.59 larvae per 5 plants.The 

population was decreased thereafter on the subsequent dates of observation and 

reached to a minimum level of 0.94±0.18 per 5 plants on May 04, 2009. From these 

results it is concluded that the 3rd week of April was found to be very favourable for 

the development of the pest.  

Table 4b. Mean comparison of the data regarding larvae counts per 5   
plants laid by Helicoverpa armigera (Hub.) on different dates of 
observations on sunflower during 2009. 

 

Dates of Observation Means±SE
April 06 0.06±0.05 f 
April 19 0.31±0.13 f 
April 12 0.75±0.16 e 
April 15 1.25±0.27 d 
April 18 2.47±0.37 c 
April 21 4.67±0.54 b
April 24 5.64±0.59 a
April 27 4.97±0.51 b 
May 01 2.31±0.69 c 
May 04 0.94±0.18 de 
LSD  0.432 
SE + ±0.155 
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Means sharing similar letters are not significantly different by DMR Test. 

4.1.3 Host Plant Susceptibility Indices 

 Host plant susceptibility indices were determined based on eggs count and 

larval population of H. armigera on sunflower plant during 2008, 2009 and on an 

average basis of 2008 and 2009 separately. An IPM compatible computer was used 

with the help of excel software.The specific results are given as under:  

4.1.3.1 HPSI Based on Eggs Count during 2008 

 The results regarding eggs count per 5 plants on different genotypes of 

sunflower during 2008 are presented in Fig 1. It is evident from the results that OR-

100B showed maximum HPSI i.e. 19 percent followed by G-5 and OR-44B with 15 

percent and 14 percent HPSI, respectively. The HPSI on G-53, OR-102B and G-7 was 

found to be the minimum each showing 7 percent HPSI and proved the resistant 

genotypes. The genotypes A-75, A-11 and A-9 had 11 and 10 percent HPSI, 

respectively and placed as intermediate. From these results the genotype OR-100B 

was comparatively susceptible whereas G-53, OR-102B and G-7 were relatively 

resistant.  

 

   Fig.1. Graphical presentation of egg count per 5 plants on different genotypes 
 of sunflower during 2008. 
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HPSI Based on Eggs Count during 2009 

 HPSI regarding egg counts per 5 plants on different genotypes of sunflower 

during 2009 are presented in Fig 2. It is evident from the results that the genotype 

OR-100B showed maximum HPSI i.e. 22 percent and followed by those of found on 

G-5 and OR-44B with 18 and 16 percent HPSI, respectively. The minimum HPSI was 

recorded to be 4 percent each in G-53 and A-75 and appeared relatively resistant.  The 

genotype A-11, A-9, OR-102B and G-7 showed 6,8,10 and 12 percent HPSI, 

respectively and categorized as intermediate. From these results it is concluded that 

OR-100B was appeared as susceptible whereas G-53 and A-75 was found 

comparatively resistant.  

Fig.2. Graphical presentation of egg count per 5 plants on different                             
genotypes of sunflower during 2009.  
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b) Average of HPSI based on  eggs count per 5 plants 2008 and 2009 

The results regarding HPSI based on eggs count per 5 plants on different 

genotypes of sunflower during 2008 and 2009 (average basis) are shown in Fig 3. It is 

evident that OR-100B showed maximum HPSI i.e. 21 percent followed by 16 and 15 

percent in genotypes G-5 and OR-44B, respectively. The minimum HPSI was 

recorded to be 6 percent on G-53 and proved comparatively resistant. The other 
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genotype viz. A-75, A-11, A-9, OR-102B and G-7 possessed 7, 8, 9, 8 and 10 percent 

HPSI, respectively.  

Fig.3. Graphical presentations of average eggs count per 5 plants on  
    different genotypes of sunflower during 2008 and 2009. 
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4.1.3.2 HPSI based on larval population 

a) During 2008 

The results regarding HPSI based on larval population per 5 plants on different 

genotypes of sunflower during 2008 are depicted in Fig 4. The results reveal that t he 

genotype OR-102B possessed maximum HPSI i.e. 22 percent followed by those of 

recorded on OR-100B and  G-5 which showed 21 and 16 percent HPSI, respectively.  

The minimum HPSI was calculated to be 5 percent on genotype G-53 and was found 

comparatively resistant. The other genotypes viz., A-75, A-11, A-9, G-7 and OR-44B 

showed 6,6,8,9 and 7 percent HPSI, respectively and categorised as intermediate.  
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Fig.4. Graphical presentation of larval population per 5 plants on different 
   genotypes of sunflower during 2008 
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b) During 2009 

 The results pertaining to HPSI based on larval population per 5 plants on 

different genotypes of sunflower during 2009 are shown in Fig 5. It is evident from 

the results that OR-100B showed maximum HPSI i.e. 21 percent followed by those of 

observed on G-5 and OR-44B with 17 and 15 percent HPSI, respectively. The 

minimum HPSI was recorded to be 5 percent on A-11 and appeared as comparatively 

resistant. The genotypes G-53, A-75, A-9, OR-102 B and G-7 showed 8, 7, 8, 8, and 

11 percent HPSI, respectively and categorized as intermediate.  

 

 

 

 

 

 



49 
 

Fig.5. Graphical presentation of larval population per 5 plants on different       
genotypes of sunflower during 2009.  
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c) Average of 2008 and 2009 

 The results on HPSI based ion larval population per 5 plants on different 

genotypes of sunflower calculated for 2008 and 2009 (average basis) are presented in 

Fig 6. It is evident from the results that the genotype OR-100B appeared as 

susceptible showing maximum HPSI i.e. 21 percent followed by those of observed on 

G-5 and OR-102B with 16 and 14 percent HPSI, respectively. The minimum HPSI 

was recorded to be 6 percent each in A-75 and A-11 and appeared as resistant based 

on larval population. The genotypes G-53, A-9, G-7 and OR-44B with 7 percent, 8 

percent, 10 percent and 12 percent HPSI, respectively were categorised as 

intermediate.  
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Fig.6. Graphical presentation of average larval population per 5 plants on   
different genotypes of sunflower during 2008 and 2009. 
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  Twenty genotypes of sunflower viz. A-60, G-5, A-179, A-79, A-9, OR-103, 

OR-101, OR-100B, OR-44B, OR-92B, OR-102B, H-38, S-278, H-33, A-11, G-53, G-

32, A-75, G-55 and G-7 were sown in the experimental area of Post Graduate 

Agricultural Research Station, Faisalabad during 2008 for their 

resistance/susceptibility against H. armigera . The data were recorded on the number 

of eggs laid by the pest and larval population on per 5 plant basis. From these studies 

based on larval population per 5 plants, three genotypes showing resistance (A-11, A-

75, G-53), three showing intermediate (G-7, OR-102B, A-9) and three having 

resistance response (OR-100B, G-5, OR-44B) were selected for final screening during 

2009 in the same experimental area.The results are summarized as under: 

 In the preliminary screening trial, the maximum egg laying and larval 

population was recorded to be 7.81 and 3.16 per 5 plants, respectively on genotype 

OR-100B whereas minimum egg lying was recorded to be 2.31 per 5 plants on H-38 

and minimum larval population was recorded to be 0.69 per 5 plants on G-53. The 
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peak eggs count per 5 plants (8.94) was observed on April 27, whereas peak larval 

population per 5 plants (3.11) was found on May 01, 2008. In final screening 

experiment the genotype OR-100B was proved comparatively susceptible showing 

significantly maximum eggs count i.e. 9.44 per 5 plants and maximum larval 

population per 5 plants i.e. 4.43. The minimum egg count was recorded to be 1.70 per 

5 plants on genotype G-53 while minimum larval population was recorded to be 1.12 

per 5 plants on A-11.  

 The eggs count was recorded to be its peak level (14.38 per 5 plants) on April 

21 during 2009 whereas, larval population at its peak was recorded to be 5.64 per 5 

plants on April 24 during 2009 and thus there was only one peak both for eggs count 

and larval population during the crop season. Based on eggs count, the genotype OR-

100B showed maximum HPSIs  i.e. 19, 22 and 21 percent during 2008., 2009 and on 

average basis, respectively and was found to be a susceptible genotype whereas  the 

minimum  HPSI i.e. 7 percent each  on genotype G-53, OR-102B and G-7 during 

2008, 4 percent each  on G-53 and A-75 during 2009 and on average basis of both the 

study years, the minimum HPSI was observed to be 6 percent on G-53. 

 Based on larval population of H. armigera, the genotype OR-102B showed 

maximum HPSI i.e. 22 percent during 2008; OR-100B showed 21 percent HPSI 

during 2009 and on average of both the study years the maximum HPSI was recorded 

to be 21 percent on OR-100B. Thus OR-100B proved to be a susceptible genotype. 

The minimum HPSI was observed to be 5 percent on G-53, during 2008, 5 percent on 

A-11 during 2009 and on average basis of both the study years the minimum HPSI 

was recorded to be 6 percent each on A-11 and A-75. Thus based on larval population 

per 5 plants the genotype A-75 and A-11 was found to be comparatively resistant. 

4.2 Role of weather in the expression of resistance based on egg count  and larval 
population of H. armigera.   
 The data so obtained regarding eggs count and larval population of H. 

armigera per 5 plants at various dates of observation during both the study years and 

as well as on cumulative basis were subjected to simple correlation and multiple 

linear regression analysis of variance with the ambient weather factors (maximum, 

minimum and average temperatures, relative humidity and rainfall) to determine the 

role of these factors on the fluctuation in egg counts and larval population of the pest.  

The results are described under the following sub-sections.  
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4.2.1 Effect of weather factors on egg count of H. armigera 

a) Simple Correlation 

 The results regarding correlation coefficient values between eggs count of  

H. armigera per 5 plants and various weather factors during 2008, 2009 and on 

cumulative basis of both the study years are given in Table 5. The results reveal that 

maximum temperature during 2009 showed significant and positive correlation 

(0.514**) with the egg counts of H. armigera.whereas, on cumulative basis relative 

humidity and rainfall had negative and significant correlation with the eggs count with 

r-values of -0.525** and -0.479*, respectively. Maximum temperature during 2008 

and on cumulative basis, minimum and average temperature during 2008, 2009 and 

on cumulative basis, relative humidity and rainfall during 2008 and 2009 had non 

significant correlation with the egg counts of the pest described under the following 

sub-sections.  

4.2.1Fluctuation in egg count and larval population versus weather factors 

i) The results regarding the fluctuation and eggs count in larval population of 

H. armigera at various dates of observation during both the study 

years.The results regarding the fluctuation and eggs count in larval 

population of H. armigera at various dates of observation during both the 

study years individually as given in table 1b to 4b. The results are 

described as under: Number of Eggs Versus Weather Factor During 2008 

ii) The results given in table1b revealed an increasing trend in number of eggs 

was observed from April 12 to April 27. The number of eggs decreased on 

subsequent the dates of observation. Furthermore, the peak in number of 

eggs was observed at maximum temperature of 39.83Ċ., minimum of 

20.83 and average temperature of 30.33Ċ with 18.00 RH and found to be 

the most favourable period for the development of the pest.  

iii) Number of Larvae versus Weather Factor during 2008. 

 

 The results presented in table 2b reveal that the larval population started to 

increase continuously from April 12 to May 01 and a tremendous decrease was 

observed thereafter. There was only one peak during May 01 with 3.11 larvae per 

plant at maximum temperature of 41oC, minimum of 21.37oC and average 
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temperature of 31.19oC with 15 percent RH and these weather conditions were found 

to be the most favourable for the development of the larval population of the pest.   

iv) Number of eggs versus weather factors during 2009. 

 

The results presented in table 3b reveal that there was only one peak observed on 

April 21 with maximum number of eggs (14.38 per 5 plants) at maximum temperature 

of 37.5Ċ, minimum of 22.33Ċ and average of 29.91 with 29 percent RH and these 

weather conditions were found to be favourable for the development of the pest 

during 2009. 

 

v) Larval population versus weather factors during 2009 

 The results pertaining to a comparison with the larval population of the pest 

and various weather factors are given in table 4b. It is evident that a maximum larval 

population was recorded to be 5.64 per 5 plants on April 24, 2009. There was only 

one peak observed during the crop season. This highest peak was observed at a 

maximum temperature of 34.83Ċ, minimum of 18.5Ċ and average temperature of 

26.66Ċ with 28 percent RH and these weather conditions were found to be the most 

favourable for the development of the larval population during 2009.  

 

Table 5.Correlation coefficient values between egg counts of Helicoverpa  
  armigera per 5-plants and various weather factors during 2008,  
 2009 and on cumulative basis. 

 
Years Temperature oC RH 

(%) 
Rainfall 
(mm) Maximum Minimum Average 

2008 0.336 0.093 -0.004 -0.413 -0.340 
2009 0.514** 0.223 0.179 -0.565 -0.386 

Cumulative 0.385 0.195 0.101 -
0.525** 

-0.479* 

* = Significant at P < 0.05. 
** = Significant at P < 0.01. 

b) Multiple Linear Regression Models 

 The results regarding multiple linear regression analysis along with coefficient 

determination values between eggs count of H. armigera and weather factors during 

2008, 2009 and on cumulative basis are presented in Table 6.  It is evident from the 

results that during 2008, rainfall had maximum impact i.e. 12.6 percent in per unit 

change of eggs count of H. armigera followed by minimum temperature and 
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maximum temperature with 11.9 and 11.3 percent impact, respectively. None of the 

regression equation was good fitted as non significant of the results. During 2009, 

maximum temperature showed maximum impact i.e. 19.1 percent in per unit change 

of eggs count followed by minimum temperature, average temperature and relative 

humidity with 9.6, 6.8 and 5.2 percent role in fluctuation of eggs count, respectively. 

The R2 value was observed to be 0.876 when the effect of all the weather factors 

computed together in which the relative humidity showed negative and significant 

impact on per unit change in eggs count. The regression model was found to be fitted 

good while the effect of weather factors excluding rainfall showed coefficient of 

determination value 0.875 and the regression equation was found to be fitted the best. 

On cumulative basis of both the study years maximum temperature exerted the 

highest impact i.e. 14.8 percent on the eggs count of H. armigera, followed by 

minimum temperature, relative humidity and rainfall with 8.3, 8.0 and 3.6 percent 

impact, respectively on per unit variation of eggs count, respectively. None of the 

model was found to be fitted the good. On an overall basis it is evident from the 

results that the maximum temperature is the most important factor which contributed 

maximum role in per unit change of egg count of H. armigera on sunflower crop. 
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Table 6. Multiple linear regression analysis along with coefficient of 
determination among egg counts of Helicoverpa armigera and weather factors 
during 2008, 2009 and on cumulative basis. 
 

 Regression Equation R2 Impact 
(%) 

F. 
Value 

SE 

2008 
Y = -1.518+0.591X1 0.113 11.3 0.76  

+0.689
Y = -0.516+1.523X1-1.458X2 0.232 11.9 0.75   

+0.711
Y = -0.569+1.520X1-1.417X2-0.234X3 0.233 12 0.40 +0.794
Y = -2.944+1.963X1-1.613X2-0.293X3+0.122X4 0.233 12 0.23   

+0.917
Y = 7.546-0.464X1-0.743X2+0.118X3-0.377X4-

0.223X5 
0.359 24.6 1.35   

+0.795
2009 
Y = -4.418+1.101X1 0.191 19.1 1.89  

+0.929
Y= -4.414+2.644X1-2.036X2 0.287 9.6 1.41  

+0.933
Y = -6.678+29.084X1+16.953X2-45.579X3 0.355 16.4 1.10 +0.958
Y = 25.325+25.228X1+2.184X2-49.528X3-

1.619**X4 
0.875 68.4 8.73 +0.463

Y = 24.913+25.736X1+2.237X2-50.393X3-
1.632**X4-0.360X5 

0.876 68.5 5.65 +0.515

Cumulative 
Y = -2.888+0.830X1 0.148 14.8 2.78 +0.794
Y= -2.349+1.933X1-1.578X2 0.231 8.3 2.25 +0.779
Y = -2.347+1.933X1-1.590X2+0.107X3 0.23 8.2 1.40 +0.806
Y = 7.611-0.0215X1-0.703X2+0.101X3-0.482X4 0.311 16.3 1.47 +0.792
Y = 7.546-0.0464X1-0.743X2+0.118X3-0.377X4-

0.223X5 
0.247 9.9 5.24 +0.644

 
 

Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
X1 = Maximum Temperature (oC) 
X2 = Minimum Temperature (oC) 
X3 = Average Temperature (oC) 
X4 = Relative Humidity (%) 
X5 = Rainfall (mm) 

  

4.2.2 Effect of weather factors on larval population  

a) Simple correlation 
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 The results regarding correlation coefficient values between larval population 

of H. armigera per 5 plants and weather factors during 2008, 2009 and on cumulative 

basis are depicted in Table 7. It is evident from the results that maximum temperature 

on cumulative basis resulted in significant and positive correlation with the larval 

population of H. armigera. The r-value was found to be 0.497*. Relative humidity 

during 2009 and on cumulative basis exerted significant   (P < 0.01) and negative 

correlation with the larval population of the pest showing r-values of 0.860 and 0.576, 

respectively. All the other factors had non significant correlation on larval population 

of the pest.  

Table7.Correlation coefficient values between larval population of   
 Helicoverpa armigera per 5-plants and various weather factors  
 during 2008, 2009 and on cumulative basis. 

 

Years Temperature oC RH (%) Rainfall 
(mm) Maximum Minimum Average 

2008 0.517 0.223 0.179 -0.565 -0.386 
2009 0.527 0.243 0.427 -0.860** -0.579 

Cumulative 0.497* 0.223 0.220 -0.576** -0.444 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 

c) Multiple Linear Regression Models  

 The results relating to multiple linear regression equations along with 

coefficient of determination values between larval population of H. armigera and 

weather factors during 2008, 2009 and on cumulative basis are given in Table 8. It is 

evident from the results that maximum temperature showed the highest impact i.e. 

26.4 percent in per unit change of larval population during 2008 followed by 

minimum temperature and relative humidity with 14.6 and 6.7 percent impact in per 

unit change of larval population of H. armigera, respectively. None of the model was 

found to be fitted the best. However, on cumulative basis the coefficient of 

determination values was found to be 0.491 when the effect of the entire weather 

factors was computed together.  During 2009, the relative humidity was found to be 

the most important factor which showed 39.3 percent impact on the population 

fluctuation of the pest followed by maximum temperature and minimum temperature 

which had 27.60 and 25.4 percent role in per unit change of larval population of the 

pest, respectively. The coefficient of determination value was calculated to be 0.957 

when maximum minimum and average temperature and relative humidity were 
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computed together. In this model average temperature and relative humidity had 

significant and negative impact on the pest population. The regression model was 

found to be fitted the best. A minor increase was observed thereafter when the effect 

of rainfall was computed with all the other factors in which the relative humidity had 

negative and significant impact on the fluctuation in larval population of the pest and 

the model was fitted the best. 

 Furthermore, on cumulative basis of both the study years’ maximum 

temperature was found to be the most important resulted in 24.7 percent impact in 

population change followed by 18.4 percent for minimum temperature. The 

coefficient of determination value was found to be 0.446 when all the temperature 

ranges were computed together. In this model maximum temperature and minimum 

temperature showed significant impact on the pest population and the regression 

equation was fitted well. Similar trend was also observed in the previous two models. 

The fitness of the models was not good when the effect of relative humidity and 

rainfall was added with the other factors. The coefficient of determination value was 

observed to be 0.481 when all the effect of all the factors was computed together.  
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Table8. Multiple linear regression analysis along with coefficient of 
determination among larval population of Helicoverpa armigera and weather 
factors during 2008, 2009 and on cumulative basis. 

 

  Regression Equation R2 Impact 
(%) 

F. 
Value 

SE 

2008 
Y =  5.424+1.152X1 0.264 26.4 2.15   

+0.808 
Y =  -4.015+2.463X1-2.050X2 0.410 14.6 1.73 +0.793 
Y =  -3.808+2.475X1-2.212X2+0.0925X3 0.422 15.8 0.97   

+0.878 
Y =  -51.467+11.363X1-6.150X2-

0.025X3+2.451X4 
0.489 22.5 0.72 +0.952 

Y =  0.264+1.630X1-1.883X2+0.170X3-0.111X4-
0.125X5 

0.481 21.7 2.22    
0+.617 

2009 
Y =  -3.395+0.844X1 0.277 27.7 3.07  

+0.560 
Y=  ‐3.391+2.442*X1‐2.108X2  0.531  25.4  3.96  +0.482 
Y =  ‐4.403+14.255X1+6.376X2‐20.364X3  0.564  28.7  2.59    

+0.502 
Y =  13.338+12.118X1+9.087X2‐22.554*X3‐

0.925**X4 
28.15  .45  0.957     

+0.172 
Y =  13.450+11.981X1+8.981X2‐22.322X3‐

0.935**X4+0.00968X5 
0.958  68.1  18.12    

+0.191 
Cumulative

Y=  ‐3.942 + 0.923*X1  0.247 24.7  5.24 

+0.644 
Y =  ‐3.248+2.343**X1‐2.031*X2  0.431  18.4  5.67   

+0.578 
Y=  ‐3.229+2.337**X1‐2.175*X2+0.129X3  0.446  19.9  3.76   +          

0.590 

Y =  0.301+1.644X1‐1.860X2+0.161X3‐0.1709X4  0.460  21.3  2.77     

+0.605 
Y =  0.264+1.630X1‐1.883X2+0.1709X3‐0.111X4‐

0.125X5 
0.481  23.3  2.22  +      

0.617 

 

Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
X1 = Maximum Temperature (oC) 
X2 = Minimum Temperature (oC) 
X3 = Average Temperature (oC) 
X4 = Relative Humidity (%) 
X5 = Rainfall (mm) 
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 The data relating to eggs count and larval population of H. armigera per 5 

plants at various dates of observation during 2008 and 2009 and ambient weather 

factors were computed for simple correlation, multiple linear regression and analysis 

of variance for each year and on cumulative basis of both the study years.  The 

objective of these studies was to find the role of weather factors in the population 

fluctuation of the pest. The results are summarized as under:  

 During 2008, maximum temperature showed positive and significant (P < 

0.01) correlation with the eggs count of H. armigera while on cumulative 

basis of both the study years, relative humidity (r= -0.525**) and rainfall (r=-

0.479*) exerted negative and significant correlations with the eggs count.  

 During 2008, the  rainfall; during 2009 and on cumulative basis of both the 

study years,the maximum temperature were very important showing 

maximum per unit change in fluctuation of eggs count of H. armigera i.e. 

12.6, 19.1 and 14.8 percent, respectively. 

 In case of larval population, relative humidity during 2009 andon cumulative 

basis of both the study years showed negative and significant effect   (P < 

0.01) on  the larval population of the pest. The maximum temperature exerted 

positive and significant correlation (P< 0.05) with the larval population of the 

pest on cumulative basis of both the study years.  

 Maximum temperature during 2008, relative humidity during 2009 and 

maximum temperature on cumulative basis of both the study years had 

maximum impact i.e. 26.4, 39.3 and 24.7 percent, respectively in per unit 

change on the larval population of the pest.    

4.3   Phenotypic and Bio-chemical Plant Characters 

 Various physical (plant height, hair density on midrib, vein and lamina, 

thickness of leaf lamina, leaf area, head diameter and yield per head) and chemical 

plant characters (ADF, NDF, cellulose, hemi-cellulose, lignin, total ashes, crude 

protein, magnesium, phosphorus, calcium, potassium copper, zinc and manganese 

were determined in the leaves of various genotypes of sunflower with the objective to 

find their variation in different genotypes. The data on these factors as independent 

variables and the data on larval population and eggs count of the pest (as dependent 

variables) were subjected to simple correlation and multiple linear regression of 

variance. The objectives of these studies were to find out correlations between these 
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factors and to determine the impact of weather factors on the fluctuation of eggs count 

and larval population of the pest. The results are described under the following sub-

sections:  

4.3.1 Physical Plant Characters versus Genotypes  

The data regarding various physical plant characters (plant height, hair density on 

midrib vein and lamina, thickness of leaf lamina. Leaf area, head diameter and yield 

per head) in different selected genotypes of sunflower are depicted in Appendix 6. 

The specific results are given as under:  

i) Plant Height  

The results (Table 9, Column A) reveal significant difference (P < 0.01) among 

genotypes regarding plant height. The means were compared by DMR Test at P=0.05. 

It is evident from the results that the genotype A-75 showed maximum plant height 

i.e. 160.58 cm and did not show significant difference with those of found on OR-

102B with 160.22 cm plant height. The minimum plant height was recorded to be 

127.97 cm on OR-100B and showed significant difference with those of found on all 

other genotypes. The genotypes viz. A-11, G-53, A-9, G-7, OR-44B and G-5 had 

156.49, 150.09, 145.39, 141.83, 133.08 and 131.20 cm plant height, respectively and 

differed significantly with one another.     

ii) Hair Density 

a) Hair Density on Midrib   

 The results regarding hair density on midrib are given in Table 9, Column B.  

It is evident from the results that genotypes differed significantly with one another at 

P > 0.01. The means were compared by DMR Test at P=0.05. The maximum hair 

density was recorded to be 66.92 per cm on leaf midrib of genotype G-53 and did not 

show significant difference with those of recorded on A-75, A-11, A-9 and G-5 with 

63.45, 60.11, 55.38 and 52.61 per cm, respectively. The minimum hair density was 

observed to be 35.32 per cm on the leaves of G-7 and also showed non significant 

difference with those of recorded on OR-100B, OR-102B and OR-44B with 36.70, 

39.79 and 39.37 per cm, respectively.     

b) Hair Density on Vein 

 Significant variation (P < 0.01) was found to exist among genotypes regarding 

hair density on vein (Table 9 column C).  It is evident from the results that A-11 and 

G-53 each possessed maximum number of hair on vein i.e. 61.96 per cm and did not 
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show significant difference with each other and differed significantly from those of 

observed on all other genotypes. The genotype OR-44B possessed minimum number 

of hair on leaf vein i.e. 29.74 per cm and also showed significant difference with those 

of recorded on all other genotypes.  Non significant difference was found to exist in 

between G-5 and G-7 showing 44.59 and 46.73 hair density per cm, respectively. 

Similarly the genotype A-75 and A-9 possessed 52.64 and 50.31 number of shairs on 

vein per cm and did not differ significantly with each other.  The genotype OR-102B 

and OR-100B had 41.48 and 38.00 hair density on vein per cm respectively and 

differed significantly with each other as well as with those of found in all other 

genotypes. 

c) Hair Density on Leaf Lamina  

 The results (Table 9, Column D) regarding hair density on leaf lamina on 

different genotypes of sunflower reveal significant differences (P < 0.01).The means 

were compared by DMR Test at P=0.05.  It is evident from the results that the 

genotype A-75 possessed maximum number of hair i.e. 259.13 per cm2 on leaf lamina 

and differed significantly from those of observed on all other genotypes. The 

minimum hair density on leaf lamina was recorded to be 202.52 per cm2 in genotype 

OR-44B and also differed significantly from those of observed in all other genotypes. 

The genotypes viz. A-11, G-53, OR-100B, A-9, G-7, OR-102B and G-5 showed 

250.13, 241.79, 229.04, 220.51, 217.61, 211.48 and 210.78 cm2 hair density on leaf 

lamina, respectively. The genotype OR-102B was at par statistically with those of G-7 

and G-5. Non significant differences were also found to exist among G-7, OR-102B 

and A-9.  

iii) Thickness of Leaf Lamina  

 Variation was found to be significant among genotypes regarding thickness of 

leaf lamina (Table 9, Column E). The genotype OR-100B showed maximum 

thickness of leaf lamina i.e. 242.50 um and differed significantly from those of 

observed on all other genotypes. The thickness of leaf lamina was recorded to be 

214.90 um on genotype A-11 and did not show significant difference with those of 

found on A-75 with 215.53 um. The later mentioned figure also showed non 

significant difference with those of recorded on A-9 showing 217.73 um thickness of 

leaf lamina. Non significant difference was also found to exist in between OR-44B 

and G-7 with 231.94 and 231.20 um thickness of leaf lamina, respectively. The 

genotype G-5 and OR-102B possessed 238.12 and 221.24 um thickness of leaf 
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lamina, respectively and differed significantly with each other. The minimum 

thickness of leaf lamina was recorded to be 211.53 um on genotype G-53 and 

differed significantly from those of found on all other genotypes.    

a. Leaf Area 

 The results presented sin Table 9, Column F regarding leaf area on different 

genotypes of sunflower revealed significant difference (P > 0.01). The means were 

compared by DMR Test at P=0.05. The genotype OR-100B showed maximum, leaf 

area i.e. 98.84 cm2 and differed significantly from those of observed on all other 

genotypes. The minimum leaf area was observed to be 54.13 cm2 on OR-44B and 

also showed significant variation with those of found on all other genotypes. The 

other genotypes viz. G-7, OR-102B, G-5, A-75, A-9,  A-11 and G-53 possessed 

91.21, 90.97, 88.71, 81.29, 78.31, 75.59 and 61.81 cm2 leaf area, respectively and 

differed significantly with one another except G-7 and OR-102B.  

b. Head Diameter 

Differences were found to be significant among genotypes regarding head 

diameter (Table 9, Column G). It is evident from the results that the genotype G-53 

showed maximum head diameter i.e. 23.97 cm and did not show significant difference 

with those of observed on OR-102B, G-7, A-11, OR-44B and A-75 with 23.78, 23.47, 

23.09, 22.05 and 21.52 cm head diameter, respectively. The minimum head diameter 

was recorded to be 14.84 cm on genotype OR-100B and did not show significant 

difference with those of recorded on A-9 showing 16.69 cm head diameter. The later 

mentioned figure also showed non significant variation with those of recorded on G-5 

having 18.32 cm head diameter.  

c. Yield Per Head 

 The results (Table 9, ColumnH) regarding grain yield per head in different 

genotypes of sunflower revealed significant differences (P > 0.01). The means were 

compared by DMR Test at P=0.05. It is evident from the results that maximum grain 

yield was recorded to be 70.659 gram per head on genotype OR-102B and did not 

show significant difference with those of recorded on G-53, G-7, A-11 and OR-44B 

showing 69.72, 68.43, 67.03 and 64.78 grams per head, respectively. The minimum 

grain yield was observed to be 39.25 grams per head on genotype OR-100B and 

showed non significant difference with those of recorded on A-9 having 44.57 gram 

per head grain yield. The genotype A-75 showed 61.86 grams grain yield per head 
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and did not differed significantly with those of found on A-11 and OR-44B. The grain 

yield per head was recorded to be 50.83 grams on genotype G-5 and differed 

significantly from those of observed on all other genotypes. 

 

 

Table 9.Means comparison regarding physico-morphological plant factors in      
selected genotypes of sunflower. 
 

Means sharing similar letters are not significantly different by DMR Test., Significant at P < 0.01 ** =                                           

.Physico-Chemical Plant Characters 

4.3.2. Chemical plant characters in genotypes  
  

 The data relating to various chemical plant characters viz. ADF, NDF, 

Cellulose, Hemi-cellulose, Lignin, Total Ashes, Crude Protein, Magnesium, 

Phosphorus, Calcium, Potassium, Copper, Zinc and Manganese are presented in 

appendix 7. The specific results are given as under:  

ADF   

    The results regarding acid detergent fibre (ADF) in different genotypes of 

sunflower are presented in Table 10, Column A. It is evident from the results that 

genotypes differed significantly with one another. The maximum ADF contents was 

recorded to be 18.46 percent  in the leaves of genotype A-75 and did not show 

significant difference with those of recorded in the leaves of A-9 i.e. 18.08 percent. 

The minimum ADF contents was found to be 8.45 percent in the leaves of genotype 

G-7 and differed significantly from those of observed in the leaves of all other 

genotypes.  Non significant difference was found to exist in between genotypes OR-

Genotypes Plant 
Height 
(cm) 

Hair Density  Thickness 
of Leaf 
Lamina 
(µm) 

Leaf 
Area 
(cm2) 

Head 
Diameter 

Yield/
Head 
(gms) 

Midrib 
(cm‐1) 

 Vein 
 (cm‐1) 

Lamina 
(cm‐2) 

OR-100B 127.975 h 36.700 c 38.007 e 229.040  242.505 a 98.843 a 14.84 c 39.255 d 
G-5 131.202 g 52.610 ab 44.598 c 210.780 g 238.125 b 88.717 c 18.32 b 50.838 c 
OR-44B 133.088 f 39.372  bc 29.740 f 202.527 h 231.940 c 54.132 h 22.05 a 64.78 ab 
G-7 141.835 e 35.320 c 46.730 c 217.613 ef 231.202 c 91.213 b 23.47 a 68.435 a 
OR-102B 160.222 a 39.795 bc 41.480 d 211.5 fg 221.240 d 90.978 b 23.78 a 70.690 a 
A-9 145.395 d 55.382 a 50.310 b 220.510 e 217.737 e 78.313 e 16.69 bc 44.570 d 
A-11 156.498 b 60.115 a 61.967 a 250.130 b 214.902 f 75.597 f 23.09 a 67.03 ab 
A-75 160.583 a 63.453 a 52.640 b 259.132 a 215.5 ef 81.295 d 21.52 a 61.860 b 
G-53 150.095 c 66.922 a 61.962 a 241.797 c 211.530 g 61.810 g 23.97 a 69.725 a 
LSD Value at P = 5% 1.790 13.5523 3.084 6.509 2.681 1.996 2.280 5.75 
SE = + +0.613 +4.643 +1.056 +2.230  +0.918 +0.6839 +0.781 +1.970 
F. Value 419.78** 7.04** 101.14** 75.99** 148.94** 454.69** 18.83** 35.65** 
CV (%) 0.85 18.59 4.45 1.96 0.82 1.71 7.49 6.60
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44B and A-11 showing 17.32 and 17.41 percent ADF, respectively. The genotypes 

viz. G-53, OR-102B, OR-100B and G-5 showed 16.36, 15.36, 12.34 and 9.43 percent 

ADF, respectively and differed significantly with one another.  

NDF: 

 Non significant difference was found to exist among genotypes regarding 

NDF in their leaves (Table 10, column B).The NDF ranged from minimum of 31.21 

percent to maximum of 36.14 percent in the leaves of A-9 and OR-44B, respectively. 

Nothing could be drawn from these results as the difference among genotypes was 

non significant.  

Table 10.Means comparison regarding chemical plant factors in various  
     selected genotypes of sunflower. 
 

Name 
of 
Genotypes 

ADF (%) NDF (%) Cellulose 
Contents 
(%) 

Hemi-
cellulose 
Contents 
(%) 

Lignin (%) Ash 
Contents 
(%) 

Crude 
Protein (%) 

OR-100B 12.34 e 30.88 8.53 e 23.32 a 9.10 e 17.46 ab 10.91 f 
G-5 9.43 f 31.34 8.91 e 20.44 c 8.52 g 17.36 ab 16.38 a 
OR-44B 17.32 b 36.14 10.41 d 18.76 d 7.10 h 16.69 b 11.01 e 
G-7 8.45 g 32.13 11.33 c 18.08 e 8.80 f 15.29 c 14.22 b 
OR-102B 15.36 d 34.23 11.49 c 18.83 d 11.27 c 14.92 cd 12.08 d 
A-9 18.08 a 31.21 11.54 c 18.08 e 8.72 f 17.75 a 10.93 ef 
A-11 17.41 b 35.46 13.28 b 18.41 de 10.65 d 14.43 d 13.12 c 
A-75 18.46 a 35.86 11.20 c 20.58 c 11.47 b 13.23 e 12.06 d 
G-53 16.36 c 33.74 14.22 a 21.27 b 11.65 a 12.18 f 10.93 f 
LSD Value 
at P = 5% 

0.488 - 0.720 0.440 0.145 0.763  0.027 

SE = + +0.167 - +0.246 +0.151 +0.05 +0.261 +0.079 
F. Value 515.62** 1.49ns 54.69** 138.79 833.62** 57.55** 4832.24** 
CV (%) 2.26 10.32 4.40 1.53 1.01 3.38 0.44 
           
  Continue……………. 
 

 
Name 

of 
Genotypes 

Magnesium 
(%) 

Phosphorous 
(%) 

Calcium 
(%) 

Potassium 
(%) 

Copper (%) Zinc (%) Manganese 
(%) 

OR-100B 0.43 e 0.19 f 2.85 cd 2.98 g 98.39 c 18.27 d 41.16 ab 
G-5 0.51 b 0.36 b 3.24 b 4.14 a 47.25 d 15.47 h 36.40 cd 
OR-44B 0.46 d 0.23 e 2.41 e 2.87 h  39.39 f 16.11 g 40.65 ab 
G-7 0.48 cd 0.28 d 2.88 bcd 2.04 f 100.18 b 17.22 e 38.25 bc 
OR-102B 0.49 c 0.37 a 3.24 b 4.10 b 32.29 h 18.48 c 37.49 c 
A-9 0.51 b 0.33 c 2.67 de 3.74 d 103.62 a 19.12 a 34.51 d 
A-11 0.48 cd 0.35 d 3.69 a 2.86 h 44.98 e 16.38 f 38.47 bc 
A-75 0.52 ab 0.22 e 2.43 e 3.17 e 38.45 g 15.39 i 40.49 ab 
G-53 0.53 a 0.37 a 3.20 bc 3.98 c 104.05 a 18.65 b 42.66 a 
LSD at P = 
5% 

0.014 0.014 0.342 0.014 0.869 0.014 2.634 

SE = + +0.005 +0.005 +0.117 +0.005 +0.297 +0.005 +0.902 
F. Value 76.22** 540.71** 12.92** 4376.21** 11903.35** 78983.45** 8.12** 
CV (%) 1.45 2.01 7.95 0.48 0.88 0.06 4.64 

Means sharing similar letters are not significantly different by DMR Test. 
** = Significant at P < 0.01. Ns = Non-significant.      
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i) Cellulose contents  

 Significant difference was found to exist among genotypes of sunflower 

regarding cellulose contents in their leaves (Table 10, Column C, appendix 7). The 

maximum cellulose contents was recorded to be 14.22 percent in the leaves of G-53 

and differed significantly from those of observed in the leaves of all other genotypes. 

The minimum cellulose contents was found to be 8.53 percent in the leaves of OR-

100B and did not differ significantly from those of found in the leaves of G-5 with 

8.91 percent cellulose contents. Non significant difference was found to exist among 

G-7, OR-102B, A-9 and A-75 with 11.33, 1.49, 11.54 and 11.20 percent cellulose 

contents, respectively. The genotypes OR-44B and A-11 possessed 10.41 and 13.28 

percent cellulose contents, respectively and differed significantly with each other as 

well as from those of observed in the leaves of all other genotypes. 

ii) Hemi-cellulose contents  

 The data regarding hemi cellulose contents in the leaves of various selected 

genotypes are presented in Appendix 7.The results reveal significant difference 

among genotypes (Table 10, Column D).The maximum hemicelluloses contents was 

recorded to be 23.59 percent in the leaves of G-7 and did not show significant 

difference with those of found in the leave of OR-100B, i.e. 23.54 percent. The 

minimum hemi cellulose contents was recorded to be 13.13 percent in the leaves of 

A-9 and differed significantly from those of found in the leaves of all other genotypes. 

The genotype A-11 possessed 18.06 percent hemi cellulose contents and showed non 

significant variation with those of observed in the leaves of OR-102B, OR-44B and 

A-75 showing 18.57, 18.82 and 17.40 percent hemi cellulose contents, respectively.  

The genotype G-5 and G-53 showed 21.91 and 19.98 percent hemi cellulose contents 

in their leaves, respectively and differed significantly with each other as well as from 

those of observed in the leaves of all other genotype.  

iii) Lignin  

 The data regarding lignin contents in the leaves of various selected genotypes 

of sunflower are depicted in Appendix 7.The results reveal significant variation 

among genotypes (Table 10, Column E). It is evident from the results that genotype 

G-53 had maximum lignin contents i.e. 11.65 percent and differed significantly from 

those of observed in the leaves of all other genotypes. The genotype OR-44B 

possessed minimum lignin contents i.e. 7.10 percent and also showed significant 

difference from those of observed in the leaves of all other genotypes. Non significant 
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difference was found to exist in between G-7 and A-9 showing 8.80 and 8.72% 

regarding lignin contents in their leaves. The lignin contents were recorded to be 

11.47, 11.27, 10.65, 9.10 and 8.52 percent in the leaves of A-75, OR-102B, A-11, 

OR-100B and G-5, respectively and differed significantly with one another.      

iv) Ash Contents  

 The results (Table 10, Column F) revealed significant difference among 

genotypes regarding ash contents in their leaves. The maximum ash content was 

recorded to be 17.75 percent in the leaves of A-9 and did not show significant 

difference with those of recorded on OR-100B and G-5 showing 17.46 and 17.36 

percent ash contents, respectively. The genotype OR-44B possessed 16.69 percent ash 

contents and did not show significant difference with those of observed on OR-100B 

and G-5. The genotype OR-102B possessed 14.92 percent ash contents in the leaves 

and was found statistically at par with those of recorded on G-7 and A-11 with 15.29 

and 14.43 percent ash contents, respectively.  The minimum ash contents was 

observed to be 12.18 percent in the leaves of G-53 and also showed significant 

difference with those of found on all other genotypes. Similarly the genotype A-75 

having 13.23 percent ash contents also showed significant difference with those of 

observed on all other genotypes. 

v) Crude Protein   

 Variation was found to be significant among genotype regarding crude  protein in 

their leaves (Table 10, Column G). The genotype G-5 showed maximum crude 

protein i.e. 16.38 percent in the leaves and differed significantly from those of 

recorded in the leaves of all other genotypes. The minimum crude protein was found 

to be 10.91 percent in the leaves of OR-100B and did not show significant difference 

with those of recorded in the leaves of A-9 and G-53 each showing 10.93 percent 

crude protein in their leaves, respectively.  The genotype OR-44B showing 11.01 

percent crude protein also showed non significant difference with those of observed in 

the leaves of A-9. Similarly non significant difference was also found to exist in 

between OR-102B and A-75 with 12.08 and 12.06 percent crude protein, respectively. 

The genotypes viz. G-7 and A-11 with 14.22 and 13.12 percent crude protein, 

respectively  differed significantly with each other and as well as with those of found 

in the leaves of all other genotypes.  
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vi) Magnesium  

 Differences were found to be significant among genotypes regarding 

magnesium percentage in their leaves (Table 10, Column H). It is evident from the 

results that the genotype G-53 possessed maximum magnesium contents in the leaves 

i. e. 0.53 percent and did not show significant difference with those of found in the 

leaves of A-75 with 0.52 percent magnesium contents. The genotype OR-100B 

possessed minimum magnesium percentage in the leaves i. e. 0.43 and showed 

significant variation with those of found in the leaves of all other genotypes. The 

genotype G-5 and A-9 each showed 0.51 percent magnesium contents in their leaves 

and also did not differ significantly with those of found in the leaves of A-75. Non 

significant difference was also found to exist in between G-7 and A-11 each having 

0.48 percent magnesium contents in their leaves and also showed at par trend 

statistically with those of observed on OR-102B and OR-44B with 0.49 and 0.46 

percent magnesium contents in their leaves, respectively.   

vii) Phosphorus  

 Significant differences were found to exist among genotypes regarding 

phosphorus percentage in their leaves (Table 10, Column I). The maximum 

phosphorus contents were found to be 0.37 percent in the leaves of each G-53 and 

OR-102B and did not differ significantly with those of observed in the leaves of G-5 

i.e. 0.36 percent. The later mentioned figure also showed non significant difference 

with those of found in the leaves of A-11 with 0.35 percent phosphorus contents. Non 

significant difference was also found to exist in between OR-44B and A-75 with 0.23 

and 0.22 percent phosphorus contents, respectively. The minimum phosphorus 

contents was recorded in the leaves of OR-100B i.e. 0.19 percent and differed 

significantly from those of recorded in the leaves of all other genotypes.  The 

genotype A-9 and G-7 showing 0.33 and 0.28 percent phosphorus contents in their 

leaves, respectively differed significantly with each other. 

viii) Calcium  

 The results regarding calcium contents in the leaves of various genotypes of 

sunflower are presented in (Table 10 Column J). It is evident from the results that 

differences in genotypes were found to be significant at P < 0.01. The means were 

compared by DMR Test at P=0.05. The results reveal that maximum calcium contents 

was found to be 3.69 percent in the leaves of A-11 and differed significantly from 

those of observed in all other genotypes. The genotype OR-44B possessed minimum 
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calcium contents i.e. 2.41 percent and did not show significant difference with those 

of recorded in the leaves of A-75 and A-9 with 2.43 and 2.67 percent calcium 

contents, respectively. Non significant difference was found to exist among G-5, G-

53, G-7 and OR-102B showing 3.24, 3.20, 2.88 and 3.24, respectively. The genotype 

OR-100B  with 2.85 percent calcium contents also did not show significant difference 

with those of recorded on G-7, A-9 and G-53 having  2.88, 2.67 and 3.20 percent 

calcium contents, respectively.  

ix) Potassium  

 The genotypes differed significantly with one another regarding potassium 

percentage in their leaves (Table 10, Column K). It is evident from the results that G-

5 showed maximum potassium percentage in the leaves i.e. 4.14 and differed 

significantly from those of found in the leaves of all other genotypes. The genotype 

A-11 possessed minimum potassium contents in the leaves i.e. 2.86 percent and did 

not show significant with those of observed in the leaves of genotype OR-44B with 

2.87 percent potassium contents.  The potassium contents in the leaves of OR-100B, 

G-7, OR-102B, A-9, A-75 and G-53 were 2.98, 2.04, 4.10, 3.74, 3.17 and 3.98 

percent in their leaves, respectively and were categorised as intermediate.   

x) Copper  

 The results pertaining to copper percentage sin the leaves of various genotypes 

of sunflower are shown in (Table 10 and Column L). The results revealed significant 

difference among genotypes at P < 0.01. The means were compared by DMR Test at 

P=0.05. It is evident from the results that the genotype G-53 possessed maximum 

copper contents i.e. 104.05 and did not show significant difference with those of 

found in the leaves of A-9 with 103.62 percent copper contents.  The minimum 

copper percentage in the leaves was found to be 32.29 percent on OR-102B and 

showed significant difference from those of found in all other genotypes. The 

genotypes G-7, OR-100B, G-5, A-11, OR-44B and A-75 showed 100.18, 98.39, 

47.25, 44.98, 39.39 and 38.45 percent copper contents in their leaves, respectively and 

categorised as intermediate.  

xi) Zinc  

 Differences were found to be significant among genotypes regarding zinc 

contents (Table 10, Column M). The maximum zinc content was recorded to be 19.12 

percent in the leaves of A-9 and differed significantly from those of observed in the 

leaves of all other genotypes.The minimum content was observed to be 15.39 percent 
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in the leaves of A-75 and also differed significantly from those of   found in the leaves 

of all other genotypes.The genotypes viz. G-53, OR-102B, OR-100B, G-7, A-11, OR-

44B and G-5 showed 18.65, 18.48, 18.27, 17.22, 16.38, 16.11 and 15.47 percent 

calcium contents, respectively and categorised as intermediate.  

 

xii) Manganese 

 The results regarding manganese contents in the leaves of different selected 

genotypes of sunflower are presented in (Table 10, Column N). The results revealed 

significant difference among genotypes at P < 0.01.  It is evident from the results that 

maximum manganese content was found in the leaves of G-53 i.e. 42.66 percent and 

did not differ significantly from those of 41.16, 40.65 and 40.49 percent in the leaves 

of OR-100B, OR-44B and A-75, respectively. The genotype A-9 possessed minimum 

manganese contents i.e. 34.51 and showed non significant difference with those of 

observed in the leaves of G-5. Non significant difference was found to exist among 

OR-102B, A-11 and G-7 with 37.49, 38.25 and 38.47 percent manganese contents, 

respectively and categorised as intermediate.  

4.3.3 Effect of physical and chemical plant characters in the fluctuation  of 
egg count and larval population of H. armigera. 
 
 The effect of various physical factors (Plant height, Hair density on midrib, 

Hair density on vein, Hair density on lamina. Thickness of leaf lamina, Leaf area, 

Head diameter and Yield per head) and chemical plant characters (ADF , NDF, 

Cellulose contents, Hemi-cellulose, Lignin, Ash contents, Crude protein, Magnesium, 

Phosphorus, Calcium, Potassium, Copper, Zinc and Manganese) on the egg count and 

larval population of the pest by computing the data into simple correlation and 

multiple regression analysis of variance. The specific results are given as under: 

 

4.3.3.1 Physical plant characters  

i) Eggs count  

a)       Simple correlation 

 The effect of various physical plant characters on the fluctuation of eggs count 

of H. armigera on sunflower crop was measured by determining the correlation 

coefficient values and the results are depicted in Table 11. It is evident from the 

results that plant height, hair density on midrib, vein and lamina, head diameter and 

yield per head showed negative and significant correlation (P < 0.01) with correlation 
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coefficient values of 0.850, 0.556, 0.742, 0.583, 0.542 and 0.554, respectively.   

Thickness of leaf lamina has positive and significant correlation (P < 0.01) with the 

eggs count of the pest. Non significant correlation was found to exist in between eggs 

count and leaf area (r=0.387).  

 

Table11.Effect of various Physico-morphological plant characters on the    
egg count of Helicoverpa armigera on sunflower.  
 

Physico-Morphological Plant Characters r –Value 
Plant Height (cm)  -0.852** 
Hair Density on Midrib (cm-1) -0.556** 
Hair Density on Vein (cm-1) -0.742** 
Hair Density on Lamina (cm-2) -0.583** 
Thickness of Leaf Lamina (µm) 0.944** 
Leaf Area (cm2) 0.387 ns 
Head Diamter (cm) -0.542** 
Yield per Head (gms.) -0.554** 

   * = Significant at P < 0.05. 
   ** = Significant at P < 0.01. 

 

b) Multiple Regression Models  

 The results regarding the impact of various physical plant characters 

individually as well as in their combinations on the eggs count of H. armigera are 

given in Table 12. It is evident from the results that plant height is the most important 

characters which contributed 72.6 percent in per unit change of eggs count. 

Furthermore, the hair density on midrib behaved negatively with non significant 

response showing 0.3 percent impact in per unit change of eggs count. The impact of 

hair density on vein was negative and significant when computed in combination with 

the effect of plant height and hair density on midrib and showed 5.9 percent impact 

and population change of eggs count.  In brief the coefficient of determination value 

was observed to be 0.914 when the effect of all the physical plant characters was 

computed together.  The regression model was found to be the fitted the best.   In this 

model, the leaf area had significant and positive effect in combination with the effect 

of all other factors. The coefficient determination value was calculated to be 0.914. 

From these results it is concluded that plant height is the most important character 

which had maximum role in per unit change in eggs count.  
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Table12. Correlation between physical factors with oviposition per 5 plants 
on different genotypes. 
 
 Regression Equation R2 Impact 

(%) 
F. 

Value 
SE 

Y= 31.89219-0.187**X1 0.726 72.6 90.13 +1.412 
Y= 31.54-0.179**X1-0.0153nsX2 0.729 0.3 44.41 +1.425 
Y= 30.304-0.148**X1-0.026nsX2-

0.0504**X3 
0.788 6.2 39.68 +1.280 

Y= 28.836-0.123**X1-0.0275nsX2-
0.0165nsX3-0.0814**X4 

0.826 10 36.76 +1.179 

Y= 27.206-0.130**X1-0.0227nsX2-
0.0207nsX3-0.0926**X4+0.0136nsX5 

0.829 10.3 29.16 +1.186 

Y= -27.514-0.0249X1-0.0208X2+0.0119X3-
0.343X4-0.00609X5+0.175**X6 

0.913 18.7 50.83 +0.861 

Y= -27.054-0.0265X1+0.0165X2+0.0111X3-
0.0319X4-0.0059X5+0.175**X6-0.125X7 

0.914 18.8 42.31 +0.873 

 
Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
Where: 
X1 = Plant Height (cm) 
X2 = Yield per Head (gm) 
X3 = Hair density on mid rib per cm 
X4 = Hair Density on Vein per cm 
X5 = Hair Density on Lamina per cm2 
X6 = Thickness of Leaf Lamina (µm) 
X7 = Head Diameter (cm) 
 

ii) Larval Population  

a) Simple Correlation  

 The effect of various physico morphological plant characters on the larval 

population of H. armigera on sunflower crop is presented in Table 13.  All the 

physico morphological plant characters viz. plant height, hair density on midrib, hair 

density on vein, hair density on lamina, thickness of leaf lamina, head diameter and 

yield per head showed negative and significant correlation (P < 0.01) with the larval 

population showing r-values of 0.852, 0.478, 0.704, 0.498, 0.901, 0.535 and 0.535, 

respectively except leaf area which showed non significant correlation with the larval 

population of the pest (r= -0.0298). 
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Table13.Effect of various physico-morphological plant characters on the           
larval population of Helicoverpa armigera on sunflower.  

 
Physico-Morphological Plant Characters r –Value 
Plant Height (cm)  -0.852** 
Hair Density on Midrib (cm-1) -0.478** 
Hair Density on Vein (cm-1) -0.704** 
Hair Density on Lamina (cm-2) -0.498** 
Thickness of Leaf Lamina (µm) -0.901** 
Leaf Area (cm2) -0.298 ns 
Head Diamter (cm) -0.535** 
Yield per Head (gms.) -0.535** 

      Ns = Non-Significant. 
      ** = Significant at P < 0.01. 
 

b) Multiple Regression Models  

 The impact of each chemical plant characters individually and in their 

combinations through step was measured by processing the data in to multiple linear 

regression analysis. The results are presented in Table 14. It is evident that plant 

height is the most important characters which had maximum impact i.e. 72.5 percent 

in per unit change of larval population of the pest followed by leaf area which showed 

14.9 percent impact in population change. All the regression models were found to be 

fitted the best. The coefficient of determination value was calculated to be 0.966 when 

the effect of all the physico morphological plant characters was computed together.   

Table14. Correlation between physical factors on larval population on different 
genotypes. 

 
 Regression Equation R2 Impact 

(%) 
F. 
Value 

SE 

Y= 13.461-0.0762**X1 0.725 72.5 89.66 +0.576
Y= 13.339-0.0733**X1-0.0053X2 0.727 0.2 44.00 +0.582
Y= 13.015-0.065**X1-0.0083nsX2-

0.0131nsX3 
0.752 2.7 32.27 +0.564

Y= 12.386-0.0545**X1-
0.00863X2+0.00135X3-0.0348**X4 

0.793 6.8 29.74 +0.523

Y= 10.762-0.0615**X1-0.0038X2-0.0028X3-
0.0460**X4+0.0136X5 

0.814 8.9 26.28 +0.504

Y= -6.248-0.028*X1-0.00327X2+0.0071X3-
0.00279*X4+0.00749X5+0.0545**X6 

0.963 23.8 30.43 +0.440

Y= -6.730-0.0272X1-0.0423X2+0.0071X3-
0.030*X4+0.0073X5+0.0545**X6-0.131X7 

0.866 14.1 25.85 +0.443

 
Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
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X1 = Plant Height (cm) 
X2 = Yield per Head (gm) 
X3 = Hair density on mid rib per cm 
X4 = Hair Density on Vein per cm 
X5 = Hair Density on Lamina per cm2 
X6 = Thickness of Leaf Lamina (µm) 
X7 = Head Diameter (cm) 
 

4.3.3.2 Chemical Plant Characters 

i) Eggs Count  

a) Simple Correlation 

 The results regarding the effect of various plant characters on the eggs count 

of H. armigera on sunflowers are presented in Table 15. It is evident from the results 

that ADF, Cellulose contents, lignin, magnesium and phosphorus showed negative 

and significant correlation with the eggs count of H. armigera with r-values of 0.592, 

0.855, 0.686, 0.697 and 0.411, respectively. Positive and significant effect was 

exerted by hemi-cellulose, and ash contents on the eggs count of H. armigera 

showing r-values of 0.388 and 0.698, respectively. NDF, crude protein, calcium, 

potassium, copper, zinc and manganese showed non significant correlation with the 

eggs count of the pest. 

Table15. Effect of various chemical plant characters on the egg count   
of Helicoverpa armigera on sunflower. 

 
Chemical Plant Characters r –Value 
ADF (%) -0.592** 
NDF (%) -0.234ns 
Cellulose Contents (%) -0.855** 
Hemi-cellulose (%) +0.388** 
Lignin (%) -0.686** 
Ash Contents (%) +0.698** 
Crude Protein (%) 0.195ns 
Magnesium (%) -0.697** 
Phosphorous (%) -0.411** 
Calcium (%) -0.132ns 
Potassium (%) -0.128ns 
Copper (%) 0.040ns 
Zinc (%) -0.081ns 
Manganese (%)  -0.007ns 

               * = Significant at P < 0.05. 
                ** = Significant at P < 0.01. 
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b) Multiple Regression Models  

 The data on various chemical plant characters showing significant correlation 

with the eggs count of the pests were computed through multiple linear regression 

analysis of variance with the objective to find their impact individually as well as in 

their combinations through steps. The results are presented in Table 16. It is evident 

from the results that cellulose contents in the leaves of various genotypes of sunflower 

resulted in maximum impact i.e. 42.4 percent in per unit change of eggs count 

followed by ADF which contributed 35 percent per unit change in the variation of 

eggs count. All the regression models were found to be fitted the best. Furthermore, it 

is evident from the results that hemi-cellulose, lignin, ash, magnesium and phosphorus 

contents contributed 1.2, 6.3, 0.2, 6.1 and 3.9 percent contribution in egg count 

fluctuation of the pest, respectively. Furthermore, the coefficient of determination 

value was observed to be 0.951 in all the factors were computed together. 

Table16: Correlation of various chemical plant characters on the egg count of 
     Helicoverpa armigera on sunflower.  

 
 
Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
X1 = ADF (%) 
X2 = NDF (%) 
X3 = Cellulose Contents (%) 
X4 = Hemi-cellulose Contents (%) 

 Regression Equation R2 Impact 
(%) 

F. 
Value 

SE 

Y= 11.022-0.431**X1 0.350 35 18.31 +2.175
Y= 11.883-0.421**X1-0.030X2 0.352 0.2 8.95 +2.204
Y= 19.962-0.166*X1-0.0179nsX2-

1.094**X3 
0.774 42.4 36.56 +1.321

Y= 15.624-0.169*X1-0.0953X2-
1.038**X3+0.175X4 

0.786 43.6 28.39 +1.308

Y= 11.365-0.131**X1+0.031X2-
0.634**X3+0.448X4**-0.773**X5 

0.849 49.9 33.65 +1.117

Y= 6.375-0.147*X1+0.0418X2-
0.565**X3+0.458**X4-0.628*X5+0.159X6 

0.851 50.1 27.69 +1.126

Y= 21.139-0.138**X1+0.0264X2-
0.520**X3+0.356**X4-
0.502*X5+0.0682X6-0.259**X7 

0.912 56.2 41.30 +0.883

Y= 33.007-0.0126nsX1+0.0232nsX2-
0.860**X3+0.484**X4-0.968**X5-
0.328*X6-33.667**X7+13.714**X8 

 

0.951 60.1 65.69 +0.669
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X5 = Lignin (%) 
X6 = Ash Contents (%) 
X7 = Magnesium (%) 
X8 = Phosphorous (%) 
 

ii) Larval Population   

a) Simple Correlation 

 The results regarding the effect of various chemical plant characters on the 

larval population fluctuation of the pest on sunflower crop are given in Table 17. It is 

evident from the results that ADF (P < 0.01), NDF (P < 0.05), cellulose contents   (P 

< 0.01), lignin (P < 0.01), magnesium (P < 0.01) and phosphorus (P < 0.01) showed 

negative and significant correlation with the larval population of the pest with r-values 

of 0.520, 0.326, 0.788, 0.601, 0.594 and 0.453, respectively. The effect of hemi 

cellulose and ash content was significant and positive at P< 0.01 with r-values of 

0.527 and 0.624, respectively. Crude protein, calcium, potassium, copper, zinc and 

manganese showed non significant effect on the larval population of H. armigera.  

 

Table17. Effect of various chemical plant characters on the larval      
population of Helicoverpa armigera on sunflower.  

 
Chemical Plant Characters r –Value 
ADF (%) -0.520** 
NDF (%) -0.326* 
Cellulose Contents (%) -0.788** 
Hemi-cellulose (%) 0.527** 
Lignin (%) -0.601** 
Ash Contents (%) 0.624** 
Crude Protein (%) 0.085ns 
Magnesium (%) -0.594** 
Phosphorous (%) -0.453** 
Calcium (%) -0.178ns 
Potassium (%) -0.082ns 
Copper (%) 0.123ns 
Zinc (%) -0.037ns 
Manganese (%)  0.144ns 

          * = Significant at P < 0.05. 
          ** = Significant at P < 0.01. 
          Ns = Non-significant. 
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b) Multiple Regression Models  

 The data regarding various chemical plant characters like ADF, NDF, 

cellulose, hemicellulose, lignin, ash,magnesium and phosphorus contents were 

processed for multiple linear regression analysis of variance as independent variable 

with the larval population of H. armigera as dependent variable with the objective to 

find their impact on the fluctuation of the pest. The results are presented in Table 18. 

It is evident from the results that cellulose contents were the most important 

characters with exerted maximum impact i.e. 37.2 percent in per unit change of larval 

population followed by ADF which contributed 27.01 percent impact on the 

fluctuation of larval population of the pest. The chemical characters viz. NDF, 

hemicelluloses, lignin, ash, magnesium and phosphorus showed 2.6, 7.0, 7.9, 0.1, 2.2 

and 1.2 percent impact in the change of larval population of the pest, respectively. 

The coefficient of determination value was calculated to be 0.853 when all the 

chemical plant character was computed together. All the regression equations were 

found to be fitted the best.  

Table18. Correlation of various chemical plant characters on the larval         
population of Helicoverpa armigera on sunflower.  

 
 Regression Equation R2 Impact 

(%) 
F. 

Value 
SE 

Y= 4.654-0.154**X1 0.271 27.1 12.63 +0.938
Y= 6.048-0.137X1-0.0491**X2 0.297 2.6 6.99 +0.935
Y= 9.133-0.0402nsX1-0.0444nsX2-

0.4187**X3 
0.669 39.8 21.54 +0.652

Y= 4.739-0.0435X1-0.0359X2-
0.360**X3+0.178**X4 

 

0.739 46.8 21.98 +0.587

Y= 2.796-0.0261X1-0.0172X2-
0.176*X3+0.302**X4-0.352**X5 

0.818 54.7 27.05 +0.498

Y= 1.770-0.0294X1-0.0151X2-
0.162X3+0.304**X4-0.323*X5+0.0328X6 

0.819 54.8 21.90 +0.506

Y= 5.384-0.0274X1-0.0188X2-
0.151X3+0.279**X4-0.292X5+0.0104X6-
6.3548*X7 

0.841 57 21.15 +0.483

Y= 8.037+0.00081X1-0.0195X2-
0.227*X3+0.308**X4-0.396**X5-0.0781X6-
8.971**X7+3.065X8 

0.853 58.2 19.55 +0.473

 
Where: 
* = Significant at P < 0.05. 
** = Significant at P < 0.01. 
X1 = ADF (%) 
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X2 = NDF (%) 
X3 = Cellulose Contents (%) 
X4 = Hemi-cellulose Contents (%) 
X5 = Lignin (%) 
X6 = Ash Contents (%) 
X7 = Magnesium (%) 
X8 = Phosphorous (%) 
 

4.4 Sustainable Pest Management of H. armigera on sunflower 

 The study was conducted on sustainable management of H. armigera on 

sunflower crop during 2010 in the research area of PARS, University of Agriculture, 

and Faisalabad. T1=Release of C. carnea @ one 2nd instar larva per plant, T2= 

weeding twicely at 15 days interval, T3=Spray of spinosad @ 40 ml per acre twicely 

at fortnight interval andT4= application of neem seed kernel extract 5 percent twicely 

at fortnightly interval and were integrated in their possible combinations on a 

susceptible (OR-100B) and a resistant genotype (G-53) of sunflower selected from the 

final screening trial. The data regarding number of eggs and larval population per 5 

plants from both the genotypes before application and 2, 4, 6 and 8 days of post 

treatment intervals were recorded. The results are described as under:  

4.4.1 Effect of treatments on eggs count  

4.4.1.1 First Application  

 The data regarding the effect of treatments on egg count at various spray 

intervals viz. before spray, 2,4,6,8 days after spray are given in Appendix 8.  

i)    Before application  

 The effect of treatments on eggs count in susceptible and resistant genotypes 

of sunflower before application of treatments showed non significant difference 

(Table 19). The number of eggs was ranged from minimum of 3.00 to maximum of 

4.25 in resistant genotype (G-53) while in susceptible genotype (OR-100B), the 

number of eggs ranged from minimum of 6.50 to maximum of 8.25 per 5 plants. 

Furthermore, in susceptible genotype there was more number of eggs per 5 plants as 

compared to resistant genotypes in all the treatments. However, increase in 

susceptibility over resistant genotype was ranged from minimum of 44.00 to 

maximum of   61.00 percent. Nothing could be concluded from these results as the 

treatment effect was non significant.  
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Table19.Effect of different treatments on the eggs count in susceptible and 
resistant genotypes of sunflower before application of insecticide and NSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Increase in 
Susceptible (%) 
over resistance 
Genotype  

T1  Release of 
C.  carnea  

3.75 7.92 50.00 

T2  
Weeding 

4.00 7.25 44.00 

T3  Spray of 
Spinosad 

3.50 8.00 56.00 

T4  Neem 
extract 

4.25 8.25 48.00 

T5  Weeding 
+Release 
ofC.carnea 
(T1 + T2) 

3.25 7.75 58.00 

T6  Neem 
extract+ 
Release of 
C.  carnea 
(T1 + T4) 

3.00 7.75 61.00 

T7    Weeding 
+Neem 
extract   
(T2 + T4) 

3.50 6.50 46.00 

T8 Weeding 
+spray of 
spinosad    
(T2 + T3) 

3.25 8.00 59.00 

T9 Weeding+ 
Neem 
extract 
+Release 
of C.  
carnea (T1 
+ T2 + T4) 

4.25 7.50 44.00 

T10 Control  4.00 8.00 50.00 
  Average 51.16 

 

ii)   Two days after 1st application  

 The results regarding the effect of different treatments on the eggs count in 

susceptible and different genotypes of sunflower two days after 1st application of 

treatments is presented in Table 20. It is evident from the results that the treatments 

differed significantly with one another.The results reveal that the application of 
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weeding and spinosad (T8) found to be the most effective resulted in the lowest 

number of eggs per 5 plants both in resistant and susceptible genotypes having 0.50 

and 2.00 eggs per 5 plants, respectively. The application of C. carnea @one 2nd 

instar larva per plant showed maximum number of eggs per 5  plants (6.50)  in 

resistant genotype whereas, in susceptible genotype the weeding was found to be less 

effective resulted in maximum number of eggs per 5 plants i.e. 11.75.The application 

of spinosad alone also showed encouraging results with 68.96 and 74.50 percent 

reduction in egg counts on resistant and susceptible genotypes, respectively.  The 

effect of neem seed kernel extract was found to be intermediate with 44.82 and 31.37 

percent reduction in eggs count for resistant and susceptible genotypes, respectively. 

In general it is evident from the results that all the treatments showed significant 

control of the pest as against control treatment except weeding in susceptible 

genotype. 

  

Table20. Effect of different treatments on the eggs count in susceptible and   
resistant genotypes of sunflower 2 days after 1st application of  insecticide and 
NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

G-53 OR-100B 
T1 T1 6.50 ef 10.25 bc 10.34 19.60 
T2 T2 5.75 efgh 11.75 ab 20.68 7.84 
T3 T3 2.25 jk 3.25 ij 68.96 74.50 
T4 T4 4.00 ghij 8.75 cd 44.82 31.37 
T5 T1 + T2 4.75 fghi 5.75 efgh 34.48 54.90 
T6 T1 + T4 3.25 ij 4.00 hij 55.17 68.62 
T7 T2 + T4 3.00 ij 6.75 ef 58.62 47.06
T8 T2 + T3 0.50 k 2.00 jk 93.10 84.31 
T9 T1 + T2 + T4 3.00 ij 6.00 efg 58.62 52.94 
T10 Control  7.25 de 12.75 a   
LSD 

at P=0.05 
 1.79   

SE  +0.632   
F. 

value 
 4.82   

CV 
(%) 

 22.68   

Means sharing similar letters are not significantly different by DMR Test. 
 

iii)   Four days after 1st application 

 The results regarding the effect of different treatments on the eggs count in 

susceptible and resistant genotype of sunflower 4 days after 1st application of 
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treatments are presented in Table 21.The results revealed significant difference among 

treatments in both the genotypes.It is evident from the results T8 (weeding + 

spinosad) found to be the most effective resulted in 97.82 and 94.25 percent reduction 

in number of eggs on G-53 (resistant) and OR-100B (susceptible), respectively.  

Weeding and release of C. carnea were not so effective showing maximum number of 

eggs count per plant both in resistant and susceptible genotypes. The application of 

spinosad alone was found to be toxic showing 97.82 and 95.40 percent reduction in 

eggs count on G-53 and OR-100B, respectively. All the other treatments were 

intermediate in controlling the pest. 

Table21. Effect of different treatments on the eggs count in susceptible and    
resistant genotypes of sunflower 4 days after 1st application of insecticide and 
NSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

G-53 OR-100B 
T1 T1 10.00 cd 19.00 a 13.04 12.64 
T2 T2 8.75 cd 19.25 a 23.91 11.49 
T3 T3 0.25 g 1.00 g 97.82 95.40 
T4 T4 8.75 cd 14.50 b 23.91 33.33 
T5 T1 + T2 9.50 cd 12.25 bc 17.39 43.67 
T6 T1 + T4 7.25 de 10.50 cd 39.95 51.72 
T7 T2 + T4 10.25 cd 15.00 b 10.86 31.03 
T8 T2 + T3 0.25 g 1.25 fg 97.82 94.25 
T9 T1 + T2 + T4 4.50 ef 10.50 cd 60.86 51.72 
T10 Control  11.50 bc 21.75 a   
LSD 

at P=0.05 
 3.30   

SE  ±1.16   
F. 

value 
 7.74   

CV 
(%) 

 23.80    

Means sharing similar letters are not significantly different by DMR Test. 
  

iv)   Six days after 1st application 

 The results relating to the effect of different treatments on the eggs count in 

susceptible and resistant genotypes of sunflower 6 days after 1st application of 

treatments are shown in Table 22. All the treatments differed significantly with one an 

other. The application of spinosad alone or in combination with weeding proved to be 

the most effective resulted in maximum reduction of eggs count in both the 

genotypes. In general all the treatments controlled the pest significantly as against 

control treatment. Weeding alone did not showed encouraging results showing 14.75 
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and 20.75 number of eggs on resistant and susceptible genotypes, respectively. The 

application of spinosad in combination with weeding resulted in maximum control of 

the pest i.e. 98.50 and 98.26 percent reduction in eggs count in resistant and 

susceptible genotypes, respectively. 

Table22. Effect of different treatments on the eggs count in susceptible and  

resistant genotypes of sunflower 6 days after 1st application of insecticide and 

NSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

G-53 OR-100B 
T1 T1 11.25 d 17.00 c 32.83 40.86 
T2 T2 14.75 c 20.75 b 11.94 27.82 
T3 T3 0.25 g 0.75 g 98.50 97.39 
T4 T4 11.25 de 17.25 c 32.80 40.00
T5 T1 + T2 8.25 ef 15.25 c 50.74 46.95
T6 T1 + T4 7.50 f 14.75 c 55.22 48.69 
T7 T2 + T4 7.75 ef 14.75 c 53.73 48.69 
T8 T2 + T3 0.25 g 0.50 g 98.50 98.26 
T9 T1 + T2 + T4 6.25 f 11.50 d 61.53 60.00 
T10 Control  16.75 c 28.75 a   
LSD 

at P=0.05 
 2.42   

SE  ±0.85  
F. 

value 
 7.89   

CV 
(%) 

 15.26   

Means sharing similar letters are not significantly different by DMR Test. 
  

v)  Eight days after 1st application 

 The results pertaining to the effect of different treatments on eggs count in 

susceptible and resistant genotypes of sunflower 8 days after 1st application are 

depicted in Table 23. The results show significant differences among treatments both 

in resistant and susceptible genotypes. The maximum number of eggs were recorded 

to be 14.00 and 11.50 in resistant and susceptible genotypes, respectively in weeding 

treatment and differed from the control treatment which showed 16.25 and 26.75 

number of eggs per 5 plants in resistant and susceptible genotypes on sunflower, 

respectively. The application of spinosad in combination with weeding showed 

maximum reduction in eggs count in resistant genotype i.e. 92.30 percent.  The 

application of spinosad alone also showed encouraging results in both the genotypes. 

Similarly the application of NSKE in combination with weeding and release of 
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biological agents separately also showed maximum reduction of the pest both in 

resistant and susceptible genotype. Furthermore, all the treatments were found to be 

effective up to 8 days after 1st application as against control treatment. 

Table23. Effect of different treatments on the eggs count in susceptible and 
resistant genotypes of sunflower 8 days after 1st application of insecticide and 
NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype (G-
53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 4.50 hij 6.50 fgh 72.30 79.79 
T2 T2 14.00 c 11.50 d 13.84 57.00 
T3 T3 1.75 kl 5.50 ghi 89.23 79.43 
T4 T4 8.25 ef 9.50 de 49.23 64.48 
T5 T1 + T2 3.75 ijk 5.75 ghi 78.92 78.50 
T6 T1 + T4 3.50 ijk 5.75 ghi 78.46 78.50 
T7 T2 + T4 4.50 hij 7.25 fg 72.30 72.89 
T8 T2 + T3 1.25 l 4.75 hij 92.30 82.24 
T9 T1 + T2 + T4 2.00 kl 

 
3.0 jkl 87.69 88.78 

T10 Control  16.25 b 26.75 a   
LSD at 
P=0.05 

  2.01   

SE   ±0.71   
F. value   10.51   
CV (%)   19.49   

Means sharing similar letters are not significantly different by DMR Test. 
 

4.4.1.2 Second application 

The data regarding the effect of treatments on eggs count at various spray intervals 

viz.  2,4,6,8 days after 2nd spray are given in Appendix 8.  

i)  Two days after 2nd application 

 The results regarding the effect of treatments on the eggs count in resistant and 

susceptible genotypes of sunflower two days after 2nd application of treatments are 

depicted in Table 24. The interactional response between resistant and susceptible 

genotypes of sunflower showed significant difference among treatments. The 

application of weeding alone did not show significant control of the pest having 

maximum number of eggs i.e. 11.50 and 18.50 in resistant and susceptible genotypes, 

respectively. The percent reduction in this treatment was calculated to be minimum 

i.e. 8.00 and 7.50 percent in resistant and susceptible genotypes, respectively. The 

application of spinosad alone showed 100 percent and 97.5 percent control of the pest 

in resistant and susceptible genotypes, respectively. Similarly spinsosad in 
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combination with weeding resulted in 100 percent control of the pest 2 days after 2nd 

application both in resist ant and resistant genotypes of sunflower. The application of 

bio agent alone or in combination with weeding,  release of bio agent + spray of 

NSKE, and weeding + spray of NSKE also showed significant control of the pest. The 

application of NSKE alone resulted in 44.00 and 43.75 percent reduction in the eggs 

count and had intermediate trend. Furthermore, in general all the treatments had 

significant control of the pest as against control treatment except weeding. 

 Table24. Effect of different treatments on the eggs count in susceptible and 
resistant genotypes of sunflower 2 days after 2nd application of insecticide and 
NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 3.50 ef 5.75 cd 72.00 71.25 
T2 T2 11.50 b 18.50 a 8.00 7.50 
T3 T3 0.00 i 0.50 hi 100.00 97.50 
T4 T4 7.00 c 11.25 b 44.00 43.75 
T5 T1 + T2 2.25 fg 6.00 cd 82.00 70.00 
T6 T1 + T4 2.00 fgh 5.50 cd 84.00 72.50 
T7 T2 + T4 5.00 de 6.75 c 60.00 66.25 
T8 T2 + T3 0.00 i 0.00 i 100.00 100.00 
T9 T1 + T2 + T4 1.00 ghi 3.00 f 92.00 85.00 
T10 Control  12.50 b 20.00 a   

LSD at 
P=0.05 

  1.50   

SE   ±0.53   
F. value   11.04   
CV (%)   17.47   

Means sharing similar letters are not significantly different by DMR Test. 
 

ii)    Four days after 2nd application 

 Significant differences were found to exist among treatments regarding eggs 

count in susceptible and resistant genotypes of sunflower 4 days after 2nd application 

of treatments (Table 25). It is evident from the results that the application of spinosad 

alone, spinosad + weeding and release of bio agent + weeding + NSKE showed 100 

percent mortality of the pest both in resistant and susceptible genotypes of sunflower. 

Furthermore, the application of NSKE, weeding and release of bio agent showed 

some what week control of the pest in susceptible genotype of sunflower i.e. 96.87 

percent reduction.  Weeding alone showed less control of the pest as compared to all 
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the other treatments. The application of bio-agent was found to be better as compared 

to the spray of NSKE 4 days after 2nd application. 

  
 
Table25. Effect of different treatments on the eggs count in susceptible  

 and resistant genotypes of sunflower 4 days after 1st application  
 of insecticide and NSKE 

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

        G‐53  OR‐100B 
T1 T1 2.25 hij 4.75 fg 76.92 78.31 
T2 T2 7.25 d 12.50 b 25.64 21.87 
T3 T3 0.00 k 0.00 k 100.00 100.00 
T4 T4 5.50 ef 7.00 de 43.58 56.25 
T5 T1 + T2 1.50 ijk 3.50 gh 84.61 78.12 
T6 T1 + T4 1.25 jk 2.75 hij 87.17 82.81 
T7 T2 + T4 3.00 hi 4.75 fg 69.23 70.31 
T8 T2 + T3 0.00 k 0.00 k 100.00 100.00 
T9 T1 + T2 + T4 0.00 k 0.50 k 100.00 96.87 
T9 T1 + T2 + T4 0.00 k 0.50 k 100.00 96.87 
T10 Control  9.75 c 16.00 a  

LSD at 
P=0.05 

  1.45   

SE   ±0.54   
F. value   7.43   
CV (%)   26.44   

Means sharing similar letters are not significantly different by DMR Test. 
 

iii)   Six days after 2nd application 

 The results regarding the effect of different treatments on the eggs count in 

susceptible and resistant genotypes of sunflower 6 days after 2nd application are given 

in Table 26. The results reveal significant difference among treatments in both the 

genotypes based on their interactions. The application of spinosad in combination of 

weeding again proved to be the most effective resulted in minimum number of eggs 

per 5 plants in both the genotypes and showed 100 and 98 percent reduction in the 

pest on resistant and susceptible genotypes, respectively. Weeding treatments   

resulted in minimum reduction of the pest i.e. 22.58 and 28.00 in resistant and 

susceptible genotypes, respectively and proved less effective for the control of the 

pest.  The application of NSKE alone also showed less control of the pest i.e. 38.70 

and 48.00 percent reduction in resistant and susceptible genotypes, respectively. All 

the other treatments remained effective up to 6 days after 2nd application. The release 
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of bio agent in combination with weeding and NSKE also proved a good treatment 

resulted in 90.32 and 88.00 percent reduction in the eggs count on resistant and 

susceptible genotypes, respectively.  

Table26. Effect of different treatments on the eggs count in susceptible and 
resistant genotypes of sunflower 6 days after 2nd application of insecticide and 
NSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 1.25 fg 3.75 e 83.87 70.00 
T2 T2 6.00 cd 9.00 b 22.58 28.00 
T3 T3 0.50 g 1.00 g 93.54 92.00 
T4 T4 4.75 de 6.50 cd 38.70 48.00 
T5 T1 + T2 1.50 fg 3.75 e 80.64 70.00 
T6 T1 + T4 1.00 g 3.00 ef 87.09 76.00 
T7 T2 + T4 3.00 ef 6.50 cd 61.29 48.00 
T8 T2 + T3 0.00 g 0.25 g 100.00 98.00 
T9 T1 + T2 + T4 0.75 g 1.50 fg 90.32 88.00 
T10 Control  7.75 bc 12.50 a   

LSD at 
P=0.05 

  1.64   

SE  ±0.58  
F. value   2.95   
CV (%)   31.27   

Means sharing similar letters are not significantly different by DMR Test. 
 

iv)  Eight days after 2nd application 

 The results regarding the effect of different treatments on the eggs count in 

susceptible and resistant genotypes of sunflower 8 days after 2nd application are given 

in Table 27. It is evident from the results that treatment differed significantly with one 

another. In general the treatments has lost their effectiveness 8 days after 2nd 

application and  minimum reduction of the pest was observed in all the treatments as 

compared to the data observed at 6 days after 2nd application.However, a significant 

control of the pest was observed in most of the treatments except the application of 

weeding and spray of NSKE. The maximum control of the pest was recorded with the 

application of spinosad in combination with weeding and resulted in 80.00 and 68.42 

percent reduction in eggs count on resistant and susceptible genotypes, respectively.  

Similarly the release of bio agent in combination with weeding and NSKE also 

showed good control of the pest 8 days after 2nd application with 75 and 78.94 percent 

reduction in resistant and susceptible genotypes, respectively. 
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Table27. Effect of different treatments on the eggs count in susceptible and 
resistant genotypes of sunflower 8 days after 2ndapplication of insecticide and 
NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 2.75 defgh 3.75 cde 45.00 60.52 
T2 T2 3.75 cde 6.75 b 25.00 28.94 
T3 T3 1.75 fgh 4.00 cd 65.00 57.89 
T4 T4 3.50 cdef 5.00 c 30.00 47.36
T5 T1 + T2 1.75 fgh 2.50 defgh 65.00 73.68 
T6 T1 + T4 2.00 efgh 3.50 cdef 60.00 63.15 
T7 T2 + T4      2.75 defgh 4.25 cd 45.00 55.26 
T8 T2 + T3 1.00 h 3.00 defg 80.00 68.42 
T9 T1 + T2 + 

T4 
1.25 gh 2.00 efgh 75.00 78.94 

T10 Control  5.00 c 9.50 a   
LSD at 
P=0.05 

  1.62   

SE   ±0.57   
F. value   2.03   
CV (%)   32.89   

Means sharing similar letters are not significantly different by DMR test 

 

4.4.2 Effect of treatment on larval population 

4.4.2.1 First application  

The data relating to larval population of H. armigera on resistant and 

susceptible genotypes of sunflower in different treatments at various intervals are 

given in Appendix 9. The specific results are presented as under: 

i) Before treatment 

 The results regarding the effect of different treatment on the larval population 

per 5 plants in susceptible and resistant genotypes of sunflower before first 

application of treatments are given in Table 28. It is evident from the results that the  

non significant difference were found among treatments. The population on resistant 

genotypes ranged from minimum of 2.25 to maximum of 3.00 whereas on susceptible 

genotype the population ranged from minimum of 4.25 to maximum of 5.75. 

Furthermore, the resistant genotype showed comparatively lower larval population of 
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H. armigera as compared to susceptible genotype. Nothing could be drawn from these 

results as the effect of treatment was found to be non- significant.  

 

Table28. Effect of different treatments on the larval population per 5 plants        
in susceptible and resistant genotypes of sunflower before 1st application of 
insecticide and NSKE two days after treatment.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 3.00 5.25 14.28 16.00 
T2 T2 2.75 5.00 21.42 20.00 
T3 T3 2.75 5.75 21.42 8.00 
T4 T4 3.00 4.50 14.28 28.00 
T5 T1 + T2 2.25 4.25 39.71 32.00 
T6 T1 + T4 2.75 5.25 21.42 16.00 
T7 T2 + T4 2.75 5.25 21.42 16.00 
T8 T2 + T3 2.75 5.75 21.42 8.00 
T9 T1 + T2 + T4 3.00 5.75 14.28 8.00 
T10 Control  3.50 6.25   

LSD at 
P=0.05 

  Ns   

F value  0.21  
CV (%)   35.30   

 Means sharing similar letters are not significantly different by DMR test 

 Difference was found to be significant among treatments regarding larval 

population per plant on susceptible and resistant genotypes of sunflower two days 

after 1st application of treatment (Table 29).  It is evident from the results that   the 

application of spinosad in combination of weeding showed maximum control of the 

pest both in resistant and susceptible genotype having 100 and 96.29 percent 

reduction of the pest over control. Similarly the application of spinosad alone also 

showed maximum control of the pest i.e. 91.66 and 96.29 percent reduction in 

resistant and susceptible genotypes, respectively. Critically it was observed that 

release of C. carnea, application of spinosad, spray of NSKE, release of C. carnea + 

weeding, release of C. carnea + application of NSKE, weeding + spray of NSKE, 

weeding + spray of spinosad and release of release of C. carnea  + weeding + spray of 

NSKE resulted in non significant difference with one another. Weeding alone was 

found to be inferior showing comparatively less control of the pest both in resistant 

and susceptible genotypes.   Similarly in case of susceptible genotype that application 

of biological agent + weeding + spray of NSKE, weeding + spray of spinosad, 
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weeding + spray of NSKE, spray of spinosad alone and release of bio agent showed 

non significant difference with one another.  

 

Table29. Effect of different treatments on the larval population per 5  plants in 
susceptible and resistant genotypes of sunflower 2 days after  1st application of 
insecticide and NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.50 d 1.00 cd 83.33 85.18 
T2 T2 2.25 bc 6.00 a 25.00 11.11 
T3 T3 0.25 d 0.25 d 91.66 36.23
T4 T4 1.00 cd 3.00 b 66.66 55.55 
T5 T1 + T2 0.50 d 2.25 bc 83.33 66.66 
T6 T1 + T4 0.25 d 1.00 cd 91.66 85.18 
T7 T2 + T4 0.75 cd 3.00 b 75.00 55.55 
T8 T2 + T3 0.00 b 0.25 d 100.00 36.26 
T9 T1 + T2 + T4 0.50 d 1.25 cd 83.33 81.48 
T10 Control  3.00 b 6.75 a   

LSD at 
P=0.05 

  1.34   

SE   ±0.47   
F. value   4.13   
CV (%)   56.50   

Means sharing similar letters are not significantly different by DMR Test. 
 

 

Four Days after Treatment 

 The results regarding the effect of different treatments on the larval population 

per 5 plants in susceptible and resistant genotypes of sunflower four days after 

treatment showed significant difference (Table 30). The application of spinosad in 

combination with weeding and in combination with weeding + spray of NSKE 

showed maximum control of the pest both in resistant and susceptible genotypes.  The 

spray of spinosad alone also resulted in maximum reduction of the pest i.e. 93.75 and 

92.33 percent in resistant and susceptible genotypes, respectively.  Furthermore 

weeding alone showed minimum effect resulted in 18.75 and 13.33 percent reduction 

in larval population in resistant and susceptible genotypes, respectively. Furthermore, 

all the treatments showed significant control of the pest as against control treatment 

except weeding and susceptible genotype. 

 

 



89 
 

 
 
 
 

Table30. Effect of different treatments on the larval population per 5 plants in 
susceptible and resistant genotypes of sunflower 4 days after 1st application of 
insecticide andNSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.75 gh 2.50 de 81.25 66.66 
T2 T2 3.25 cd 6.50 a 18.75 13.33 
T3 T3 0.25 h 0.50 gh 93.75 93.33 
T4 T4 2.25 def 5.00 b 43.75 33.33 
T5 T1 + T2 0.50 gh 1.25 efgh 87.50 83.33 
T6 T1 + T4 0.50 gh 1.00 fgh 87.50 86.66 
T7 T2 + T4 1.75 efg 3.25 cd 56.25 58.29 
T8 T2 + T3 0.00 h 0.50 gh 100.00 93.33 
T9 T1 + T2 + T4 0.00 h 1.00 fgh 100.00 86.66 
T10 Control  4.00 bc 7.50 a   

LSD at 
P=0.05 

  1.15   

SE      ±0.40     

F. value      4.33     
CV (%)   38.66   

Means sharing similar letters are not significantly different by DMR Test. 
 

iv) Six days after treatment 

 The data regarding the effect of different treatments on the larval population 

per 5 plants in susceptible and resistant genotypes of sunflower 6 days after 1st 

treatment are presented in Table 31. It is evident from the result that treatments 

differed significantly with one another. Spay of spinosad alone, spray of spinosad in 

combination with weeding and release of bio agent + weeding + spray of NSKE 

resulted in maximum control of the pest both in resistant and susceptible genotypes. 

Weeding alone proved to be inferior showing minimum control of the pest. 

Furthermore in resistant genotype, release of bio-agent, spray of spinosad alone, 

release of bio-agent + weeding, release of bio-agent + spray of NSKE, weeding + 

spray of NSKE, weeding + spray of spinosad and release of bio-agent + weeding + 

spray of NSKE showed non significant difference with one another in resistant 

genotype of sunflower. Similarly in case of susceptible genotype release of bio-agent, 

spray of spinosad, spray of NSKE, release of bio-agent + weeding, weeding + spray 

of NSKE and  weeding + spray of spinosad  showed non significant variation with 
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one another. Furthermore, release of bio-agent + weeding + spray of NSKE found to 

be the most effective resulted in 100 percent reduction of the pest over control and 

was at par statistically with those of where spinosad was sprayed alone, release of bio-

agent + spray of NSKE and weeding + spray of spinosad both in susceptible and 

resistant genotypes of sunflower. 

  
Table31. Effect of different treatments on the larval population per 5 plants   in                    
susceptible and resistant genotypes of sunflower 6-days after 1st application of 
insecticide andNSKE. 
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.75 de 2.00cd 82.35 75.00 
T2 T2 3.25 bc 7.50 a 23.52 6.25 
T3 T3 0.00 e 0.50 de 100.00 93.75 
T4 T4 1.75 d 4.25 d 58.82 46.87 
T5 T1 + T2 1.00 de 2.00 cd 78.47 75.00
T6 T1 + T4 0.50 de 0.75 de 88.23 90.02 
T7 T2 + T4 1.50 de 3.25 bc  64.70 59.37 
T8 T2 + T3 0.00 e 0.50 de 100.00 93.75 
T9 T1 + T2 + T4 0.00 e 0.00 e 100.00 100.00 
T10 Control  4.25 b 8.00 a   

LSD at 
P=0.05 

  1.32   

SE   ±0.46   
F. value   5.01   
CV (%)   44.83   

Means sharing similar letters are not significantly different by DMR Test. 

 

v) Eight days after spray  

 Significant variations were found to exist among treatments regarding larval 

population per 5 plants in susceptible and resistant genotypes of sunflower 8 days 

after 1st application (Table 32). It is evident from the results that the application of 

NSKE + weeding and release of bio-agent resulted in maximum control of the pest 

i.e. 100 and 97.05 percent reduction in resistant and susceptible genotypes, 

respectively. Furthermore, the release of bio-agent + spray of NSKE remained 

effective up to 8 days of treatment applications and were at par statistically with those 

of where release of bio-agent + weeding was applied. Furthermore, the release of bio-

agent also showed encouraging effect on the larval population per 5 plants of H. 

armigera in both the genotypes resulted in 89.47 and 88.23 percent reduction, 

respectively.  Furthermore, it was observed that the release of bio-agent alone and in 
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combination with weeding, with spray of NSKE and with weeding + spray of NSKE 

showed non significant variation both in resistant and susceptible genotype. 

 
Table32. Effect of different treatments on the larval population per 5 plants  in 
susceptible and resistant genotypes of sunflower 8 days after 1st application of 
insecticide and NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.50 j 1.00 hij 89.47 88.23 
T2 T2 3.25 def 6.50 b 31.57 23.52 
T3 T3 0.75 ij 2.75 fg 84.21 67.64 
T4 T4 3.00 efg 5.25 bc 36.84 38.23
T5 T1 + T2 0.50 j 1.50 ghij 89.47 82.35 
T6 T1 + T4 0.25 j 1.00 hij 94.73 88.23 
T7 T2 + T4 2.50 fgh 4.75 cd 47.36 44.11 
T8 T2 + T3 2.25 fghi 4.50 cde 52.63 47.05 
T9 T1 + T2 + T4 0.00 j 0.25 j 100.00 97.05 
T10 Control  4.75 cd 8.50 a   

LSD at 
P=0.05 

  1.44   

SE  ±0.50  
F. value   2.65   
CV (%)   37.89   

Means sharing similar letters are not significantly different by DMR Test. 
 

4.4.2.2  Second application  

 The data regarding the effect of different treatments on larval population per 5 

plants in susceptible and resistant genotypes of sunflower at various post treatment 

intervals are given in Appendix 9.The specific results are described as under: 

i) Two days after treatment  

 The results regarding the effect of different treatments on larval population per 

5 plants in susceptible and resistant genotypes of sunflower two days after 2nd 

application are depicted in Table 33. It is evident from the results that all the 

treatments showed non significant difference with one another.  However the larval 

population ranged from minimum of 0.00 to maximum of 3.75 in resistant genotype 

and 0.00 to 5.50 in susceptible genotype of sunflower. As regard to percent reduction 

in larval population, it is evident from the results  that  all the treatments showed 

encouraging control of the pest resulted in 72.22 to 100 percent reduction in resistant 

genotype and 57.14 to 100 percent in susceptible genotype. From these results it is 

further observed that weeding alone did not show good control of the pest resulted in 
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16.66 and 21.42 percent reduction in larval population on G-53 and OR-100B, 

respectively.  

 Table33. Effect of different treatments on the larval population per 5 plants in 

susceptible and resistant genotypes of sunflower 2 days after 2nd application of 

insecticide and NSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.50 1.75 88.88 75.00 
T2 T2 3.75 5.50 16.66 21.42 
T3 T3 0.00 0.25 100.00 98.42 
T4 T4 1.25 3.00 72.22 57.14 
T5 T1 + T2 0.50 1.50 88.88 78.57 
T6 T1 + T4 0.25 0.75 94.44 89.28 
T7 T2 + T4 0.50 3.00 88.88 57.14 
T8 T2 + T3 0.00 0.00 100.00 100.00 
T9 T1 + T2 + T4 0.00 0.50 100.00 92.85 
T10 Control  4.50 7.00   

LSD at 
P=0.05 

  Ns   

SE  -  
F. value   1.06   
CV (%)   71.97   

Means sharing similar letters are not significantly different by DMR Test. 
 

ii) Four days after application 

 Variation was found to be non significant among treatments regarding larval 

population per 5 plants in susceptible and resistant genotypes of sunflower 4 days 

after 2nd application (Table 34).  The effective trend was found to be similar as those 

of observed 2 days after treatment. Furthermore, the release of bio-agent + weeding + 

spray of NSKE showed 100 percent reduction of the pest, whereas weeding alone 

proved to be inferior showing minimum reduction of the pest i.e. 17.64 and 23.07 

percent in G-53 and OR-100B, respectively.  
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Table34. Effect of different treatments on the larval population per 5 plants  in 
susceptible and resistant genotypes of sunflower 4 days after 2nd application of 
insecticide and NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

  G-53 OR-100B
T1 T1 0.50 1.00 88.23 84.61 
T2 T2 3.50 5.00 17.64 23.07 
T3 T3 0.25 0.75 94.11 88.46 
T4 T4 1.50 2.75 64.70 57.69 
T5 T1 + T2 0.50 0.75 88.23 88.46 
T6 T1 + T4 0.25 0.50 94.11 92.30
T7 T2 + T4 0.75 1.75 82.35 73.00 
T8 T2 + T3 0.25 0.75 94.11 88.46 
T9 T1 + T2 + T4 0.00 0.00 100.00 100.00 
T10 Control  4.25 6.50   

LSD at 
P=0.05 

  Ns   

SE   -   
F. value   1.01   
CV (%)  62.17  

Means sharing similar letters are not significantly different by DMR Test. 
 

iii) Six days after application 

 

Significant difference was found to exist among treatments regarding larval 

population per 5 plants in susceptible and resistant genotypes of sunflower 6 days 

after 2nd application (Table 35). The release of bio-agent, spray of spinosad, spray of 

NSKE, release of bio-agent + weeding, release of bio-agent + spray of NSKE, 

weeding + spray of NSKE, weeding + spray of spinosad and weeding + release of 

bio-agent + spray of NSKE showed non significant difference with one another. Spray 

of spinosad alone, weeding + spray of spinosad and release of bio-agent + weeding + 

spray of NSKE found the most effective resulted in maximum control of the pest both 

in resistant and susceptible genotypes.  Furthermore, weeding showed minimum 

reduction of the pest i.e. 20 and 36 percent in resistant and susceptible genotypes, 

respectively.  
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Table35. Effect of different treatments on the larval population per 5 plants   in 
susceptible and resistant genotypes of sunflower 6 days after 2nd application of 
insecticide and NSKE.  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

    G-53 OR-100B 
T1 T1 0.25 ef 2.00 de 90.00 68.00 
T2 T2 2.00 cde 4.00 b 20.00 36.00 
T3 T3 0.25 ef 0.50 ef 90.00 92.00 
T4 T4 1.75 def 3.75 bc 30.00 40.00 
T5 T1 + T2 0.50 ef 1.25 def 80.00 80.00 
T6 T1 + T4 0.50 ef 1.25 def 80.00 80.00 
T7 T2 + T4 0.75 def 2.00 de 70.00 68.00 
T8 T2 + T3 0.00 f 0.25 ef 100.00 96.00 
T9 T1 + T2 + T4 0.00 f 0.00 f 100.00 100.00 
T10 Control  2.50 bcd 6.25 a   

LSD at 
P=0.05 

  1.59   

SE   ±0.56   
F. value   2.06   
CV (%)   75.51   

Means sharing similar letters are not significantly different by DMR Test. 
 

iv) Eight days after 2nd application 

 The results regarding the effect of different treatments on the larval population 

in susceptible and resistant genotypes of sunflower 8 days after 2nd application is 

presented in Table 36. It is evident from the results that treatment did not show 

significant difference with one another. The larval population ranged from minimum 

of 0.25 to maximum of 1.75 in resistant genotype whereas in susceptible genotypes 

the larval population of the pest ranged from minimum of 0.50 to maximum of 3.75 

per 5 plants. Critically it was observed that all the treatments had lost their 

effectiveness at 8 days after 2nd application. However,   the release of bio-agent + 

weeding + spray of NSKE, release of bio-agent + spray of NSKE, release of bio-agent 

+ weeding showed maximum control of the pest both in resistant and susceptible 

genotype. 
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Table36. Effect of different treatments on the larval population in susceptible   
and resistant genotypes of sunflower 8 days after 2nd application of insecticide 
andNSKE.  

 
Tr. # Name of 

Treatment  
Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR100B) 

Reduction Percentage Over 
Control 

G-53 OR-100B 
T1 T1 0.50 2.50 75.00 44.44 
T2 T2 1.75 3.75 12.50 16.66 
T3 T3 0.75 1.25 62.50 72.22 
T4 T4 1.00 2.75 50.00 38.88 
T5 T1 + T2 0.25 0.75 87.50 83.33 
T6 T1 + T4 0.50 1.25 75.00 72.22 
T7 T2 + T4 1.75 2.50 12.50 44.44 
T8 T2 + T3 0.75 2.00 62.50 55.55 
T9 T1 + T2 + T4 0.25 0.50 87.50 88.88 
T10 Control  2.00 4.50   
LSD 

at P=0.05 
 Ns   

SE  -   
F. value  1.90   
CV (%)  51.64   

Means sharing similar letters are not significantly different by DMR Test. 
 

 

4.4.3 Effect of treatments on the seed yield 

 The effects of different treatments on the seed yield (Kgs/plot) in susceptible 

and resistant genotypes of sunflower are presented in Appendix 10. It is evident from 

the results that treatments differed significantly with one another both in resistant and 

susceptible genotypes of sunflower (Table 37). The maximum yield was recorded to 

be 63.944 kgs/plot in those plots where C. carnea released + weeding + spray of 

NSKE and was at par statistically with those of observed in those plots where 

weeding + spinosad was sprayed showing 63.387 kgs/plot seed yield in resistant 

genotype of sunflower. The other effective treatment was the spray of spinosad alone 

which resulted in 61.883 kgs/plot seed yield.  Non significant difference was found to 

exist in between treatment where C. carnea in combination with spray of NSKE and 

weeding in combination with NSKE showing 58.252 and 57.166 Kgs. Seed yield per 

plot, respectively. Similarly release of C. carnea, spray of NSKE and release of C. 

Carnea and weeding having 51.324, 52.402 and 51.559 seed yield in Kgs per Plot did 

not show significant difference with one another. The minimum yield was recorded to 

be 48.514 Kgs. Per plot where weeding was done and differed significantly from 

those of observed in all treatments. Similarly trend was observed in susceptible 

genotype regarding yield of sunflower in different treatments. The maximum yield 
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was found to be 44.273 Kgs per plot where release of C. carnea in combination with 

weeding and spry of NSKE was done. The minimum was yield recorded to be 25.048 

Kgs. per plot in those plot weeding was done.The spray of spinosad alone and in 

combination with weeding also showed maximum yield i.e., 41.368 and 42.597 Kgs. 

plot, respectively. From these results, it is concluded that the release of bio agent + 

weeding +application of NSKE proved to be the best treatment resulting in maximum 

yield. Furthermore, the weeding practice alone did not prove the best treatment 

showing minimum per plot yield in susceptible genotype i.e., 25.048 Kgs. 

 

Table37. Effect of different treatments on the yield (kgs per plot) in  
susceptible and resistant genotypes of sunflower in various  treatments.  
  
 

Tr. # Name of 
Treatment  

Resistant 
Genotype 
(G-53) 

Susceptible 
Genotype 
(OR-100B) 

Increase in Yield (kg per 
plot) Over Control 

G-53 OR-100B 
T1 T1 51.324 d 29.493 j 2.91 4.86 
T2 T2 48.514 e 25.048 k 0.10 0.41 
T3 T3 61.883 b 41.368 g 13.46 16.73 
T4 T4 52.402 d 33.711 i 3.98 9.07 
T5 T1 + T2 51.559 d 30.750 j 3.14 6.11 
T6 T1 + T4 58.252 c 38.691 h 9.83 14.05 
T7 T2 + T4 57.166 c 38.645 h 8.75 14.01
T8 T2 + T3 63.387 a 42.597 g 14.97 17.96 
T9 T1 + T2 + T4 63.944 a 44.273 f 15.53 19.64 
T10 Control  48.419 e 24.642 h  - 
LSD 

at P=0.05 
 1.46    

SE  ±0.517    
 Means sharing similar letters are not significantly different by DMR Test. 

 

  4.4.4 Cost benefit ratio (CBR)  

 The results regarding CBR in resistant and susceptible genotypes of sunflower 

in different treatments are presented in table 38. It is evident from the result that spray 

of spinosad alone showed maximum CBR i.e., 6.05 and 7.52 in resistant and 

susceptible genotypes, respectively and proved to be the best treatment followed by 

weeding in combination with spray of spinosad, and weeding in combination with 

spray of NSKE showing CBR values 4.33; 5.19 and 2.22: 3.55 in resistant; 

susceptible genotypes, respectively. The minimum CBR was recorded to be 0.08 and 

0.33 in resistance and susceptible genotypes, respectively and did not prove an 

effective treatment. All the other treatments showed intermediate response in both the 

genotypes.  
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Table 38.CBR in resistant and susceptible genotypes of sunflower in different  
treatments. 

 
T # Name of 

Treatment 
Expenditure 
(Rs) per ha 

Income (Rs./ha) CBR 
Resistant 
Genotype 

Susceptible 
Genotype 

Resistant 
Genotype 

Susceptible 
Genotype 

T1 T1 4470/- 5820.00 9720.00 1:1.3
0

2.17 

T2 T2 2470/- 200.10 819.90 0.08 0.33 
T3 T3 4446/- 26919.90 33459.90 6.05 7.52 
T4 T4 5401/- 7959.90 18140.10 1.47 3.35 
T5 T1 + T2 6940/- 6270.00 12219.90 0.90 1.76 
T6 T1 + T4 9871/- 19660.02 28100.10 1.99 2.84 
T7 T2 + T4 7871/- 17499.90 28020.00 2.22 3.55 
T8 T2 + T3 6916/- 29940.00 35910.00 4.33 5.19 
T9 T1 + T2 + T4 12341/- 21059.90 39280.02 1.70 3.18 
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CHAPTER 5    

 Discussion  

 5.1 Host Plant Resistance  

               Twenty genotypes of sunflower were tested during 2008 for their 

resistance/ susceptibility against   Helicoverpa armigera based on the number of eggs 

laid by the pest and larval population on per 5 plant basis. The results obtained from 

preliminary screening trial indicated that oviposition preference of H. armigera on 

plants significantly differed as a function of genotypes of sunflower. From these 

studies, based on egg and larval population per 5 plants, three genotypes showing 

resistance (A-11, A-75, G-53), three showing intermediate (G-7, OR-102B, A-9) and 

three having susceptibility response (OR-100B, G-5, OR-44B) were selected for final 

screening during 2009. In the preliminary screening trial, the maximum egg laying 

and larval population was recorded to be 7.81±0.88 and 3.16±0.55 per 5 plants, 

respectively on genotype OR-100B whereas minimum egg lying was recorded to be 

2.31±0.46 per 5 plants on H-38 and minimum larval population was recorded to be 

0.69±0.19 per 5 plants on G-53. The peak eggs count per 5 plants (8.94±0.5) was 

observed on April 27, whereas peak larval population per 5 plants (3.11±0.26) was 

found on May 01, 2008. In final screening experiment, the genotype OR-100B was 

proved comparatively susceptible showing significantly maximum eggs count i.e., 

9.44 ±1.64 per 5 plants and maximum larval population per 5 plants i.e., 4.43±0.63. 

The minimum eggs count was recorded to be 1.70±0.38 per 5 plants on genotype G-

53 while minimum larval population was recorded to be 1.12±0.25 per 5 plants on A-

11. These results are consistent with (Mphosi and Foster, 2010) who studied that 

female preference and larval performance were strongly correlated, indicating that 

female preferred plants and lines on which larvae performed better. 

 The eggs count was recorded to be its peak level 14.38±1.45 per 5 plants on April 21 

during 2009 whereas, larval population at its peak was recorded to be 5.64±0.59 per 5 

plants on April 24 during 2009 and thus there was only one peak both for eggs count 

and larval population during the crop season. The maximum eggs laid by H. armigera 

were 8.94±0.5/5 plants during 3rd week of April 2008 and declined during the 

subsequent weeks. H. armigera started oviposition in the 2nd week of April and the 

egg density kept on increasing during the month. Trend of oviposition in 2009 was 
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similar to 2008. The maximum egg count (14.38±1.45 /5plants) was observed in the 

3rd week of April 2009 which declined in the 1st week of May 2009. This is in 

conformation with the observation made by (Bhat and Virupakashappa 1993 and Bhat 

et al. 1996) who tested hundreds of germplasm, accessions and cultivars against H. 

armigera and it was found that few accessions like KBHS- 6,7,8,9, TNSU-3, RHA - 

263, 291-B, EC- 109281, EC-107285 and BRS-3 were found superior in recording 

lower eggs and larval density per plant. Entries 352-8 and RH- 272 having less 

population of larvae/plant were least susceptible 

 Based on eggs count, the genotype OR-100B showed maximum HPSIs  i.e. 19, 

22 and 21 percent during 2008., 2009 and on average basis, respectively and was 

found to be a susceptible genotype whereas  the minimum  HPSI i.e. 7 percent each  

on genotype G-53, OR-102B and G-7 during 2008, 4 percent each  on G-53 and A-75 

during 2009 and on average basis of both the study years, the minimum HPSI was 

observed to be 6 percent on G-53. Based on larval population of H. armigera, the 

genotype OR-102B showed maximum HPSI i.e., 22 percent during 2008, OR-100B 

showed 21 percent HPSI during 2009 and on average of both the study years the 

maximum HPSI was recorded to be 21 percent on OR-100B. Thus OR-100B proved 

to be a susceptible genotype. The minimum HPSI was observed to be 5 percent on G-

53, during 2008, 5 percent on A-11 during 2009 and on average basis of both the 

study years the minimum HPSI was recorded to be 6 percent each on A-11 and A-75. 

Thus based on larval population per 5 plants the genotype A-75 and A-11 was found 

to be comparatively resistant.  

Contrary to these results (Fajardo and Brewer 2003; Thompson et al., 1981;   

Zaluki et al., 1986 and 1994) found differences due to materials they have studied and 

different methodologies. Similarly varietal resistance in sunflower genotypes was 

studied by (Aslam et al., 2000; Anderson and Brewer 1992; Brewer and Charlet 1995; 

Gao and Brewer 1998; Rafiullah et al., 1998; Rogers 1981; Rogers, 1980; Singh et 

al., 1993; Teets and Randolph 1969; Arora et al., 1998 and Sattar et al., 1984) who 

studied different genotypes/ varieties of sunflower for their resistant/ susceptibility 

under different ecological conditions as well as different insect species. 

5.2 Role of Weather Factors in Abundance of pest population  

  The role of weather factors in variation of eggs count and larval population of 

Helicoverpa armigera was determined for 2008 and 2009 separately and on 

cumulative basis through simple correlation and multiple linear regression analyses of 
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variance. It was evident from the results that during 2009, maximum temperature 

showed positive and significant (P < 0.01) correlation (r= 0.514) with the eggs count 

of H. armigera while on cumulative basis of both the study years, relative humidity 

(r= -0.525**) and rainfall (r=-0.479*) exerted negative and significant correlations 

with the eggs count. During 2008, the  rainfall; during 2009 and on cumulative basis 

of both the study years, the maximum temperature  were very important factors 

showing maximum per unit change in fluctuation of eggs count of H. armigera i.e., 

12.6, 19.1 and 14.8 percent, respectively. In case of larval population, relative 

humidity during 2009 and on cumulative basis of both the study years showed 

negative and significant effect   (P < 0.01) on the larval population of the pest. The 

maximum temperature exerted positive and significant correlation (P < 0.05) with the 

larval population of the pest on cumulative basis of both the study years. Maximum 

temperature during 2008, relative humidity during 2009 and maximum temperature 

on cumulative basis of both the study years had maximum impact i.e., 26.4, 39.3 and 

24.7 percent, respectively in per unit change on the larval population of the pest. The 

present findings can partially be in agreement with those of (Ellington and El-Sokkari, 

1986 and Isely, 1935) who reported that temperature had effect on the reproductive 

period of the pest.Similarly, fecundity of the pest mainly influenced by temperature, 

relative humidity and nutrition of larva and adult (Fye and McAda, 1972, Johson et 

al., 1975; Adjei-Maafo and Wilson 1983; Nadguada and Pitre, 1983; Willers et al., 

1987). According to Tripathy and Sharma (1985) the number of generations is 

directly influenced by temperature, host preference and these findings are also in 

partial agreement with the present study. 

5.3 Role of Physical and chemical plant characters in host plant resistance 

             Various physical plant character (Plant height, hair density on midrib, 

vein and lamina, thickness of leaf lamina, leaf area, head diameter and yield per head) 

and chemical plant character (ADF, NDF, cellulose, hemi cellulose, lignin, ash, crude 

protein, magnesium, phosphorus, calcium, potassium, copper, zinc and manganese 

contents) were studied.Varietal variation and the role  of these physico chemical plant 

characters on the eggs count and larval population of Helicoverpa armigera  were 

determined. In the present study, all the physico-chemical plant characters differed 

significantly among selected genotypes except NDF.  

 Plant height, hair density on midrib vein and lamina, had diameter and yield 

per head showed significant and negative correlation with the eggs count of the pest, 
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whereas thickness of leaf lamina had positive effect on the eggs count. Plant height, 

hair density on midrib vein and lamina, thickness of leaf lamina, head diameter and 

yield per head had negative and significant correlation with the larval population of H. 

armigera. Plant height was found to be the most important character which showed 

maximum impact i.e., 72.6 and 72.5 percent per unit change in eggs count and larval 

population of the pest, respectively., whereas thickness of leaf lamina had positive 

effect on the eggs count. The second important character was found to be thickness of 

leaf lamina which exerted positive effect for eggs count and larval population of the 

pest showing 8.4 and 14.9 percent impact, respectively.  In the present study hair 

density on midrib vein and lamina showed negative and significant correlation both 

with eggs count and larval population of the H. armigera. These findings are 

comparable with those of (Gershenzon et al., 1985) who reported that the increase 

resistance to sunflower moth might be achieved by breeding for an increase density of 

glandular hairs on floral parts surrounding the pollen. The present fidndings are 

contradicted with those of (Hassan et al., 1990; Lukefahr et al., 1975; Niles, 1980; 

Robinson et al., 1972) who reported that smooth leaf or near glaborus trait inhibits 

oviposition of Heliothus spp. moths ultimately reduced damage up to 50 percent.  

 The present findings are in contrary with those of Baker (1990) who reported 

that density of trichome has been implicated as a factor of resistance in sunflower 

against sunflower stem weevil as a feeding deterrents but this insect avoid sunflower 

trichome defences through its morphological adaptations. Furthermore, according to 

(Ahmad, 2001; Aslam et al., 1998) several morphological plant characters were 

associated with antixenotic and anti-biotic effects on bollworms.  

       Similarly ( Haruta et al., 2001) made observations that in order to reduce 

insect pest attack, plants evolved different defence mechanism including physical and 

chemical barriers such as production of defence proteins, secondary metabolites 

(Kessler and Baldwin, 2001 and Kliebenstein et al., 2001) and trichome density 

(Fordyce and Agarwal, 2001). ADF, cellulose content, lignin, magnesium and 

phosphorus played negative and significant correlation with the eggs count of H. 

armigera on sunflower, whereas hemi-cellulose and ash contents showed positive and 

significant correlation with the eggs count of the pest. Cellulose contents were found 

to be most important character which contributed maximum i.e. 42.4 percent in per 

unit change of eggs count of the pest followed by ADF with 35 percent impact. 

Lignin, magnesium, phosphorus, hemi-cellulose and ash contents showed 6.3, 6.1, 
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3.9, 1.2 and 0.2 percent impact, respectively in per unit change of eggs count of H. 

armigera. ADF, cellulose contents, lignin, magnesium and phosphorus had negative 

and significant correlation (P < 0.01) with the larval population of H. armigera on 

sunflower, while NDF exerted significant and negative correlation at P < 0.01. Hemi-

cellulose and ash contents showed positive and significant correlation (P < 0.01) with 

the larval population of the pest. Cellulose contents had maximum impact i.e, 37.2 

percent in per unit change of larval population of H. armigera followed by NDF 

which exerted 27.1 percent impact on the pest fluctuation.  In general in the present 

study it was concluded that the chemical composition of host plants significantly 

effects survival, growth and reproduction of herbivore insects and these findings are 

in conformity with those of (Bernays and Chapman, 1994). In the present study crude 

protein did not show significant effect on the eggs count as well as larval population 

of the pest. These findings are not in conformity with those of (Navasero and 

Ramaswami, 1991; Sales et al., 2000; Franco et al., 2002, Patankar et al., 1991; and 

Mazumdar-leighton and Broaday 2001; a, b) who reported that storage proteins found 

to be closely related to plant defence characters.The conclusion drawn from these 

results that combination of various physio-morphic and chemical plant characters 

contributed towards resistance/susceptibility rather than a single factor. Research is in 

progress to introgress resistance genes from the identified lines into cultivated 

sunflower through conventional breeding facilitated by the use of marker assisted 

selection (Grady et al., 2010). 

5.4 Integration of various management techniques for the control of H. armigera  

              The study on integrated pest management was conducted with the 

objective to determine the effectiveness of different treatments viz., release of 

C.carnea @ 1 larva per plant, weeding application, spray of spinosad @ 40ml per 

acre and spray of neem seed kernel extract 5%  alone and in their possible 

combinations on selected resistant (G-53) and susceptible (OR-100B) of sunflower. 

The most effective and economical treatment for the recommendation to the farmers 

was also determined. The above mentioned treatments were applied two times at 8 

days interval.The data on eggs count and larval population of H. armigera were 

recorded before, and after 2, 4, 6 and 8 days of the treatments were recorded for each 

application. The study revealed that all the treatments showed significant effect in 

most of the post treatment intervals both for eggs count and larval population per 5 

plants. Weeding application twice showed minimum control on the pest in the entire 
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post treatment interval for both applications. Spray of spinosad alone, in combination 

with weeding, and a combination of weeding + spray of NSKE + release of bio agent 

proved the most effective treatments showing maximum control of the pest at all the 

post treatment intervals. These results are contrary to (Thakur et al. 1988) who 

revealed ineffectiveness of neem kernel leaf extracts @ 5 per cent. 

 The application of NSKE + weeding + release of C. carnea proved to be the best 

treatment resulted in maximum increase in yield i.e., 15.53 and 19.64 Kgs per plot 

over control treatment in resistant and susceptible genotype, respectively followed by 

the treatments where ,weeding + spray of spinosad and spray of spinosad alone was 

done.Based on cost benefit ratio, the application of spinosad alone resulted in 

maximum benefit to the farmers showing 6.05 and 7.52 CBR in resistant and 

susceptible genotype, respectively. The application of weeding twice in a season did 

not prove the best treatment resulted in minimum yield and lowest cost benefit 

ratio.The present findings cannot be compared with those of (Rabindra et al., 1991) 

because he applied nuclear polyhydrosis virus to control the 3rd instar larvae of  H. 

armigera and reported 40 to 77.9 percent mortality. 

       In the present study the release of C. carnea showed an intermediate response 

but significantly controlled the pest as compared to check plots and increased its 

effectiveness at its longer period after repeated release. The similar results have been 

reported by other authors (McEwen et al., 2001; Stark and Whitford 1987) that 

Chrysoperla spp. gave a very good control at various arthropods. However the present 

findings can partially in consistant with those of (Scopes 1969; Eldakroury et al. 

1977; Hagely 1989; Kabissa et al., 1996; Rajabaskar, 2007) who controlled the 

noctuid pests and aphids.These results are in correspond with those of 

(Bakhtavastslam et al., 2000) who reported that green lacewing larvae achieved high 

predation levels of eggs and neonate larvae of H. armigera. According to Venkatesan 

et al. 1997, the larval population of the pest H. armigera was reduced from 3 to 2 per 

head by green lace wing larvae released twice a weekly interval @ 2 larvae per head. 

Contrary to these results following authors applied different combination of 

treatments like, effectiveness of neem products, T. chilonis and spider for the control 

of H. armigera on cotton (Geetha and Wsamiappan 1998; McFaffery, 1998; Ballal 

and Singh 2003; Raguraman, 2007 and Jayaraj and Ignacimuthu 2005). 
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Present findings will be helpful in planning effective integrated pest management 

techniques for the control of H. armigera on sunflower field crop. 
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CHAPTER 6   

Summary 

 Twenty genotypes of sunflower viz. A-60, G-5, A-179, A-79, A-9, OR-103, 

OR-101, OR-100B, OR-44B, OR-92B, OR-102B, H-38, S-278, H-33, A-11, G-53, G-

32, A-75, G-55 and G-7 were sown in the experimental area of Post Graduate 

Agricultural Research Station,Faisalabad during 2008 for their 

resistance/susceptibility against  H. armigera . The data were recorded on the number 

of eggs laid by the pest and larval population on per 5 plant basis. From these studies 

based on egg count and larval population per 5 plants, three genotypes showing 

resistance (A-11, A-75, G-53), three showing intermediate (G-7, OR-102B, A-9) and 

three having resistance response (OR-100B, G-5, OR-44B) were selected for final 

screening during 2009 in the same experimental area.  The results are summarised as 

under: In the preliminary screening trial, the maximum egg laying and larval 

population was recorded to be 7.81±0.88 and 3.16±0.55 per 5 plants, respectively on 

genotype OR-100B whereas minimum egg lying was recorded to be 2.31±0.46 per 5 

plants on H-38 and minimum larval population was recorded to be 0.69±0.19 per 5 

plants on G-53. The peak eggs count per 5 plants 8.94±0.5 was observed on April 27, 

whereas peak larval population per 5 plants 3.11±0.26 was found on May 01, 2008. 

The genotype G-53 showed maximum seed yield i.e.58.62 kgs/plot and the genotype 

OR-100B had minimum seed yield i.e.31.75 kgs/plot. 

 In final screening experiment the genotype OR-100B was proved 

comparatively susceptible showing significantly maximum eggs count i.e. 9.44±1.64 

per 5 plants and maximum larval population per 5 plants i.e. 4.43±0.63. The minimum 

egg count was recorded to be 1.70±0.38 per 5 plants on genotype G-53 while 

minimum larval population was recorded to be 1.12 per 5 plants on A-11. The eggs 

count was recorded to be its peak level 14.38±1.45 per 5 plantson April 21 during 

2009 whereas, larval population at its peak was recorded to be 5.64 ±0.59 per 5 plants 

on April 24 during 2009 and thus there was only one peak both for eggs count and 

larval population during the crop season. Based on eggs count, the genotype OR-100B 

showed maximum HPSIs  i.e. 19, 22 and 21 percent during 2008., 2009 and on 

average basis, respectively and was found to be a susceptible genotype whereas  the 

minimum  HPSI i.e. 7 percent each  on genotype G-53, OR-102B and G-7 during 

2008, 4 percent each  on G-53 and A-75 during 2009 and on average basis of both the 
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study years, the minimum HPSI was observed to be 6 percent on G-53. Based on 

larval population of H. armigera, the genotype OR-102B showed maximum HPSI i.e. 

22 percent during 2008; OR-100B showed 21 percent HPSI during 2009 and on 

average of both the study years the maximum HPSI was recorded to be 21 percent on 

OR-100B. Thus OR-100B proved to be a susceptible genotype. The minimum HPSI 

was observed to be 5 percent on G-53, during 2008, 5 percent on A-11 during 2009 

and on average basis of both the study years the minimum HPSI was recorded to be 6 

percent each on A-11 and A-75. Thus based on larval population per 5 plants the 

genotype A-75 and A-11 was found to be comparatively resistant.  The data relating 

to eggs count and larval population of H. armigera per 5 plants at various   dates of 

observation during 2008 and 2009 and ambient weather factors were computed for 

simple correlation and multiple linear regression analyses of variance for each year 

and on cumulative basis of both the study years.  The objective of these studies was to 

find the role of weather factors in the fluctuation of the pest. The results are 

summarised as under:  

 During 2008, maximum temperature showed positive and significant (P < 

0.01) correlation with the eggs count of H. armigera while on cumulative basis of 

both the study years, relative humidity (r= -0.525**) and rainfall (r=-0.479*) exerted 

negative and significant correlations with the eggs count. During 2008, the  rainfall; 

during 2009 and on cumulative basis of both the study years, the   maximum 

temperature  were very important showing maximum per unit change in fluctuation of 

eggs count of H. armigera i.e. 12.6, 19.1 and 14.8 percent, respectively. In case of 

larval population, relative humidity during 2009 and on cumulative basis of both the 

study years showed negative and significant effect   (P < 0.01) on the larval 

population of the pest. The maximum temperature exerted positive and significant 

correlation (P < 0.05) with the larval population of the pest on cumulative basis of 

both the study years. Maximum temperature during 2008, relative humidity during 

2009 and maximum temperature on cumulative basis of both the study years had 

maximum impact i.e. 26.4, 39.3 and 24.7 percent, respectively in per unit change on 

the larval population of the pest.  Various physical plant character (Plant height, hair 

density on midrib, vein and lamina,   thickness of leaf lamina, leaf area, head diameter 

and yield per head) and chemical plant character (ADF, NDF, cellulose, hemi 

cellulose, lignin, ash, crude protein, magnesium, phosphorus, calcium, potassium, 

copper, zinc and manganese contents) were studied in various selected genotypes of 
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sunflower (OR-100B, G-5, OR-44B, G-7, OR-1a2B, A-9,  A-11, A-75, and G-53). 

Varietal variation and the role of these physico chemical plant  characters on the 

eggs count and larval population of Helicoverpa armigera were  determined. The 

results are summarized as under:  

 All the physico chemical plant characters differed significantly among 

selected genotypes except NDF. Plant height, hair density on midrib vein and lamina, 

had diameter and yield per head showed significant and negative correlation with the 

eggs count of the pest, whereas thickness of leaf lamina had positive effect on the 

eggs count. Plant height, hair density on midrib vein and lamina, thickness of leaf 

lamina, head diameter and yield per head had negative and significant correlation with 

the larval population of H. armigera. ADF, cellulose contents, lignin, magnesium and 

phosphorus had negative and Cellulose contents had maximum impact i.e 37.2 

percent in per unit change of larval population of H. armigera followed by NDF 

which exerted 27.1 percent impact on the pest fluctuation.   Study was conducted to 

determine the effectiveness of different treatments viz., release of C.carnea @ 1 larva 

per plant, weeding application, spray of spinosad @ 40ml per Acer and spray of neem 

seed karnal extract 5% alone and in their possible combinations on selected resistant 

(G-53) and susceptible (OR-100B) of sunflower with the objective to find most 

effective and economical treatment for the recommendation to the farmers. The above 

mentioned treatments were applied two times at 8days interval. The data on eggs 

count and larval population of H. armigera were recorded before, and after 2, 4, 6 and 

8 days of the treatments were recorded for each application. The results are 

summarized as under: application twice showed minimum control on the pest in the 

entire post treatment interval for both applications. Spray of spinosad alone, in 

combination with weeding, and a combination of weeding + spray of NSKE + release 

of bio agent proved the most effective treatments showing maximum control of the 

pest at all the post treatment intervals. The application of NSKE + weeding + release 

of C.carnea proved to be the best treatment resulted in maximum increase in yield 

i.e., 15.53 and 19.64 Kg. Per plot over control treatment in resistant and susceptible 

genotype, respectively followed by the treatments where weeding + spray of spinosad 

and spray of spainosad alone was done. Based on cost benefit ratio, the application of 

spinosad alone and all the treatments showed significant effect in most of the post 

treatment intervals both for eggs count and larval population per 5 plants. Weeding 

resulted in maximum benefit to the farmers showing 6.05 and 7.52 CBR in resistant 
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and susceptible genotype, respectively. The application of weeding twice in a season 

did not prove the best treatment resulted in minimum yield and lowest cost benefit 

ratio. 
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Appendix 1.  Data Regarding Number of eggs per 5 Plants laid by Helicoverpa armigera (HB.) on Different Genotypes of Sunflower at 
  Various Dates of Observation during 2008. 
 
 
Name of 
Genotypes 

April 12 April 15 April 18 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

A-60 0 1 0 1 0 2 1 1 4 5 2 3 
G-5 1 2 0 1 2 3 1 2 3 5 6 4 
A-179 1 1 1 2 1 1 2 1 1 3 2 3
A-79 1 1 0 1 2 2 3 2 2 2 2 3 
A-9 2 2 1 2 3 3 1 3 0 2 4 3 
OR-103 1 1 1 0 2 2 0 2 3 2 4 3 
OR-101 2 0 1 1 3 1 2 2 1 0 2 1 
OR-1008 0 2 1 0 1 3 1 2 6 6 7 5 
OR-448 1 2 1 2 2 3 2 3 3 4 4 5 
OR-928 0 1 1 2 1 2 3 3 5 6 6 4 
OR-1028 1 2 1 1 1 3 2 2 1 1 2 2 
H-38 1 0 0 2 2 1 1 2 1 0 2 0 
S-278 1 2 2 1 2 3 2 3 5 5 4 5 
H-33 2 1 1 2 3 2 3 2 2 5 5 3 
A-11 1 1 3 2 2 2 3 3 4 6 5 6 
G-53 1 2 1 2 1 3 1 2 1 2 1 2 
G-32 1 2 1 2 2 2 3 3 3 2 2 4 
A-75 2 1 0 2 3 1 2 2 2 4 3 2 
G-55 1 1 2 2 2 2 3 2 3 4 4 3 
G-7 0 1 0 2 1 2 1 3 1 2 4 3 
        2        Continue……………. 
1 
 



Name of 
Genotypes 
 

April 22 April 26 April 29 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

A-60 3 5 4 5 4 4 6 7 8 7 6 7 
G-5 5 5 7 7 10 8 8 12 12 14 13 14 
A-179 2 3 3 3 3 6 3 4 7 4 6 7 
A-79 3 3 3 2 4 3 3 4 7 5 5 7 
A-9 3 3 3 4 6 6 7 8 9 9 7 8 
OR-103 2 3 3 4 6 7 6 8 8 9 10 11 
OR-101 2 0 1 2 5 6 7 6 11 6 6 10 
OR-1008 6 6 7 6 10 10 10 11 13 15 15 10 
OR-448 3 4 5 5 9 11 11 10 15 12 14 13 
OR-928 6 7 6 7 7 10 11 10 8 11 10 15 
OR-1028 2 1 3 3 5 4 9 8 7 3 3 6 
H-38 1 0 2 2 4 4 3 3 6 5 6 8 
S-278 5 6 5 6 5 7 7 5 13 15 15 15 
H-33 4 5 4 5 10 9 10 11 8 9 12 11 
A-11 4 7 5 6 6 7 7 6 7 8 7 8 
G-53 1 4 1 4 4 6 7 6 6 6 4 8 
G-32 3 3 4 3 2 5 5 5 8 5 6 8 
A-75 2 5 3 3 6 6 6 6 11 9 12 10 
G-55 3 6 5 3 6 6 6 5 10 8 9 10 
G-7 2 3 2 3 6 7 4 3 18 7 6 8 
                Continue…………. 
 
 
 
 
 



Name of 
Genotypes 

                                               May 03                                              May 06 
R1 R2 R3 R4 R1 R2 R3 R4 

A-60 5 4 3 4 2 0 1 2 
G-5 7 11 11 10 0 3 2 2 
A-179 5 3 3 4 1 1 0 0 
A-79 4 3 2 2 0 0 0 1 
A-9 6 7 5 4 2 1 1 2 
OR-103 3 7 7 8 0 2 2 2 
OR-101 9 3 3 4 1 0 2 0 
OR-1008 9 10 9 8 3 2 0 2 
OR-448 12 8 10 11 3 0 1 0 
OR-928 4 6 8 10 1 1 0 1 
OR-1028 3 2 4 3 1 0 2 0 
H-38 5 4 3 6 2 0 0 0 
S-278 8 7 6 10 1 1 0 1 
H-33 6 4 7 5 0 3 0 1 
A-11 6 6 4 4 1 0 0 1 
G-53 3 3 2 4 3 0 2 0 
G-32 6 3 2 4 1 0 2 0 
A-75 7 8 8 7 2 1 2 1 
G-55 7 4 7 2 0 2 2 0 
G-7 6 2 3 3 1 0 1 0 
 
 
 
 
 
 
 



Appendix 2.  Data Regarding Population of Larvae  per 5 Plants of Helicoverpa armigera (HB.) on Different Genotypes of Sunflower at 
  Various Dates of Observation during 2008. 
 
 
Name of 
Genotypes 

April 12 April 15 April 18 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

A-60 0 0 1 0 1 1 0 0 0 0 1 1 
G-5 0 1 0 0 0 1 1 0 1 1 0 1 
A-179 0 0 0 0 0 1 0 0 0 0 2 0
A-79 0 0 0 1 0 0 1 1 2 0 0 1 
A-9 0 0 1 1 2 0 2 0 1 1 0 0 
OR-103 1 1 1 0 1 1 0 0 0 2 1 0 
OR-101 0 0 1 1 1 1 0 0 0 1 0 0 
OR-1008 2 0 0 2 1 2 0 1 2 0 1 2 
OR-448 0 0 1 1 0 0 0 1 1 1 0 1 
OR-928 1 2 0 0 0 2 2 0 1 2 0 1 
OR-1028 0 0 0 0 1 0 0 0 0 2 0 1 
H-38 0 0 0 0 0 0 1 0 1 0 0 1 
S-278 0 1 1 0 0 0 1 0 2 0 0 1 
H-33 0 1 0 1 0 0 2 0 1 0 0 1 
A-11 0 0 0 1 0 0 1 0 0 0 0 0 
G-53 0 1 0 0 0 1 1 0 0 0 1 1 
G-32 0 1 0 0 1 0 1 0 1 1 1 2 
A-75 0 0 1 1 0 1 2 0 0 0 2 3 
G-55 1 0 1 1 1 2 3 0 1 1 1 4 
G-7 0 1 1 0 1 1 1 0 0 0 2 2 
                Contin1ue………….. 
 
 



 
Name of 
Genotypes 
 

April 21 April 24 April 27 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

A-60 2 2 2 4 3 2 6 5 3 6 4 5 
G-5 3 2 3 5 4 5 8 4 5 6 6 7 
A-179 1 1 1 1 2 1 1 2 1 1 2 2 
A-79 0 0 1 1 2 0 0 1 1 1 0 2 
A-9 0 0 1 2 1 2 0 0 2 1 0 0 
OR-103 1 1 2 0 1 0 1 1 3 0 1 0 
OR-101 2 1 2 2 2 3 1 3 2 2 3 4 
OR-1008 4 3 4 5 5 6 4 8 6 7 6 8 
OR-448 3 2 4 4 6 5 4 4 5 5 6 7 
OR-928 2 3 3 3 5 4 3 3 5 6 4 5 
OR-1028 1 2 0 2 2 1 2 0 2 3 1 3 
H-38 1 0 2 2 3 2 0 3 2 2 0 1 
S-278 0 1 1 2 1 1 0 2 1 2 0 0 
H-33 1 1 1 0 1 1 1 1 0 1 2 0 
A-11 1 1 2 0 1 2 2 0 1 0 2 2 
G-53 0 0 1 1 0 0 1 3 0 1 2 0 
G-32 1 0 2 0 0 1 0 1 0 1 1 0 
A-75 3 1 0 0 2 1 1 0 2 1 1 1 
G-55 2 1 1 0 1 2 2 0 3 2 0 0 
G-7 3 0 2 1 2 3 0 2 1 3 0 2 
                Continue…………… 
 
 
 
 



Name of 
Genotypes 

                                      May 01                                             May 04 
R1 R2 R3 R4 R1 R2 R3 R4 

A-60 2 1 2 1 1 0 0 1 
G-5 2 2 1 2 1 0 2 0 
A-179 4 3 3 4 1 1 0 0 
A-79 4 4 6 4 1 1 0 0 
A-9 4 4 6 4 1 0 0 0 
OR-103 5 5 5 4 1 1 1 2 
OR-101 5 5 6 4 0 1 1 1 
OR-1008 6 5 5 5 1 0 0 0 
OR-448 3 2 1 3 1 0 0 2 
OR-928 3 2 1 2 1 0 1 0 
OR-1028 3 2 2 2 1 2 0 1 
H-38 6 6 7 4 1 0 1 1 
S-278 4 3 2 3 0 2 0 0 
H-33 4 3 2 3 1 0 0 1 
A-11 1 2 3 2 1 0 1 0 
G-53 1 1 1 2 0 0 2 0 
G-32 4 5 3 2 1 0 1 1 
A-75 2 0 0 1 0 1 0 2 
G-55 3 4 0 2 0 2 2 0 
G-7 4 5 3 2 0 0 1 2 
 
 
 
 
 
 
 



Appendix 3.  Data Regarding Number of eggs per 5 Plants laid by Helicoverpa armigera (HB.) on Different Selected Genotypes of  
  Sunflower at Various Dates of Observation during 2009. 
 
 
Name of 
Genotypes 

April 06 April 09 April 12 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 0 0 1 2 2 2 3 1 3 3 4 3 
G-5 0 0 1 1 2 2 2 0 2 2 3 3 
OR-44B 1 0 0 0 1 1 2 0 2 2 2 2
G-7 0 0 0 0 1 2 2 0 2 2 1 0 
OR-102B 0 0 1 0 1 1 0 0 1 1 2 0 
A-9 0 0 0 1 1 1 1 0 1 2 0 1 
A-11 0 1 0 0 0 0 1 0 1 1 1 0 
A-75 0 0 0 0 0 1 0 0 1 0 0 1 
G-53 0 0 0 0 1 1 0 0 1 1 2 0 
 
 
Name of 
Genotypes 

April 15 April 18 April 21 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 6 4 6 7 8 11 10 13 24 36 28 26 
G-5 4 5 4 3 10 9 8 9 22 24 23 20 
OR-44B 5 4 3 5 6 7 7 7 18 19 20 18 
G-7 3 2 2 4 5 6 5 6 16 17 15 17 
OR-102B 2 3 1 0 7 6 7 5 18 16 11 13 
A-9 2 2 0 0 3 4 3 2 14 13 10 10 
A-11 2 0 0 1 4 3 3 3 7 6 8 10
A-75 1 1 0 2 2 2 1 3 6 5 4 3 
G-53 0 1 0 0 4 3 2 2 8 6 2 5 
 



 
 
Name of 
Genotypes 

April 24 April 27 May 01 May 04 

 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 
OR-100 18 23 19 17 15 16 15 13 8 7 6 9 4 2 2 0 
G-5 14 15 18 13 14 12 12 11 8 6 6 7 3 3 1 0 
OR-44B 13 15 16 12 13 11 13 10 6 5 5 6 3 2 2 0 
G-7 10 11 9 8 9 8 7 6 5 5 4 3 2 0 0 2 
OR-102B 8 7 6 8 7 6 7 7 4 3 3 4 2 0 0 1 
A-9 9 6 6 3 6 3 3 5 5 3 2 3 1 0 0 0 
A-11 7 6 5 4 4 3 2 4 3 2 2 2 0 0 0 1 
A-75 6 5 3 4 3 2 2 1 2 1 2 3 1 0 0 1 
G-53 6 3 4 3 5 3 0 1 1 0 1 3 0 0 0 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 4.  Data Regarding Larval Population per 5 Plants of Helicoverpa armigera (HB.) on Different Selected Genotypes of  
  Sunflower at Various Dates of Observation during 2009. 
 
 
Name of 
Genotypes 

April 06 April 09 April 12 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100 0 0 0 1 1 1 2 0 2 2 2 1 
G-5 0 0 1 0 0 0 2 0 2 0 1 2 
OR-44B 0 0 0 0 0 1 1 0 1 1 2 1
G-7 0 0 0 0 0 1 0 0 1 1 1 0 
OR-102B 0 0 0 0 0 0 0 0 0 0 1 0 
A-9 0 0 0 0 0 0 1 0 0 1 0 0 
A-11 0 0 0 0 0 0 0 0 0 0 1 0 
A-75 0 0 0 0 0 0 0 0 0 0 1 1 
G-53 0 0 0 0 0 0 1 0 1 0 1 0 
 
 
 
Name of 
Genotypes 

April 15 April 18 April 21 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100 3 2 2 4 3 5 4 3 8 10 9 11 
G-5 2 3 3 2 5 4 4 2 7 6 6 8 
OR-44B 3 22 0 3 3 5 3 6 8 7 5 6 
G-7 2 1 1 2 2 3 2 4 5 5 4 4 
OR-102B 1 2 0 0 1 2 2 3 4 4 3 5 
A-9 0 1 2 0 2 2 1 2 3 3 4 3 
A-11 1 0 0 1 1 1 0 2 2 2 3 3 
A-75 0 0 0 2 0 0 3 2 2 2 2 1 
G-53 0 0 0 0 5 2 0 0 3 3 3 4 



 
Name of 
Genotypes 

April 24 April 27 May 01 May 04 

 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 
OR-100 11 8 8 14 8 9 9 10 4 4 5 3 2 2 1 3 
G-5 6 7 6 12 8 7 7 6 3 3 4 3 2 1 1 2 
OR-44B 7 6 5 10 7 6 5 8 2 2 4 3 1 2 0 1 
G-7 5 5 5 6 4 5 5 4 2 1 3 2 2 0 1 1 
OR-102B 5 4 5 3 4 4 4 4 2 2 1 0 1 1 2 0 
A-9 4 5 5 2 4 4 5 4 3 2 2 1 2 1 0 0 
A-11 4 4 2 3 2 3 3 2 1 1 0 2 0 0 0 1 
A-75 3 5 6 6 3 3 2 4 2 2 1 2 0 1 1 0 
G-53 4 3 5 4 4 4 3 5 3 3 2 3 2 0 0 0 
 
Appendix 5. Weather Data during 2008 and 2009 under Faisalabad Conditions. 
 
 
 
 
Dates of 
Observation 

During 2008 Dates of 
Observation 

During 2009 
Temperature RH 

(%) 
RF 
(mm) 

Temperature RH 
(%) 

RF 
(mm) Maximum Minimum Average Maximum Minimum Average

April 12 31.66  
(5.67) 

19.16 
(4.43) 

25.4 
(5.09) 

40.66 
(6.41) 

1.3 
(1.34) 

April 06 30.6 (5.57) 18.33 
(4.33) 

24.53 
(5.00) 

51.00 
(7.17) 

3.80 
(2.07) 

April 15 32.00  
(5.70) 

20.00 
(4.53) 

26.00 
(5.14) 

38.66 
(6.25) 

1.2 
(1.30) 

April 09 26.0 (5.15) 15.50 
(4.00) 

20.75 
(4.60) 

65.66 
(81.34)

18.10 
(4.31) 

April 18 30.33 
(5.55) 

15.5 
(4.00) 

22.92 
(4.83) 

34.00 
(5.87) 

6.1 
(2.56) 

April 12 29.83 
(5.51) 

16.16 
(4.08) 

22.99 
(4.84) 

55.00 
(7.44) 

0.00 
)0.71) 

April 21 35.66 19.33 27.49 23.66 0.00 April 15 35.66 21.66 28.66 41.00 0.00 



(6.01) (4.45) (2.29) (4.91) (0.71) (65.01) (4.70) (5.40) (6.44) (0.71) 
April 24 38.33  

(6.23) 
23.33 
(4.88) 

30.83 
(5.59) 

23.00 
(4.84) 

0.00 
(0.71) 

April 18 33.0 (5.78) 17.66 
(4.26) 

25.33 
(5.08) 

37.00 
(6.12) 

0.00 
(0.71) 

April 27 39.83  
(6.31) 

20.83 
(4.61) 

30.33 
(5.55) 

18.00 
(4.30) 

0.00 
(0.71) 

April 21 37.5 (6.16) 22.33 
(4.78) 

29.91 
(5.51) 

29.00 
(5.43) 

1.00 
(1.22) 

May 01 41.00  
(6.44) 

21.37 
(4.67) 

31.19 
(5.62) 

15.00 
(3.93) 

0.00 
(0.71) 

April 24 34.83 
(5.94) 

18.50 
(4.36) 

26.66 
(5.21) 

28.00 
(5.33) 

0.00 
(0.71) 

May 04 43.00  
(6.59) 

24.33 
(4.98) 

33.66 
(5.84)

13.66 
(3.76)

0.00 
(0.71) 

April 27 36.83 
(6.10)

18.50 
(4.36)

27.66 
(5.31)

27.33 
(5.27)

0.00 
(0.71)

      May 01 39.25 
(6.30) 

23.87 
(4.94) 

31.56 
(5.66) 

29.50 
(5.47) 

0.00 
(0.71) 

 
 
Appendix 6: Morpho-physical Plant Factors in different Selected Genotypes of Sunflower. 
Name of 
Genotypes 

Plant Height (cm) Yield /Head (gm) Hair Density on Midrib 
(cm) 

Hair Density on Vein (cm) 

R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 
OR-100B 128.23 126.45 129.66 127.56 37.23 32.89 46.53 40.37 46.25 48.25 42.50 49.80 34.12 40.25 38.26 39.40 
G-5 131.26 132.15 130.15 131.25 50.65 53.40 48.59 50.71 55.40 51.42 51.26 52.36 44.10 47.58 43.15 43.56 
OR-44B 134.50 133.25 131.25 133.35 73.75 65.72 56.13 63.23 36.23 37.20 42.21 41.85 27.12 33.25 29.14 29.45 
G-7 141.25 143.32 142.50 140.27 70.90 67.76 65.40 69.68 44.12 43.15 44.32 42.69 51.24 48.22 43.21 44.25 
OR-102B 160.89 158.22 161.54 160.24 68.53 74.14 67.82 72.27 40.20 41.25 39.26 38.47 41.13 43.20 40.23 41.36 
A-9 145.23 144.20 147.52 144.63 46.91 38.66 49.67 46.04 54.45 56.51 55.32 55.25 49.32 48.12 52.32 51.48 
A-11 155.24 157.25 156.22 157.28 64.85 67.32 70.40 65.56 66.23 61.28 54.14 58.81 63.25 60.41 62.25 61.96 
A-75 161.58 160.57 159.40 160.78 62.81 58.79 64.19 61.65 68.25 59.24 63.36 62.96 51.25 53.32 53.43 52.56 
G-53 149.57 150.57 150.25 149.99 70.78 67.71 70.67 69.74 69.12 67.13 66.20 65.24 61.52 63.23 60.23 62.87 
 
 
 



Name of 
Genotypes 

Hair Density on Lamina 
(cm2) 

Thickness of Leaf Lamina 
(µm) 

Leaf Area (cm2) Head Diameter (cm) 

R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 
OR-100B 2133.23 231.10 234.25 237.58 242.23 240.23 244.24 243.32 99.05 100.74 97.33 98.25 14.15 12.15 17.69 15.36 

G-5 209.26 207.18 211.23 215.45 238.21 236.50 239.25 238.54 87.15 89.17 88.99 89.56 18.22 19.22 17.58 18.25 

OR-44B 203.12 200.23 202.20 204.56 232.10 231.26 230.14 234.26 54.8 55.84 53.21 52.68 25.10 22.37 19.21 21.52 

G-7 220.25 218.32 214.10 217.78 231.15 233.20 229.23 231.23 90.28 91.98 91.05 91.54 24.36 23.29 22.28 23.96 

OR-102B 211.14 213.26 210.15 211.39 221.35 220.15 222.32 221.14 90.58 89.56 91.41 92.36 23.56 25.45 21.26 24.85 

A-9 221.41 218.25 220.15 222.23 218.14 219.10 216.20 217.51 81.24 79.69 75.88 76.44 17.28 14.25 18.29 16.95 

A-11 247.25 249.20 252.51 251.56 210.26 217.23 215.20 216.92 74.45 76.60 75.90 75.54 22.29 23.33 24.20 22.54 

A-75 263.26 260.25 251.40 261.62 213.22 219.32 214.23 215.36 81.19 80.15 81.72 82.12 21.85 20.45 22.32 21.45 

G-53 238.20 245.15 239.26 244.58 211.10 213.25 210.22 211.45 60.24 63.15 61.65 62.20 24.34 23.28 24.30 23.98 

 
 
Appendix 7: Chemical Plant Factors in different Selected Genotypes of Sunflower. 
 
Name of 
Genotypes 

ADF (%) NDF (%) Cellulose Contents (%)  Hemi-cellulose Contents (%) 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 12.33 12.36 12.34 12.33 36.12 35.10 36.16 36.15 9.24 6.31 9.27 9.30 23.79 22.74 23.82 23.82 
G-5 9.45 9.46 9.37 9.45 31.36 31.29 31.35 31.36 8.89 8.90 8.93 8.91 21.91 21.83 21.98 21.91 
OR-44B 17.31 17.32 17.31 17.33 36.17 36.12 36.13 36.14 10.40 10.42 10.41 10.42 18.86 18.80 18.82 18.81 
G-7 8.45 8.46 8.44 8.45 32.10 32.12 32.14 32.17 11.36 11.35 11.24 11.36 23.65 23.28 23.71 23.72 
OR-102B 15.34 15.36 15.37 15.36 34.21 34.20 34.27 34.25 11.49 11.48 11.50 11.49 18.86 18.84 18.90 18.89 
A-9 18.08 18.09 18.10 18.06 31.19 31.30 31.18 31.17 11.53 11.56 11.50 11.55 13.11 13.21 13.08 13.11 
A-11 17.36 17.47 17.44 17.39 35.67 35.21 35.49 35.50 13.24 13.15 13.36 13.37 18.31 17.74 18.08 18.11 
A-75 17.92 17.99 17.98 19.96 36.15 36.16 36.20 34.95 11.15 11.17 11.24 11.25 18.22 18.17 18.22 14.99 
G-53 16.36 16.37 16.36 16.36 36.24 36.17 36.23 36.34 14.24 14.28 14.18 14.19 19.88 19.80 19.87 19.98 
 
  



 
Name of 
Genotypes 

Lignin (%) Ash Contents (%) Crude Protein (%) Magnesium (%) 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 9.1 9.0 9.2 9.1 18.19 17.17 17.24 17.25 10.93 10.91 10.90 10.92 0.44 0.42 0.43 0.42 
G-5 8.4 8.6 8.5 8.6 17.37 17.36 17.37 17.36 16.40 16.38 16.37 16.39 0.50 0.51 0.50 0.52 
OR-44B 8.1 8.2 8.0 8.1 16.61 16.75 16.71 16.72 10.93 10.87 11.0 11.23 0.46 0.47 0.46 0.47 
G-7 8.9 8.8 8.8 8.7 15.25 15.37 15.27 15.26 14.21 14.22 14.21 14.24 0.48 0.48 0.48 0.47 
OR-102B 11.3 11.2 11.3 11.3 14.69 14.24 14.38 14.37 12.03 12.09 12.10 12.11 0.49 0.48 0.49 0.49 
A-9 8.9 8.7 8.6 8.7 16.72 16.81 18.74 18.75 10.90 10.93 10.94 10.93 0.51 0.51 0.50 0.51 
A-11 10.5 10.8 10.6 10.7 14.38 14.45 14.46 14.45 13.12 13.13 13.12 13.12 0.47 0.48 0.47 0.48 
A-75 11.5 11.6 11.3 11.5 13.24 13.23 13.22 13.25 12.02 12.0 12.10 12.11 0.52 0.51 0.53 0.52 
G-53 11.7 11.6 11.7 11.6 12.15 12.17 12.19 12.20 10.93 10.93 10.92 10.93 0.53 0.52 0.52 0.53 
 
 
 
 
 
Name of 
Genotypes 

Phosphorous (%) Calcium (%) Potassium (%) Copper (%) 
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 0.19 0.18 0.19 0.19 2.84 2.85 2.84 2.85 2.99 2.98 2.99 2.97 99.15 96.16 99.10 99.15 
G-5 0.36 0.35 0.36 0.35 3.24 3.23 3.24 3.24 4.13 4.15 4.14 4.14 47.24 47.23 47.27 47.25 
OR-44B 0.24 0.23 0.22 0.24 2.43 2.44 2.37 2.38 2.87 2.86 2.88 2.87 39.37 39.38 39.40 39.40 
G-7 0.29 0.28 0.27 0.27 3.13 3.12 3.13 3.14 3.0 3.01 3.02 3.03 100.17 100.16 100.19 100.18
OR-102B 0.37 0.36 0.37 0.36 3.23 3.23 3.26 3.25 4.10 4.09 4.10 4.11 32.27 32.29 32.30 32.29 
A-9 0.33 0.32 0.33 0.32 2.67 2.67 2.68 2.67 3.72 3.73 3.74 3.75 103.97 104.18 103.95 102.36
A-11 0.36 0.35 0.34 0.34 3.44 3.42 3.43 4.45 2.85 2.85 2.86 2.87 44.97 44.99 44.98 44.96
A-75 0.23 0.22 0.21 0.22 2.42 2.44 2.43 2.44 3.16 3.17 3.16 3.17 38.47 38.45 38.41 38.45 
G-53 0.38 0.36 0.37 0.36 3.18 3.19 3.20 3.21 3.97 3.98 3.97 3.98 104.24 104.27 104.25 103.45
 



 
Name of 
Genotypes 

Zinc (%) Manganese (%) 
R1 R2 R3 R4 R1 R2 R3 R4 

OR-100B 18.27 18.28 18.26 18.28 41.15 41.16 41.14 41.17 
G-5 15.47 15.46 15.47 15.46 36.39 36.40 36.39 36.40 
OR-44B 16.10 16.11 16.11 16.12 40.65 40.66 40.63 40.65 
G-7 17.21 17.24 17.20 17.23 38.24 38.27 38.24 38.26 
OR-102B 18.47 18.49 18.48 18.49 37.49 37.50 37.49 37.48 
A-9 19.10 19.14 19.13 19.12 34.50 34.50 34.51 34.52 
A-11 16.37 16.39 16.38 16.37 36.47 36.48 36.46 46.47 
A-75 15.37 15.38 15.39 15.40 40.49 40.50 40.47 40.49 
G-53 18.63 18.67 18.64 18.65 42.69 42.68 42.63 42.62 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 9: Integration of various Control methods for the Control of  Helicoverpa armigera on Egg Stage in Resistant and Susceptible Genotypes of  
  Sunflower. 
 
       EGGS COUNT BEFORE 1ST SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 3 3 4 5 8 8 7 8 

T2 Weeding  6 2 3 5 6 9 7 7 
T3 Spray of 

spinosad 
 4 3 4 3 8 8 7 9 

T4 Spray of 
Neem Seed 
Kernal Extract 

 2 2 5 8 10 9 7 7 

T5 Weeding + 
Release of C. 
carnea Cards 

 2 2 5 4 6 6 8 11 

T6 NSKE + 
Release of C. 
carnea Cards 

 4 3 3 2 5 8 9 9 

T7 Weeding + 
Spray of 
NSKE 

 3 4 3 4 8 7 5 6 

T8 Weeding + 
Spray of 
spinosad 

 5 2 3 3 10 5 7 10 

T9 Weeding + 
NSKE + C. 
carnea 

 3 4 5 5 6 7 9 8 

T10 Control  2 3 4 7 7 8 8 9 
 
 
 
 



       EGGS COUNT 2-DAYS AFTER 1ST SPRAY PER 5 PLANTS 
 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 4 6 8 8 11 10 8 12 

T2 Weeding  4 7 6 6 12 10 9 16 
T3 Spray of 

spinosad 
 2 2 3 2 4 3 4 2 

T4 Spray of 
Neem Seed 
Kernal Extract 

 3 4 5 4 8 7 9 11 

T5 Weeding + 
Release of C. 
carnea Cards 

 3 5 5 6 5 5 6 7 

T6 NSKE + 
Release of C. 
carnea Cards 

 2 3 3 5 3 3 4 6 

T7 Weeding + 
Spray of 
NSKE 

 3 2 4 3 6 7 6 8 

T8 Weeding + 
Spray of 
spinosad 

 1 0 0 1 2 3 0 3 

T9 Weeding + 
NSKE + C. 
carnea 

 2 3 3 4 6 7 6 5 

T10 Control  5 7 8 9 13 11 11 16 

 
 
 
 
 



       EGGS COUNT 4-DAYS AFTER 1ST SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 9 12 12 7 13 16 24 23 

T2 Weeding  10 12 11 11 16 18 23 20 
T3 Spray of 

spinosad 
 0 0 0 1 2 0 1 1 

T4 Spray of 
Neem Seed 
Kernal Extract 

 10 8 11 6 13 15 16 14 

T5 Weeding + 
Release of C. 
carnea Cards 

 9 12 10 7 11 14 13 11 

T6 NSKE + 
Release of C. 
carnea Cards 

 8 7 8 6 9 10 13 10 

T7 Weeding + 
Spray of 
NSKE 

 10 11 11 9 10 13 18 19 

T8 Weeding + 
Spray of 
spinosad 

 0 1 0 0 3 0 0 2 

T9 Weeding + 
NSKE + C. 
carnea 

 6 5 4 3 8 11 13 10 

T10 Control  11 13 12 10 18 19 26 24 

 
 
 
 
 
 



 
       EGGS COUNT 6-DAYS 1ST SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 11 13 11 10 15 18 16 19 

T2 Weeding  17 18 11 13 20 19 23 21 
T3 Spray of 

spinosad 
 0 1 0 0 1 0 2 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 10 12 10 9 17 18 15 19 

T5 Weeding + 
Release of C. 
carnea Cards 

 9 6 8 10 14 15 15 17 

T6 NSKE + 
Release of C. 
carnea Cards 

 8 9 6 7 13 16 14 16 

T7 Weeding + 
Spray of 
NSKE 

 7 8 9 7 14 13 18 14 

T8 Weeding + 
Spray of 
spinosad 

 1 0 0 0 0 1 0 1 

T9 Weeding + 
NSKE + C. 
carnea 

 7 6 7 5 10 11 13 12 

T10 Control  19 18 14 16 25 31 32 27

 
 
 
 
 



 
       EGGS COUNT 8-DAYS AFTER 1ST  SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 5 5 3 5 6 7 7 6 

T2 Weeding  14 16 13 13 13 11 10 12 
T3 Spray of 

spinosad 
 2 3 0 2 5 5 6 6 

T4 Spray of 
Neem Seed 
Kernal Extract 

 6 8 10 10 10 9 11 8 

T5 Weeding + 
Release of C. 
carnea Cards 

 3 5 4 3 7 7 6 3 

T6 NSKE + 
Release of C. 
carnea Cards 

 4 3 5 2 8 4 6 5 

T7 Weeding + 
Spray of 
NSKE 

 5 3 5 5 9 8 5 7 

T8 Weeding + 
Spray of 
spinosad 

 2 1 1 1 4 7 5 3 

T9 Weeding + 
NSKE + C. 
carnea 

 3 2 2 1 3 4 3 2 

T10 Control  16 18 17 14 23 29 27 28

 
 
 
 
 



       EGGS COUNT 2-DAYS AFTER 2ND  SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 4 4 3 3 7 4 6 6 

T2 Weeding  10 11 13 12 16 19 21 18 
T3 Spray of 

spinosad 
 0 0 0 0 0 0 2 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 6 7 7 8 11 11 13 10 

T5 Weeding + 
Release of C. 
carnea Cards 

 3 2 2 2 6 5 5 8 

T6 NSKE + 
Release of C. 
carnea Cards 

 2 2 1 3 5 6 6 5 

T7 Weeding + 
Spray of 
NSKE 

 5 5 6 4 8 7 7 5 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 0 

T9 Weeding + 
NSKE + C. 
carnea 

 2 1 1 0 4 3 2 3 

T10 Control  12 11 14 13 18 22 21 19 

 
 
 
 
 
 



       EGGS COUNT 4-DAYS AFTER 2ND  SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 2 2 3 2 4 6 5 4 

T2 Weeding  8 8 6 7 11 10 13 16 
T3 Spray of 

spinosad 
 0 0 0 0 0 0 0 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 5 6 5 6 8 7 8 6 

T5 Weeding + 
Release of C. 
carnea Cards 

 2 3 0 1 3 5 3 3 

T6 NSKE + 
Release of C. 
carnea Cards 

 2 2 1 0 3 4 2 2 

T7 Weeding + 
Spray of 
NSKE 

 3 3 4 2 6 5 3 5 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 0 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 1 0 1 0 

T10 Control  10 11 8 10 16 14 15 19 

 
 
 
 
 
 



 
       EGGS COUNT 6-DAYS AFTER 2ND  SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 2 3 0 0 5 3 5 2 

T2 Weeding  7 6 5 6 9 9 8 10 
T3 Spray of 

spinosad 
 1 0 0 1 2 0 1 1 

T4 Spray of 
Neem Seed 
Kernal Extract 

 3 5 5 6 8 7 6 5 

T5 Weeding + 
Release of C. 
carnea Cards 

 2 2 0 2 3 6 4 2 

T6 NSKE + 
Release of C. 
carnea Cards 

 2 0 2 0 4 5 0 3 

T7 Weeding + 
Spray of 
NSKE 

 4 3 2 3 5 6 8 7 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 1 0 0 0 

T9 Weeding + 
NSKE + C. 
carnea 

 1 0 0 2 3 0 0 3 

T10 Control  8 8 7 8 12 13 11 14

 
 
 
 
 



 
       EGGS COUNT 8-DAYS AFTER 2ND  SPRAY PER 5 PLANTS 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 4 2 3 2 3 5 3 4 

T2 Weeding  5 5 2 3 6 7 6 8 
T3 Spray of 

spinosad 
 3 0 2 2 3 4 5 4 

T4 Spray of 
Neem Seed 
Kernal Extract 

 5 3 3 3 4 3 5 8 

T5 Weeding + 
Release of C. 
carnea Cards 

 2 2 3 0 3 2 2 3 

T6 NSKE + 
Release of C. 
carnea Cards 

 3 1 2 2 4 3 2 5 

T7 Weeding + 
Spray of 
NSKE 

 4 2 3 2 5 5 3 4 

T8 Weeding + 
Spray of 
spinosad 

 2 0 0 2 3 3 4 2 

T9 Weeding + 
NSKE + C. 
carnea 

 3 2 0 0 3 3 0 2 

T10 Control  6 4 5 5 8 11 9 10

 
        
 
 
 
 



Appendix 10: Integration of various Control methods for the Control of  Helicoverpa armigera on Larval Population per 5-plants in Resistant and Susceptible 
  Genotypes of  Sunflower. 
 
 

LARVAL POPULATION PER 5 PLANTS BEFORE 1st  SPRAY 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 1 4 3 4 4 5 5 7 

T2 Weeding  2 2 3 4 5 6 5 4 
T3 Spray of 

spinosad 
 2 3 4 2 3 5 8 7 

T4 Spray of 
Neem Seed 
Kernal Extract 

 4 3 3 3 5 6 4 3 

T5 Weeding + 
Release of C. 
carnea Cards 

 5 3 1 0 2 5 4 6 

T6 NSKE + 
Release of C. 
carnea Cards 

 4 3 2 2 4 8 7 2 

T7 Weeding + 
Spray of 
NSKE 

 2 2 3 4 5 6 3 7 

T8 Weeding + 
Spray of 
spinosad 

 3 2 3 3 4 6 5 8 

T9 Weeding + 
NSKE + C. 
carnea 

 2 4 3 3 5 6 7 5 

T10 Control  3 4 3 4 6 5 5 9 

 
 
 



 
LARVAL POPULATION PER 5 PLANTS 2-DAYS AFTER 1ST   SPRAY 

Treatment # Name of 
Treatment 

Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 
R1 R2 R3 R4 R1 R2 R3 R4 

T1 Release of 
Chrysoperla 
Carnea Cards 

 1 0 1 0 0 2 0 2 

T2 Weeding  2 2 3 2 6 5 7 6 
T3 Spray of 

spinosad 
 0 0 1 0 0 0 1 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 1 0 2 1 5 2 2 3 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 1 1 0 3 0 2 4 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 1 0 0 0 2 0 2 

T7 Weeding + 
Spray of 
NSKE 

 1 2 0 0 3 0 4 5 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 1 

T9 Weeding + 
NSKE + C. 
carnea 

 1 0 0 1 0 2 1 2 

T10 Control  3 2 4 3 7 6 7 7 

 
 
 
 
 
 



 
LARVAL POPULATION PER 5 PLANTS 4-DAYS AFTER 1ST   SPRAY 

Treatment # Name of 
Treatment 

Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 
R1 R2 R3 R4 R1 R2 R3 R4 

T1 Release of 
Chrysoperla 
Carnea Cards 

 2 0 0 1 3 2 2 3 

T2 Weeding  3 3 4 3 7 6 5 8 
T3 Spray of 

spinosad 
 0 0 1 0 0 1 1 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 2 2 3 2 4 5 5 6 

T5 Weeding + 
Release of C. 
carnea Cards 

 1 0 0 1 2 0 1 2 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 1 0 1 0 0 3 1 

T7 Weeding + 
Spray of 
NSKE 

 2 2 1 2 4 4 3 2 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 2 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 0 2 2 

T10 Control  4 3 5 4 8 7 6 9 

 
 
 
 
 
 



 
LARVAL POPULATION PER 5 PLANTS 6-DAYS AFTER 1ST SPRAY 

Treatment # Name of 
Treatment 

Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 
R1 R2 R3 R4 R1 R2 R3 R4 

T1 Release of 
Chrysoperla 
Carnea Cards 

 0 0 1 2 3 
 
 

3 1 1 

T2 Weeding  4 3 2 4 6 8 8 8 
T3 Spray of 

spinosad 
 0 0 0 0 0 1 0 1 

T4 Spray of 
Neem Seed 
Kernal Extract 

 2 2 2 1 5 5 4 3 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 2 1 1 3 2 3 0 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 0 1 1 0 2 0 1 

T7 Weeding + 
Spray of 
NSKE 

 1 2 3 0 4 3 4 2 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 2 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 0 0 0 

T10 Control  5 2 4 6 8 9 7 8 

 
 
 
 
 
 



LARVAL POPULATION PER 5 PLANTS 8-DAYS AFTER 1ST SPRAY 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 0 1 1 0 0 0 2 2 

T2 Weeding  4 4 3 2 6 5 8 7 
T3 Spray of 

spinosad 
 0 3 0 0 2 4 3 2 

T4 Spray of 
Neem Seed 
Kernal Extract 

 3 3 2 4 6 4 5 6 

T5 Weeding + 
Release of C. 
carnea Cards 

 1 0 0 1 0 0 3 3 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 0 1 0 2 0 2 0 

T7 Weeding + 
Spray of 
NSKE 

 3 2 3 2 4 5 5 5 

T8 Weeding + 
Spray of 
spinosad 

 3 2 2 2 5 3 6 4 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 1 0 0 

T10 Control  5 3 4 7 8 7 10 9 

 
 
 
 
 
 
 



 
 
 
 
 
 

LARVAL POPULATION PER 5 PLANTS 2-DAYS AFTER 2ND  SPRAY 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 0 2 0 0 0 0 2 2 

T2 Weeding  3 5 3 4 5 8 3 6 
T3 Spray of 

spinosad 
 0 0 0 0 0 0 1 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 3 0 0 2 3 3 4 2 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 1 0 1 2 1 1 2 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 0 0 1 2 0 0 1 

T7 Weeding + 
Spray of 
NSKE 

 0 0 1 1 3 0 4 5 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 0 0 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 1 1 0 

T10 Control  4 3 5 6 6 11 11 3 

 



 
LARVAL POPULATION PER 5 PLANTS 4-DAYS AFTER 2ND  SPRAY 

Treatment # Name of 
Treatment 

Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 
R1 R2 R3 R4 R1 R2 R3 R4 

T1 Release of 
Chrysoperla 
Carnea Cards 

 0 0 0 2 0 1 1 2 

T2 Weeding  2 4 5 3 7 5 5 3 
T3 Spray of 

spinosad 
 0 0 0 1 0 0 2 1 

T4 Spray of 
Neem Seed 
Kernal Extract 

 2 0 2 2 3 4 2 2 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 0 2 0 0 2 0 1 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 0 1 0 0 0 2 0 

T7 Weeding + 
Spray of 
NSKE 

 2 0 0 1 3 2 2 0 

T8 Weeding + 
Spray of 
spinosad 

 0 1 0 0 1 0 0 2 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 0 0 0 

T10 Control  3 4 5 5 8 7 6 5 

 
 
 
 
 
 



 
LARVAL POPULATION PER 5 PLANTS 6-DAYS AFTER 2ND  SPRAY 

Treatment # Name of 
Treatment 

Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 
R1 R2 R3 R4 R1 R2 R3 R4 

T1 Release of 
Chrysoperla 
Carnea Cards 

 0 0 1 0 2 0 3 3 

T2 Weeding  2 2 2 2 2 8 2 4 
T3 Spray of 

spinosad 
 0 0 0 1 0 2 0 0 

T4 Spray of 
Neem Seed 
Kernal Extract 

 1 2 2 2 3 3 3 6 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 2 0 0 2 2 0 1 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 0 2 0 0 0 3 2 

T7 Weeding + 
Spray of 
NSKE 

 1 1 0 1 2 3 0 3 

T8 Weeding + 
Spray of 
spinosad 

 0 0 0 0 0 0 1 0 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 0 0 0 0 0 0 

T10 Control  2 3 1 4 7 6 4 8 

 
 
 
 
 
 



 
 

LARVAL POPULATION PER 5 PLANTS 8-DAYS AFTER 2ND  SPRAY 
Treatment # Name of 

Treatment 
Dose Resistant Genotype (G-53) Susceptible Genotype OR-100B 

R1 R2 R3 R4 R1 R2 R3 R4 
T1 Release of 

Chrysoperla 
Carnea Cards 

 0 1 1 0 2 3 2 2 

T2 Weeding  2 2 1 2 3 4 5 3
T3 Spray of 

spinosad 
 1 1 1 0 2 0 2 1 

T4 Spray of 
Neem Seed 
Kernal Extract 

 2 0 0 2 3 3 2 3 

T5 Weeding + 
Release of C. 
carnea Cards 

 0 0 1 0 1 0 2 0 

T6 NSKE + 
Release of C. 
carnea Cards 

 0 1 1 0 2 0 1 2 

T7 Weeding + 
Spray of 
NSKE 

 3 2 0 2 3 3 2 2 

T8 Weeding + 
Spray of 
spinosad 

 1 0 2 0 3 2 2 1 

T9 Weeding + 
NSKE + C. 
carnea 

 0 0 1 0 0 0 2 0 

T10 Control  2 1 3 2 4 5 6 3 
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