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ABSTRACT 
During present study “bio-intensive integrated pest management module for the control of 
cabbage butterfly (Pieris brassica L.) under field conditions in Faisalabad ecological conditions” 
was designed. Eighteen genotypes of cauliflower viz. Candid Charm, Cash Mere, Cauliflower 
Desi, Cool Sun-70, Cool Sun-71, Early Kanwari, Shumaila F1 H, Pari, Pari F1 H, Snow Ball, 
Snow Crown, Snow Drift, Snow Grace, White Corona H, White Excel, White Island, White 
Magic H and White Shot H were sown during 2008 to screen the resistant, susceptible and 
intermediate genotypes based on population density of P. brassicae/ plant. From this trail, two 
genotypes viz. Cool Sun-70 and Cauliflower Desi, Cash Mere and White Island and Shumaila F1 
H and Pari F1 H showing as susceptible, intermediate and resistant responses were selected for 
further studies. These genotypes were sown again under field conditions during 2009 to confirm 
the previous results. Role of weather factors were also determined in population fluctuation of the 
pest. The application of Entomopathogenic nematodes (EPNs) @ 1482 g/ha,  EN + release of  
Trichogrammachilonis cards (TC)  for 8 times,  EPN + spray of spinosad 240 SC @ 125 ml/ha  
and EPN + neem nut oil (NNO) 2.5 percent @ 6.17 lit/ha as module one (M1); release of TC card 
and Chrysoperlacarnea (CC), release of TC and spray of spinosad, release of TC and spray of 
NNO and release of TC and collection of eggs for 8 times as module (M2); spray of NNO, spray 
of NNO and spinosad, spray of NNO and collection of larvae and spray of NNO and collection of 
eggs as module (M3) and spray of spinosad alone and in combination with collection of eggs, 
collection of larvae and use of sticky rackets of yellow color as module (M4) were tested for bio-
intensive management strategy to find out an effective, easy to apply and safe method of control 
for the recommendations to the farmers. It was recorded that the population of P. brassicae 
differed significantly among genotypes, dates of observations and in their interactions. The 
genotype cool son-70 was found as susceptible, pari F1 H appeared as resistant showing 30.02 
and 3.44 sepecimen/plant of P. brassicae, respectively during 2008; high population was 
observed on 8th October, 2008 and thereafter, decreasing trend was observed. The selected 
genotypes viz. Cool Sun-70, Cauliflower Desi, Cash Mere, White Island, Shumaila F1H and Pari 
F1 H differed significantly with each other regarding per plant population density of P. brassicae 
during 2009. The highest population was observed as 28.71/plant on Cool Sun-70, whereas 
minimum population was recorded as 15.45/plant on Pari F1 H and both these cultivars were 
proved as susceptible and resistant, respectively. The results pertaining to host plant susceptibility 
indices in various selected genotypes of cauliflower based on population density of P. 
brassicae/plant during 2008 and 2009 revealed that Cool Sun-70 was comparatively susceptible  
showing maximum HPSI i.e. 27%, whereas Pari F1 H was recorded as resistant with 09% HPSI. 
Temperature variations showed positive and significant correlation with the pest population 
during 2008, whereas relative humidity responded negative and significant correlation; and 
similar trend was recorded during 2009. Rainfall played non-significant role on pest fluctuation. 
However, maximum temperature was most effective for pest population (67.2, 77.2 and 68.3%) 
and significant difference were recorded among treatments and treatments in which applications 
of spinosad alone are in combinations with other control tactics resulted in utmost control of the 
pest both in resistant as well as susceptible genotypes. While, module (M4) comprised of sprays 
of (spinosad @ 125 ml/ha alone, and in combination with collection of eggs, collection of larvae 
and installation of sticky rackets of yellow color) proved as the best module; resulted in minimum 
pest population and maximum cost benefit ratio i.e. 41.53 and 38.76  for resistant and susceptible 
genotypes, respectively. 
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Chapter-1             INTRODUCTION 

Cauliflower Brassica oleracea is one of several vegetables in the family of 

Brassicaceae. It is an annual plant that is reproduced by seed. Typically, only the head 

(the white curd) is eaten. The cauliflower head is composed of a white inflorescence 

meristem. Cauliflower heads resemble those in broccoli, which differs in having flower 

buds.  Its name is from Latin caulis (cabbage) and flower. 

 Cauliflower has a long history. The first reliable reference to cauliflower is found 

in the writings of the Arab Muslim scientists Ibn al-Awwam and Ibn al-Baitar between 

the 12th and 13th centuries (Fenwick et al., 1982). After that François Pierre La Varenne 

employed chouxfleurs in Le cuisinier françois. They had been introduced to France from 

Genoa in the 16th century. Cauliflower is an important vegetable of Pakistan, grown over 

an area of 3836 ha with annual production of 58653 tones (GOP, 2000). Pakistan is 

included in top ten cauliflower producing countries in the world with 11400 hectares of 

harvested area, 183333 hectogram/ hectare of yield and 209000 tones of production per 

annum (Anonymous, 2008). 

Major groups and different colors of Cauliflower 

There are four major groups of cauliflower (Krips, 1982). Italian group is diverse in 

appearance, and biennial and annual in type, this group includes white, Romanesco, 

various green, purple, brown and yellow cultivars. This type is the ancestral form from 

which the others were derived. Other group is Northwest European biennial used in 

Europe for winter and early spring harvest, this was developed in France in the 19th 

century, and includes the old cultivars Roscoff and Angers. Northern European 

annuals are used in Europe and North America for summer and fall harvest, it was 

developed in Germany in the 18th century, and includes old cultivars Erfurt and 

Snowball. Asian group are tropical cauliflower used in China and India, it was developed 

in India during the 19th century from the now-abandoned Cornish type (Swarup and 

Chatterjee,1972) and includes old varieties Early Patna and Early Benaras. There are 

hundreds of historic and current commercial varieties used around the world. 

There are different colours of cauliflower. White cauliflower is the most common colour 

of cauliflower. Orange cauliflower (B. oleracea L. var. botrytis) contains 25 times the 

level of vitamin A of white varieties. This trait came from a natural mutant found in a 

cauliflower field in Canada (Dickson et al., 1988). Cultivars include 'Cheddar' and 
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'Orange Bouquet'. Green cauliflower, of the B. oleracea botrytis group, is sometimes 

called broccoflower. It is available both with the normal curd shape and a variant spiky 

curd called Romanesco broccoli. Both types have been commercially available in the U.S. 

and Europe since the early 1990s; Green-curded varieties;  'Alverda', 'Green Goddess' and 

'Vorda'. Romanesco varieties; 'Minaret' and 'Veronica'. Purple color in cauliflower is 

caused by the presence of the antioxidant group anthocyanins, which can `also be found 

in red cabbage and red wine varieties 'Graffiti' and 'Purple Cape'. In Great Britain and 

Southern Italy, a broccoli with tiny flower buds is sold as a vegetable under the name 

"purple cauliflower". It is not the same as standard cauliflower with a purple curd. 

Nutritional Value 

  Cauliflower is excellent human food having high nutritive value. The yield and 

quality of the vegetable are very complex characters depending on certain biological 

alignments between environments and heredity. The characteristics of a variety as well as 

combination of trials differ according to the climatic conditions of the localities (Azam, 

1981). Continuous efforts are being made by the seed industry and growers to improve 

cauliflower production. Variety selection and crop management practices are the main 

factors that contribute to grow profitable cauliflower (Zerkoune, 2000). 

Table 1: Nutritional Value of Cauliflower 

Cauliflower, raw (edible parts) 

Nutritional value per 100 g (3.5 oz) 

Energy 103 kJ (25 kcal) 

Carbohydrates 5 g 

Sugars 1.9 g 

Dietary fiber 2 g 

Fat 0.3 g 

Protein 2 g 

Water 92 g 

Thiamine (vit. B1) 0.05 mg (4%) 

Riboflavin (vit. B2) 0.06 mg (5%) 

Niacin (vit. B3) 0.507 mg (3%) 

Pantothenic acid (B5) 0.667 mg (13%) 

Vitamin B6 0.184 mg (14%) 

Folate (vit. B9) 57 μg (14%) 

Vitamin C 48 mg (58%) 
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Caulifl

ower is low in 

fat, low in 

carbohydrates 

but high in 

dietary fiber, 

folate, water, 

and vitamin C, 

possessing a high nutritional density. Cauliflower contains several phytochemicals, 

common in the cabbage family that may be beneficial to human health. Sulforaphane, a 

compound released when cauliflower is chopped or chewed, may protect against cancer, 

other glucosinolates, carotenoids (Science Daily, 2009), Indole-3-carbinol, a chemical that 

enhances DNA repair (Science Daily, 2010) and acts as an estrogen antagonist, slowing 

the growth of cancer cells. Boiling reduces the levels of these compounds, with losses of 

20–30% after 5 minutes, 40–50% after 10 minutes, and 75% after 30 minutes. However, 

other preparation methods, such as steaming, microwaving, and stir frying, have no 

significant effect on the compounds. A high intake of cauliflower has been associated 

with reduced risk of aggressive prostate cancer (Kirsh et al., 2007). 

 

The Insect pests of Cauliflower 

Insects are among the most abundant and successful of terrestrial animals. They 

damage or destroy crops and domestic animals. They transmit diseases of plants and 

animals. On the other hand they may be valuable in providing beneficiary products and 

pollinating crops, control other species of noxious insects and weeds. Diamondback moth 

(Plutella xylostella Linn.), head caterpillar (Crocidolomia binotalis Zeller), webworm 

(Hellula undalis Fab.), cabbage butterflies (Pieris brassicae and Pieris rapae Linn.), 

aphids (Lipaphis erysimi Kaltenbach and Brevicoryne brassicae Linn.) and flea beetle 

(Phyllotreta brassicae) are common insect pests on brassica vegetable (Hasan and Ansari, 

2010, 2011). 

Cabbage butterfly (Pieris brassicae). 

 Pieris brassicae (L.) is a destructive cosmopolitan pest of cruciferous crops. It is 

present wherever its host plants occur and it is considered to be one of the most widely 

Vitamin K 15.5 μg (15%) 

Calcium 22 mg (2%) 

Iron 0.42 mg (3%) 

Magnesium 15 mg (4%) 

Phosphorus 44 mg (6%) 

Potassium 299 mg (6%) 

Sodium 30 mg (2%) 

Zinc 0.27 mg (3%) 

Percentages are relative to 
US recommendations for adults. 

Source: USDA Nutrient Database 
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eggs 

larvae 

pupae 

adult 

distributed of all the Lepidoptera. P. brassicae is regarded as an oligophagous insect with 

the larvae feeding specifically on members of family Brassicaceae (Hwang et al., 2008; 

Hasan and Ansari, 2010) which contains mustard oil glucosides. It has a Palearctic 

distribution from North Africa across Europe and Asia to the Himalayan Mountains 

(Jainulabdeen and Prasad, 2004) 

Life cycle of cabbage butterfly (Pieris brassicae). 

The adult butterfly is quite characteristic and can be seen easily in the field, while 

laying eggs with longitudinal ridges. Eggs are laid in batch of 20-100 mostly on the 

underside of the leaves. They hatch about 1-2 weeks later depending on the temperature. 

The larvae pass through five instars and feed gregariously; fully grown in 24 days. 

Pupation takes place in solid substrate in about 10-15 days and second generation 

emerges. The cabbage butterfly, Pieris brassicae Linn. (Lepidoptera: Pieridae) is a 

common insect pest of cauliflower and other important crops. Young larvae graze away 

the lower epidermis of the leaves whereas the older larvae cause extensive defoliation and 

often reduce plants to a skeleton of stems and major veins; it may also kill the plant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Life cycle of cabbage butterfly 

 

Host plant Response against insect herbivory 

The plants react and defend themselves against insect pests by the following ways 
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• Pre-formed structures and compounds that contribute to resistance 

• Plant cuticle/surface 

• Plant cell walls 

• Antimicrobial chemicals (for example: glucosides, saponins) 

• Antimicrobial proteins 

• Enzyme inhibitors 

• Detoxifying enzymes that break down pathogen-derived toxins 

• Receptors that perceive pathogen presence and activate inducible plant defenses 

Bernays and Chapman (1994) reported that the thickness of wax layer, physiological age, 

as well as the peculiarities and biochemical composition of the cabbage plant leaf are 

among the most significant factors contributing the suitable oviposition place by the 

cabbage butterfly. Lin et al. (2001) investigated resistance to cabbage butterfly larvae’s 

attack of a transgenic insect resistant rape seed line carrying the Bt (Bacillus 

thuringiensis) insecticidal protein gene. They observed that the death rate of the pest was 

11.11 % to 12.50 %, 35.71%, 66.67%, 33.33% and 50.00% at the first, second, third, 

fourth and fifth instar stage of the larvae and at the pupal stage, respectively, 

Main Strategies used to control Insect pests 

 One of the major problems in cauliflower cultivation is insect pests. Massive 

quantities of synthetic insecticides are used, giving rise to major concerns about food 

safety and environmental pollution in addition to the high chemical and labor costs. 

Makhdoomi et al. (1982) has mainly been confined to the study of biology and chemical 

control measures against this pest in Pakistan and no work has been done so far on the 

population dynamics and IPM of this insect pest. However, Prasad (1963) did research 

work on the infestation of cabbage crop by different insect pests and recorded that the 

yield was reduced by 30-50% due to damage by various insect pests and of which 

cabbage butterfly contributed the major damage part. 

1- Chemical Control 

  Different insecticides are being used against insect pests like cypermethrin, 

deltaphos etc but indiscriminate and repeated use of insecticides has caused problems 

relating to health, environmental pollution and development of resistance in insects 

against insecticides.  
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 Having mentioned cabbage pest problems and the need for effective control in 

general, it is also important to understand issues from the farmer’s point of view. 

Sometimes some research programmes need scientists to know what has been happening 

in a particular site before they can start a study i.e. asking the farmers about what they 

know about the site, because it is assumed that they spend more time in their fields than 

the scientists.  

 Some issues often tend to arise, such as a lack of knowledge about insects, insect-

related beliefs, low levels of understanding of visual literacy and language barriers, and 

hence there is a crucial need for conducting research to close the knowledge gap among 

farmers, agricultural scientists and extension workers to ensure better Pests Management. 

2- Biological Control. 

Some work has been done on study of biology, chemical control measures against 

this pest by Jalali, and Rabindra (2003) .Under certain conditions, natural enemies of 

pests are effective in reducing the problems to acceptable levels. Different types of 

beneficial insects, entomoparasites, entomoviruses, entomofungus and entomopathogen 

nematodes have been used in IPM programmes. 

3-Spinosad 

 Spinosad is a relatively new insect killer that was discovered from soil in an 

abandoned rum distillery in 1982. Produced by fermentation, Spinosad can be used on 

outdoor ornamentals, lawns, vegetables and fruit trees, to control caterpillars, thrips, 

leafminers, borers, fruit flies. The insects must ingest Spinosad, therefore it has little 

effect on sucking insects and non-target predatory insects. Spinosad is relatively fast 

acting. The pest insect dies within 1 to 2 days after ingesting the active ingredient. 

Sunlight and soil microbes break it down into carbon, hydrogen, oxygen and nitrogen. It 

is reproduced as New chemistry molecule for insect control, and is also considered a Bt 

replacement; more effective pest control can be obtained on vegetable & fruit crops, 

ornamentals, lawns, and turf. It controls caterpillars as well as beetles, leafminers, thrips, 

borers;  fire ants in lawns and other outdoor areas.  

 Spinosad does not significantly affect beneficial organisms including ladybugs, 

green lacewings, minute pirate bugs, and predatory mites. It can harm bees when they are 

directly exposed to it.  

4-Chrysoperla carnea 
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Adult (Chrysoperla) Chrysoperla Larvae eating aphid 

 Green lacewings are insects in the large family Chrysopidae of the order 

Neuroptera. There are about 85 genera and (differing between sources) 1,300–2,000 

species in this widespread group. Members of the genera Chrysopa and Chrysoperla are 

very common in North America and Europe. They are very similar and many of their 

species have been moved from one genus to the other time and again, and in the non-

scientific literature assignment to Chrysopa and Chrysoperla can rarely be relied upon. 

Since they are the most familiar neuropterids to many people, they are often simply called 

"lacewings", but actually most of the diversity of Neuroptera are properly referred to as 

some sort of "lacewing", so common by lacewings is preferable. 

 Eggs are deposited at night, singly or in small groups; one female lays  100–200 

eggs. Eggs are placed on plants, usually where aphids are present nearby in numbers. 

Each egg is hung on a slender stalk about 1 cm long, usually on the underside of a leaf. 

Immediately after hatching, the larvae moult, then ascend the egg stalk to feed. They are 

voracious predators, attacking most insects of suitable size, especially soft-bodied ones; 

aphids, caterpillars and other insect larvae, insect eggs, and at high population densities 

also each other. 

 

 

 

 

 

 

 

                                           Fig. 2: Adult and larva of Chrysoperla carnea 

 

Trichogramma are extremely tiny wasps in the family Trichogrammatidae. While 

it is uncommon for an insect’s scientific name, especially one so long and unusual as 

Trichogramma, to also become its common name, the commercial development of this 

natural enemy and the fact that it attacks so many important caterpillar pests has earned it 

a place in the popular vocabulary of many pest management advisors and producers. 

 Today, Trichogramma species are the most widely used insect natural enemy in 

the world (Li 1994), partly because they are easy to mass rear and they attack on many  
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insect pests. Nine species of Trichogramma are reared in private or government owned 

insectaries around the world and released annually on an estimated 80 million acres of 

agricultural crops and forests in 30 countries (Li 1994 and Olkowski; Zhang. 1990). The 

countries of the former Soviet Union lead in Trichogramma production, followed by 

China and Mexico. Trichogramma are released to control some 28 different caterpillar 

pests attacking corn, rice, sugarcane, cotton, vegetables, sugar beets, fruit trees and pine 

and spruce trees. Most releases are to control corn borers, sugarcane borers and cotton 

bollworm. 

 In 1968, T. evanescens was introduced from Europe into Southern California and 

Missouri for control of imported cabbage worm and cabbage looper on cabbage. A specie 

from Russia, T. euproctidis, was imported and released in cotton in Georgia in 1975 

(Johnson et al., 1986). In 1993, Trichogrammatoidea bactrae was introduced from 

Australia into California and Arizona for control of the pink bollworm in cotton (Naranjo, 

1993). The establishment of these three introduced species has not been documented. 

During 1993-96, T. ostriniae was imported from China and released in New York for 

control of European corn borer in sweet corn (Pinto and Stouthamer, 1994). 

5-Use of Neem Nut Oil 

Some house plant insecticides are derived from seed extracts of the neem plant, a 

commonly grown tree in many tropical areas. Neem seed contains materials that disrupt 

insect growth and is useful for control on developing whiteflies and some other insects. 

Neem seed also contains oils that may be used in a manner similar to other horticultural 

oils and is sold in products labelled as containing “clarified hydrophobic extracts of neem 

seed.” It is non toxic to humans, birds, earthworms or animals. The different types of 

arthritis ailments can be attributed to autoimmune disorders, infections, the result of wear 

and tear on the joints or inflammation. Tests in Germany showed  that neem extracts are 

toxic to the herpes of pupae) of Neem EC (1% azadirachtin)  on the large cabbage white 

butterfly (P. brassicae) virus and can quickly heal cold sores (Schmutterer, 1992) and can 

be used for many other medical purpose. Grisakova et al. (2006) studied the effects 

(duration of the larval stage, mortality of larval and pupae, and weight of pupae) of Neem 

EC (1% azadirachtin) on the large cabbage white butterfly (P. brassicae). 

6-Use of Yellow sticky traps 

 Yellow sticky traps are a non toxic way to control and monitor aphids, cucumber 

beetles, fruit flies, fungus gnats, leafhoppers, froghoppers, moths, whiteflies, flea beetles, 

leaf miners etc. An integral part of any integrated pest management program (IPM) they 
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can be used in greenhouses, homes, orchards, flower and vegetable gardens,  anywhere 

insects are a problem. The glue does not dry out and the traps will last until the surface 

area is completely covered with insects, even through rain. These traps are sold 

commercially or you can easily make them by cutting bright yellow cardboard and 

covering it with petroleum jelly or some other sticky material. However, trapping alone 

will not entirely eliminate problems because  of high population, including the younger 

stages remains on or about the plants. In more recent years some growers have started 

using sticky traps for complete control of insect pests such as the apple maggot fly, and 

reducing or eliminating  the need for spraying insecticides. If you are planning to use 

sticky traps for a total trap-out and not just for monitoring, it is advisable not to release 

beneficial insects for control as well. Beneficials also may be attracted to the sticky traps, 

especially trichogramma wasps. Traps generally come in three types; pheromone traps, 

visual traps and bait traps. Pheromone traps contain a chemical lure which emulates the 

same sexual odours given off by female moths to attract males Pheromone ties or tapes 

(without sticky coatings) are also used for mating disruption. About 200 ties per 1/2 acre 

(1/5 hectare) are needed for effective control and should be left there for the full season.  

Visual traps are of a colour and shape which attracts the insects. There are three popular 

types, the yellow rectangular cards, white cards and red balls. Bait traps use a variety of 

natural foods or synthetic plant volatiles, referred to as lures, to attract the insects. 

7-Use of Entomopathogenic nematodes 

 Bobreshova (2004) used entomophagous nematodes belonging to family 

Steinernematidae and Heterorhabditidae as biological control agents against cabbage 

butterfly, Pieris rapae. He studied the effectiveness of Steinernema carpocapsae singly 

and in combination with Lepidocid (Bacillus thuringiensis) compared with Decis 

(deltamethrin) and B. thuringiensis singly for the control of P. brassicae. He reported that 

S. carpocapsae in combination with B. thuringiensis gave the best control of Pieris rapae.  

 Rapidly increase in knowledge regarding biology, host range and epidemiology 

has laid groundwork for the eventual use of entomopathogenic nematodes (EPNs) as 

effective biological control agents world-wide. In developed countries like USA, 

Australia and Europe, commercial nematode based products are available and are being 

utilized for biological control of insects (Grewal et al., 2005).  

Impact of Weather and Population Fluctuation on P. brassicae 

Janulabdeen et al. (2004) studied the impact of abiotic factors on population 

fluctuation of P. brassicae under agro-ecological conditions of Delhi during 2000-2001 
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Rabi season on six different species of Brassica and Eruca sativa. They reported that the 

main temperature ranging from 17.60°C to 6.80 °C, relative humidity (65.3%), wind 

velocity (1.8 km/hour) and sunshine (7.3 hours) were more favorable for multiplication of 

P. brassicae. They further reported that the population was non-significantly and 

negatively correlated with maximum, minimum and mean temperature, while relative 

humidity, at morning and evening, showed significantly positive correlation.  

The damage of butterfly notably affects the value of this crop because its 

consumption and sale happen when it is still fresh (Cartea et al., 2009). Synthetic 

insecticides have been in use for more than 50 years and have resulted in fast, economical 

and effective pest control (Gossa, 2007). Insecticides application is the dominant method 

for controlling Pieris brassicae in cruciferous crops because of a low market tolerance for 

pest damage and the lack of reliable alternative pest control options (Lundgren & 

Heimpel, 2003). Keeping in view the above facts, there is a dire need to develop long 

lasting control strategy for the management of this insect-pest. Therefore, the present 

project was undertaken with the following objectives: 

 

1. To screen out available cauliflower cultivars for their resistance/susceptibility 

against cabbage butterfly. 

2. To determine the impact of weather factors and physio-morphological plant 

characters on the population fluctuation of this pest . 

3. To investigate various control methods for determining the best and effective 

control module based on cost benefit ratio to fit in IPM program. 

4. To calculate the Cost Benefit Ratio with the objective to find the most economical 

and effective control strategy for the recommendation to the farmers. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 Host Plant Resistance 

 Bernays and Chapman (1994) reported that the thickness of wax layer, 

physiological age, as well as the peculiarities and biochemical composition of the 

cabbage plant leaf are among the most significant factors contributing the suitable 

oviposition place by the cabbage butterfly. 

 Aslam and Suleman (1999) reported that the larvae of Pieris brassicae preferred 

radish leaves, while medium number of larvae was attracted to cabbage and the lowest to 

sarson and turnip. 

 Lin et al. (2001) investigated resistance to cabbage butterfly larval attack of a 

transgenic insect resistant rape seed line carrying  Bt. (Bacillus thuringiensis) insecticidal 

protein gene. The death rate of the pest was reported to be 11.11 %,  12.50 %, 35.71%, 

66.67%, 33.33% and 50.00% at the first, second, third, fourth and fifth instar stages of the 

larvae and pupal stage, respectively, with a total death rate of 94.44% when the larvae 

were reared in the laboratory and fed with the transgenic rape seed leaves compared with 

a mortality of 15.55% in the control, in which the leaves of normal rape seed variety 

“Xiangyou 16” from which the transgenic variety was derived were used. 

 Aslam et al. (2000) studied various brassicae genotypes (Cylone, SPS-5, CON-III, 

CCS-01, Oscar, CON-II and KS-75) for preference to P. brassicae under field conditions. 

In their study, Cyclone showed the highest preference to cabbage butterfly and CON-II 

was preferred the lowest. Furthermore, cabbage butterfly showed variations in preference 

host of different varieties of Bassica spp. 

 Younas et al. (2004) studied the population dynamics of cabbage butterfly and 

cabbage aphids on different cultivars of cauliflower namely Snowball, Snowdrift, 

Tropical, Pioneer and Meigettsal at the Research Farm of Entomology Section, 

Agricultural Research Institute, Tarnab Peshawar. Cabbage butterfly (Pieris brassicae) 

and aphids (Bravioryne brassicae) were recorded to be the the major insect pests of 

Cauliflower crop at Peshawar. One of the 5 cultivars was found completely resistant to 

the infestation of Cabbage butterfly and aphids. The highest average population of   86.67 

larvae /plant was recorded in the first week of November and the lowest average of 0.67 

larvae/plant in the first week of December. The lowest and highest average mean 

population of larvae was observed on cultivars Meigettsal and snowball, respectively. 
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 Jogar et al. (2005) conducted a laboratory experiment to investigate the 

development of P. brassicae larvae on different food plants i.e. white cabbage (Brassica 

oleraceavar. capitata f. alba.) red cabbage (B. oleracea var. Capitata f. rubra), kale (B. 

oleracea var. acephala (B. oleracea var. virdis), swede (Brassica napus var. napobrassica) 

and nasturtium (Tripaeolum najus). The most unsuitable food plant for larvae was 

nasturtium, with a mortality rate of 78% during the experimental period. Most of the 

larvae died during the last instar. Statistical analysis indicated that, compared with 

nasturtium, the mortality rate was significantly lower on red cabbage, kale and swede. A 

comparison of other variants revealed no significant difference in mortality rate of larvae. 

The mortality rate in white cabbage was lowest (8%). 

 Ali and Rizvi (2007) carried out a study on the developmental response of 

cabbage butterfly, P. brassicae on the cole crop under laboratory and field conditions. 

The results revealed that overall development of P. brassicae was significantly higher on 

yellow sarson and lower on cabbage under laboratory and field conditions, respectively. 

All the developmental stages (egg, larval instars, pre pupal and pupal) of P. brassicae 

were counted being maximum developmental period on yellow sarson followed by gobhi 

sarson, cauliflower and cabbage under both conditions. Furthermore, it was reported that 

maximum number of adults were recorded  in laboratory than the field conditions on all 

the pole crops. 

 Metspalu et al. (2009) studied the oviposition preference of P. brassicae L. on 

different Brassica oleracea cultivars viz. Parel, Golden Acre, Krautman, Lennox 

Turquoise and Krautkaizer.The  more eggs were laid on the late cultivars 'Krautkaizer' 

(52%) and 'Turoquoise' (40%). The mid season cultivars 'Krautman', and 'Lennox' were 

chosen more or less to the same extent (2.5-5%). P. brassicae adults avoided the early 

cultivars 'Parel' and 'Golden Acre'. 

 Rather and Azim (2009) studied the feeding behaviour of P. brassicae larvae 

under laboratory conditions in response to different plants viz., Brassicae oleracea, 

Raphanus sativas, Lycopersicon esculentum; different varieties of  B. oleracea (B. o. 

capitata/B.o. botrylis) and different forms of plants (intact/macerated) using Y-tube 

olfactometer. The results indicated that B. oleracea was highly preferred by the larvae as 

compared to Raphanus sativus and Lycopersicon esculentum. Besides, the 

macerated/injured form of B. oleracea was found to have more chemoattractant potential 

as compared to intact plant. 
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 Rizvi et al. (2009) conducted an experiment to determine the response of cabbage 

butterfly on cabbage, cauliflower, yellow sarson, gobhi sarson and indian mustard. 

Various life tables i.e., age specific and stage specific life tables were studied in control 

conditions (25+ 1 0C  65 + 5% RH and 12 hours L: 12 h D). The results revealed that age 

specific life table of P. brassicae required maximum period of 42 days on Indian mustard 

and minimum 36 days on cabbage to complete the generation. The survivorship decreased 

gradually from an initial stage of development till culmination of the generation on each 

host plant. However, mortality showed a significant variation at different developmental 

stages of P. brassicae on each host plant. The apparent mortality and mortality survival 

ratio was found highest at pupal stage (15.91 and 0.19%) on Indian mustard and lowest at 

pre-pupal stage (3.39 and 0.04%) on cabbage. Similarly, maximum K-value (0.0753) was 

recorded   at pupal stage on Indian mustard and minimum (0.0150) at pre-pupal stage on 

cabbage. On the other hand survival fraction was recorded highest (0.97) at pre-pupal 

stage on cabbage and lowest (0.84) at pupal stage on Indian mustard. The life-table 

parameters revealed that cabbage is the most preferred food of P. brassicae than other 

cole rops. 

 Weather and Population Fluctuation of P. brassicae 

Janulabdeen and Prasad studied the impact of abiotic factors on population 

fluctuation of P. brassicae under agro-ecological conditions of Delhi during 2000-2001 

Rabi season on six different species of Brassica and Eruca sativa. They reported that the 

main temperature ranging from 17.600C to 6.80 °C, relative humidity (65.3%), wind 

velocity (1.8 km/hour) and sunshine (7.3 hours) were more favorable for multiplication of 

P. brassicae. They further reported that the population was non-significantly and 

negatively correlated with maximum, minimum and mean temperature, while relative 

humidity, at morning and evening, showed significantly positive correlation. 

 Sharma et al., (2005) investigated the fluctuation of cabbage butterfly on 

cauliflower (Brassica oleracea Var. Botrytis) seed crop variety Sel.4 in relation to  

abiotic factors.The incidence of cabbage butterfly was correlated significantly and 

positively with the relative humidity and rainfall and negatively with temperatures 

(minimum and maximum). It has further reported that evidently increase of temperature 

had a limiting impact on the building up of cabbage butterfly population. 

Period of Population Abundance 

 Sharma et al. (2005) investigated on the fluctuation of cabbage butterfly on 

cauliflower (Brassica oleracea Var. Botrytis) seed crop variety Sel.4 in relation to abiotic 
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factors revealed that the incidence of cabbage butterfly was observed from 1st week of 

November 2004, however, the peak population (12.03 larvae/plant) was observed in the 

4th week of January, 2005. 

Use of Bio-Pesticides 

 Zafar et al. (2002) tested CAMB Bt. based and fungus based biopesticides, 

commercial Bt. Formulation from mycogen and a new chemical pesticide 

Methoxyfenozide (RH2488-240SC) on cauliflower field against cabbage butterfly (P 

brassicae). All pesticides successfully controlled the population of cabbage butterfly in 

cauliflower crop. The efficacy against 1 to V instar larvae and field stability of CAMB Bt. 

Biopesticide was better than chemical and other bio-pesticides. So, AMB Bt. can be 

recommended for pest management strategies against Lepidopteran pests on vegetables 

with no harmful effects on its predators as in case with chemical pesticides. 

 Mohan et al. (2003) carried out experiment on foliar application of Photorhabdus 

luminescens, symbiotic bacteria from entomopathogenic nematode Heterorhabditis 

indica, to kill cabbage butterfly P. brassicae and reported 100% mortality of the larvae 

with in 24 hours compared to no mortality in the control plot. The results further showed 

the direct toxicity of P. luminesccens to the insect, for the first time under natural 

conditions, when used as a foliar spray. 

 Entomopathogenic Nematodes for the Control of P. brassica 

 Bobreshova (2004) used entomophagous nematodes belonging to family 

Steinernematidae and Heterorhabditidae as biological control agents against cabbage 

butterfly, Pieris rapae. He studied the effectiveness of Steinernema carpocapsae singly 

and in combination with Lepidocid (Bacillus thuringiensis) compared with Decis 

(deltamethrin) and B. thuringiensis singly for the control of P. brassicae. He reported that 

S. carpocapsae in combination with B. thuringiensis gave the best control of Pieris rapae. 

 Wawrzyniak (2004) tested biological activity of insecticides classified into group 

of pro-ecological plant protection products, “methoxyfenozide” preparation on the pest 

(P. brassicae.) He demonstrated that under field conditions, the preparation had negative 

influence on the' process of laying eggs by large cabbage white butterfly and caused 

100% mortality of larvae at L3 stage, however, the preparation did not show an anti-

feeding effect on feeding larvae at L4 stage. 

           Grisakova et al. (2006) studied the effects (duration of the larval stage, mortality of 

larval and pupae, and weight of pupae) of Neem EC (1% azadirachtin) on the large 

cabbage white butterfly (P. brassicae). The time needed for completion of the larval 
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stages by individuals fed on treated cabbage increased significantly, compared with the 

control 16-37 days in the test variant, versus 11-18 days in the control. The results 

revealed that neem EC had both toxic and antifeedant/deterrent effects but also acted as a 

growth regulator for P. brassciae larvae. EPNs have emerged as an excellent candidate 

for biological control of insect pests. 

 Hussaini et al.(2002) demonstrated the susceptibility of Leucinodes orbonalis 

larvae to entomopathogenic nematodes and reported that H. indica caused 100% mortality 

within 72 hrs at 25 IJs/larva. 

 Mahar et al. (2005) who studied the production and infectivity of S. carpocapsae, 

S. feltiae, H. indica and H. bacteriophora against P. brassicae and reported that the 

progeny pro- duction was highest in case of H. indica as compared to the other species. 

The concentrations of IJs had a significant effect on the numbers of IJs established per 

host, which in turn affect their reproduction potential for all the species.   

 Selvan et al. (1993) reported that the proportion of S. carpocapsae and H. 

bacteriophora infecting G. mellonella larvae declined with increasing dose. Danilov 

(1987) using longer exposure periods, also found that S. carpocapsae percentage 

infection declines with increasing dose. 

 Lalramliana and Yadav (2009) studied three nematode species (Heterorhabditis 

indica, Steinemema thermophilum and S. glaseri) as biological control agents and their 

pathogenicity against larvae of cabbage butterfly, Pieris brassicae under laboratory 

conditions. Nematodes at different concentrations (0, 10, 25, 50, 75, and 100 IJS/larva in 

0.5 ml of distilled water) were applied against the insect pest using Petri dish assay. 

Progeny production of IJS was determined by the number of IJS produced per larva/pupa 

(within 20 days), following their exposure to IJS of EPN species at different 

concentrations. Among the three species S. thermophilum caused larva mortality at 24 

HAI (hours after inoculation) at 50 IJS/ larva. However, at 48 HAI in addition to S. 

thermophilum, H. indica also revealed 100% mortality at 100 IJS/larva. In case of S. 

glaseri no mortality was observed at 24 HAI. The study thus on luded that based on 

mortality and LC50 value (32.2 IJS/larva at 48 HAI) S. thermophilum emerged as the 

most potent species. The progeny production by the larvae of P. brassicae was noted to 

be highest only in case of H. indica. The production increased along the concentrations 

till the highest concentration for both H. Indica and S. thermophilum but declined from 50 

IJS/larva onwards in case of S. glaseri. 
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Biological control 

 Huang and Enkegaard (2010) studied the predation capacity and prey preference 

of Chrysoperla carnea on Pieris brassicae and reported that 3rd instar C. carnea has a 

potential as bio-control agent against P. brassicae.  Trichogramma was chosen for 

evaluation as an alternative to insecticides for bollworm and budworm control in cotton. 

T. pretiosum is the most widely distributed Trichogramma species in North America. It 

parasitizes a large number of butterflies and moths in a variety of habitats. The braconid 

C. glomerata is the principal parasitoid of the large white butterfly, P. brassicae. Its 

distribution corresponds largely with that of its host species. 

  Integrated Pest Management (IPM) 

 Talekar et al. (1986), Lim (1986), Lasota and Kok (1986) reported serious damage 

caused by DBM and other pests on cabbage in most countries has led subsistence and 

small-scale farmers to employ cultural, chemical and biological control and also 

Integrated Pest Management (IPM). The most common controls used by subsistence and 

small-scale farmers consist of cultural and chemical control. Many farmers also implicitly 

use biological control even though they are not consciously aware that they are.  

 Devjani and Singh (2001) studied the efficacy of 5 insecticides, viz., malathion 

(0.05%), phosalone (0.05%), dichlorvos (0.05%), fenvalerate (0.01 %) and phosphamidon 

(0.03%) against the insect pests of cauliflower. The treatments showed poor results. 

 Metspalu et al. (2003) studied the factors influencing the population number of 

large white butterfly (LWB), P. brassicae, by developing and spreading of fungal 

infection epizootia, caused by the fungus Zoophthora radicans in the experimental garden 

of the Estonian Agricultural University. They observed that there are some other factors 

like the parasitoid Cotesia glomerata and Microsporidia sp. Nosema mesnili, regulating 

the population number of LWB. Both C. glomerata and N. Mesnili perished before 

completing their development, together with larvae of LWB due to the disease caused by 

Z. radicans. 

 Tamis and Serbia (2007) carried out experiment on the preliminary infestation on 

the effects of biological and synthetic insecticides on large white butterfly larvae. In 

laboratory experiments the effects of formulated synthetic pyrethroids cypermethrin (0.3 

lit/ha) and biological products formulation based on Bacillus thuringiensis sub sp 

Kurstaki (2 and 3/ha and spinosad (0.1 lit/ha) were investigated on large white butterfly 

larval instars ll-V. The results revealed that the effect of insecticide was inversally 

proportional to larval instars. The effect could be improved if tank-mixed with 
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cypermethrin. Use of two products in mixture would be significant especially for the 

control advanced late instars late in season. Btk action alone was found to be insufficient. 

Spinosad was effective in inducing mortality and reducing late damage by all larval 

instars. 

 Halimie et al. (1992) studied the efficacy of three candidate insecticides viz. 

Ascadae, Cataboron and Karate compared with Sumicidin (Standard) for the control of 

cabbage butterfly. It was reported that these insecticides decreased 90.47, 92.68, 96.14 

and 92.86% pest population 3 days and 99.19, 100.00, 100.00 and 99.38% 7 days after 

application, respectively. Furthermore, they concluded that Cataboron and Karate were 

found to be the most effective followed by Sumicidin and Cascade. 

 Neem based insecticides 

 Neem [Azadirachta indica]-based insecticides containing azadirachtin have been 

reported to control>400 species of insects, including important pests, such as P. 

brassicae, Plutella xylostella L., Spodoptera spp., leaf miners, aphids, and whiteflies 

(Walter, 1999; Pineda et al., 2009). 

 Hassan and Ansari, (2010) demonstrated the efficacy of four neem-based 

insecticides viz.,  Neemix, Ecozin, Agroneem and Neem oil, and a non-commercial neem 

leaf powder, for oviposition deterrence, antifeedant effect to larvae and toxicity to eggs 

and larvae of Pieris brassicae (Linn.) on cabbage leaves in the laboratory. It was found 

that  neem-based insecticides had oviposition deterrence, antifeedant and toxic effect to P. 

brassicae. 

 Singh et al. (1987) reported that 2 percent leaf water extract of A. indica had a 

significant antifeedant effect, thereby reducing mean cabbage leaf area consumption of P. 

brassicae.  

 Sharma and Gupta  (2009) reported that aqueous plant extract against P. 

brassicae, at different concentrations caused 3.2e81.8 percent protection to the foliage 

over control. Extract of A. indica resulted in maximum protection to foliage against P. 

brassicae.  

 Spinosad 

 Spinosad is used for the control of insect pests on fruit and vegetable crops, 

cotton, tree and vine crops and ornamentals on a global basis. Targeted Lepidoptera 

include army worms (Spodoptera sp.), cutworms (Agrostisp.), DBM, fruitworms 

(Heliothis sp.) and leafrollers (Tortricidae). Certain beetles and dipterous leafminers 

(Liriomyza sp. and Scaptomyza sp.), thrips and flies are also controlled 
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 There is no cross resistance to, and its mode of action is different from, both 

synthetic and traditional biological insecticides (Salgado 1997).  

 These features, in conjunction with the low toxicity of spinosad to most beneficial 

insects (Petersen et al. 1997), allow control of insecticide resistant pests and justify its use 

as a foundation in insecticide resistance management programmes (Cameron et al. 1998).  

 Spinosad has a reduced risk to humans compared to synthetic insecticides and an 

excellent environmental profile with reduced risk to fish, birds, earthworms and 

mammals (Saunders and Bret, 1997). 

 Haris and Maclean (1999) reported that spinosad gave a high level of control of 

diamondback moth (Plutella xylostella), white butterfly (Pieris rapae) and leaf miner 

(Scaptomyza sp.) larvae. 

 Nadeem et al. (2012) demonstrated that Bactrocera zonata has developed 

resistance against spinosad. 

 Smit et al., (2007) found that spinosad induced high mortality of all larval instars 

already after 24 hrs and it probably could be used at a lower rate for the control of this 

pest. To enhance the efficacy on 5th instar, some authors suggest adding pyrethroids to 

spinosad for late-season control. Adding cypermethrin to biological products is justified 

when older instars predominate in a treated population.  

 Spinosad acts as a neurotoxicant and its route of activity is translaminar. Some 

authors have estimated that it takes 1-2 days to achieve > 90% mortality of small larvae 

(< 5 mm) and 2 days for large larvae (> 10 mm) (Palumbo, 1999).  

 In our experiment, the initial toxicity and mortality achieved were high probably 

due to the high rates used. Spinosad's mode of action is invariably toxic for P. brassicae 

at the rates applied. Routes of activity involve both ingestion and contact activity. 

 Naish et al., (1995) performed a series of trials and reported  excellent efficacy of 

spinosad on diamondback moth and other lepidopteran insects commonly occurring in 

cole crops in Asia.  

 Physio Morphological Plant Characters 

 Ahmad and Haq (1981) found that leaf lamina of cotton varities contributed 

resistance against jasid population.   

 Hossain et al. (2002) found that bringal shoot and fruit borer infestation is less on 

brinjal varieties with high chlorophyll contents. This shows that chlorophyll contents have 

a great influence on population fluctuation by showing comparatively resistance response.  
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 Arif et al. ( 2004) observed that leaf area and lamina thickness of different cotton 

varities have no significant effect against cotton thrips.   

 Golawska et al. (2010) observed that feeding by pea aphids Acyrthosiphon pisum 

Harris (Hemiptera: Aphididae) caused significant loss of chlorophyll a and b in the 

infested plants. Uninfested leaves on both short and long-infestation plants had 

significantly higher chlorophyll a and b than infested leaves. 
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CHAPTER 3    

                  MATERIALS AND METHODS 

Study Area and its Climate  

The area was level, plain, at altitude 214 M, latitude 31-25 N, and longitude 73-06 

E, with average annual temperature of 24.50 oC and 350 mm precipitation (Riaz, 1998). 

In Faisalabad, the summer is very hot and the winter is very cold; minimum temperature 

in summer may reach up to 24.25 oC and mean maximum temperature was recorded at 

36.11 oC. The temperature in hot weather touches 49 oC and the minimum goes down to 

21.11 oC. In winter, the temperature  falls considerably below the means and in January, it 

occasionally goes even below the freezing point. The average rainfall may be less than 

500 mm (Pasha, 1979). Frost may also occur intermittently for a week or two during 

December to January (Khan, 1987). 

 Varietal Variation 

  Preliminary Screening Trials 

  Final Screening Trials 

  Data Collection 

  Host Plant Susceptibility Indices (HPSI) 

  Role of Weather  Factors in Population Fluctuation of the Pieris brassicae 

  Physio-morphological and Chemical Plant Characteristics associated with 

Resistance to the Cabbage butterfly. 

  Integration of various Bio-Control Tactics for the Management of Pieris brassicae 

  Cost Benefit Ratio (CBR) 

Varietal Variation 

Preliminary Screening Trials during 2008 

 Eighteen cultivars of cauliflower, viz. Candid Charm, Cash Mere, Cauliflower 

Desi, Cool Sun-70, Cool Sun-71, Early Kanwari, Shumaila F1 H, Pari, Pari F1 H, Snow 

Ball, Snow Crown, Snow Drift, Snow Grace, White Corona H, White Excel, White 

Island, White Magic H and White Shot H were grown following Randomized Complete 

Block Design with three replicates. The study was conducted as field experiment with a 

progressive cauliflower growing farmer, Abdul Rasheed at Chak No.66/J.B. Dhandara, 

district Faisalabad (Pakistan), during 2008. The plot size was maintained as 7.65 m × 

7.65-m. Based on preliminary screening trials, two comparatively resistant, two 
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comparatively intermediate and two comparatively susceptible genotypes were selected 

for final screening trials during 2009. 

Final Screening Trials during 2009 

 Based on preliminary screening trials, comparatively resistant, intermediate and 

susceptible genotypes (two of each) were selected for final screening trials during 2009. 

Two susceptible genotypes viz. Cool Sun-70 and Cauliflower Desi, two intermediate viz. 

Cash Mere and White Island and two showing comparatively resistant response viz. 

Shumaila F1 H and Pari F1 H were selected for final screening experiments. The 

genotypes were sown following RCBD replicats thrice to verify the results of previous 

year and plant to plant and row to row distance was kept at 0.46-m and 0.61-m, 

respectively. All the recommended agronomic practices were adopted. From the results of 

final screening trials, one comparative highly resistant and one comparative susceptible 

genotype were selected for determining their response in different pest control modules. 

Data Collection 

 The data on larval population were recorded from ten randomly selected plants 

from each plot at 4+1 day intervals throughout the crop season during both years. 

Host Plant Susceptibility Indices (HPSI) 

 Host plant susceptibility indices were calculated by simple percentage method to 

determine the role of genotypes towards susceptibility in percentage within the test 

materials. For this purpose a graphic micro soft package was used by IBM compatible 

computer. However, HPSI may be calculated by the following formula. 

                                                     B - A 
Percent HPSI  = 100 -   ------------   × 100 
                                                       B 
 

Where   A =      Larval Population per Plant in Individual Genotype of   

   Cauliflower 

                      B =  Larval Population on all genotypes of cauliflower on average  

   basis 

Role of Weather  Factors in Population Fluctuation of the Pieris brassicae 

Meteorological Observations 

 Meteorological observations relevant to ambient temperature, relative humidity 

and rainfall were recorded from the adjoining meteorological observatory of Physiology 

Department, Ayub Agricultural Research Institute, Faisalabad to study the effect of 
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weather factors (a major abiotic factor) on the cabbage butterfly population feeding on 

different cauliflower varieties/cultivars. 

Statistical correlations 

 Simple correlation was calculated between population density of the test insect 

pest (cabbage butterfly) and the weather factors for each year (2008 and 2009) 

individually as well as on cumulative basis. Simple correlation was also calculated 

between  weather factors and cabbage butterfly density in the respective years on the 

basis of population densities obtained from each year. The combined effect of the factors 

like temperature, relative humidity and rainfall on the population of the test insect during 

both years separately and on combined basis was also measured by using a Multiple 

Linear Regression Equation of the Type 1 viz., a+b1x2+b2x2+b3x3, where population of 

the cauliflower insect pest was taken as the Response Variance (Y) and the following 

‘predator’ variables were used to represent the equation. 

X1 = Average mean temperature for every 4+1 days. 

X2 = Average relative humidity for every 4+1 days. 

X3 = Total rainfall (mm) for every 4+1 days. 

The effects of the weather factors on the population of the test insect pest of 

cauliflower were studied by finding out correlation between the population of the test 

insect pest of cauliflower and the weather factors such as temperature, humidity and 

rainfall existed through IBM Compatible Computer with M-Stat package. 

Physio-morphological Plant Characters 

Nursery raising and transplanting:   

  Six cultivars of Cauliflower viz. Cool Sun-70, Cauliflower Desi, Cash Mere, 

White Island Shumaila F1 H and Pari F1 H were selected from preliminary screening 

trials and were sown when seedlings attained a height of about 10-15cm. Thereafter, 

they were transplanted into the field. Uniform cultural practices (Weeding, Irrigation 

and Hoeing) were adopted for all the cultivars and following parameters were studied 

at the maturity. 

Plant height: 

 Ten plants were selected at random in each cultivar and their height were 

recorded by placing the measuring tape at the soil surface by the base of the plant and 

then measured the height of the plant up to the youngest leaf. Their average values were 

calculated. 
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Number of leaves per plant: 

Ten  plants from each cultivar were selected randomly, total number of leaves 

were  counted and their average values were calculated. 

Foliage fresh weight (excluding head): 

Foliage fresh weight of the plants was calculated at the time of harvesting by 

digital weight balance in kilo grams (kg) from randomly selected 5-plant , their average 

was calculated. 

Foliage dry weight (excluding head): 

Five fresh plants were selected randomly, harvested and dried. Dry weight of the 

foliage was calculated after 72 hours drying the foliage in an oven at 60oC. Dry weight 

was recorded by digital weight balance.  

Chlorophyll contents: 

Five healthy plants were selected randomly and their Chlorophyll contents were 

recorded by chlorophyll content meter and average was calculated. 

Leaf area: 

For this purpose, leaves were picked from ten randomly selected plants from each 

cultivar. Leaf area was measured with leaf area meter (CI-203 Laser Leaf area meter) and 

average was computed. 

Integration of various Control Tactics for the Management of Pieris 
brassicae 
Biological Control  

Use of Trichogramma cards 

The Trichogramma cards were obtained from the Trichogramma laboratory at 

Entomological Research Institute (ERI), Ayub Agriculture Research Institute (AARI), 

Faisalabad. The Cards were installed @ 1 card per plot. The cards were installed again 

after specific interval and used singly and in integration with different control methods to 

find out most effective economical pest control method.  

Release of Chrysoperla carnia 

Chrysoperla carnia larvae of 2nd instar were obtained from Entomological 

Research Laboratoy, University of Agriculture, Faisalabad and released one larva per 

plant singly and in integration with different control methods to find out the most 

effective economical pest control method. 
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Collection of eggs of P. brassicae 

 Both sides of leaves of the randomly selected plants were observed, leaf portions 

containing eggs were cut with sharp edge blades and brought to cabbage butterfly rearing 

laboratory by putting in  petri dishes for the rearing of cabbage butterfly. 

Collecton of larvae of P. brassicae   

The larvae of the P.brassicae were collected by observing the leaves on both 

sides. The leaves containing larvae were kept in a plastic jar and brought to cabbage 

butterfly rearing laboratory where they were put into the cabbage butterfly rearing cages 

for rearing purpose. 

Use of Yellow Sticky traps: 

 The sturdy card boards of yellow colour were cut 4.8 cm wide x 7.2 cm long. The 

boards were fastened to stakes with nails and spread the used-motor oil and left a small 

space uncoated for easy handling. Then traps were installed near the plants,  at 50-75 cm  

above the plants, preferably 25 cm away from the plants to ensure that the leaves would 

not stick to the board, but not facing direct sunlight. One sticky card per plot was used 

and traps were replaced  after the interval.    

Use of neem nut oil  

  For the extraction of  NNO,  the collection of raw material was done from neem 

trees. Firstly, the fruits were collected in a drum; grading of seeds was done according to 

the amount of oil content in the seeds and with sizes as well. The seeds were separated 

from kernel and dried in an oven and then fed into the oil-extracting machine. The neem 

nut oil was obtained by pressing it mechanically and collected in a drum. Thus filtration 

was done to remove the various unwanted particles left in the extracted oil in order to 

obtain pure neem oil. Neem-nut oil was sprayed with knapsack sprayer i.e. singly and in 

different other combinations to investigate the effect of simple and combination 

treatments. 

Entomopathogenic Nematodes (EPNs) 

Effect of EPNs on P.brassicae 

 The effectiveness of three species viz. Heterorhabditis indica, Steinernema 

pakistanense, and Steinernema  asiaticum  against the larvae of Pieris brassicae was 

compared. Entomopathogenic nematodes to be applied were  procured from Nematology 

Laboratory, Department of Plant Pathology, University of Agriculture, Faisalabad. The 
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culture was maintained and bioassay was done in the Postgraduate Laboratory, 

Department of Agricultural Entomology, University of Agriculture, Faisalabad. 

Rearing of Entomopathogenic Nematodes (EPNs) 

i) Media and Chemicals 

• Galleria mellonella- medium (Wiesner, 1993) 

                    Corn groats (polenta) 22% 

                    Wheat flour (full com) 22% 

                    Milk powder (skim-milk) 11% 

                    Honey 11% 

                    Glycerol 11% 

                    Yeast powder (Brewer`s beer yeast) 5.5% 

                    Bee-wax 17.5% 

• Ringer´s solution (Laboratory standard) 

                   NaCl 9 g 

                   KCl 0.42 g 

                   CaCl2 x 2H2O 0.37 g 

                   NaHCO3 0.2 g 

                   Aqua dest / 1 L. 

• YS-medium (Dye, 1968) 

                  Yeast extract (Merck) 5.0 g 

                  NaCl 5.0 g 

                  NH4H2PO4 0.5 g 

                  K2HPO4 0.5 g 

                  MgSO4 x 7H2O 0.2 g 

                 Aqua dest / 1 L. 

ii) Organisms 
 
Insects 
 
Galleria mellonella: The greater wax moth larvae Galleria mellonella L. (Lepidoptera: 

Galleridae) were used for nematodes baiting and progeny production of nematodes 

isolates. The insect culture was reared in 1,500 ml volume glass containers (11 cm 

diameter and 15 cm height) at 30-32 °C on an artificial medium according to Wiesner 

(1993). The glass containers were closed with filter paper and a metal screen. Females 
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laid eggs on the filter paper from where they were collected and transferred into fresh 

medium. The eggs hatched within 3-4  days. Larvae were fed weekly. After 5-6 weeks, 

larvae reached the last instar and were collected to be used in the experiments. Some 

larvae were left in the containers to pupate. Two weeks later, the adult females emerged 

and laid eggs.  

Preparation of the artificial medium: 

  The honey was mixed with glycerol and yeast-powder at 80 °C until mixture was 

homogenous.The cereals and milk powder were added to the honey-glycerol-yeast 

mixture, then added melted bee-wax and mixed ingredients, until medium was almost 

homogenous. 

  

iii) Cabbage butterfly  (Pieris brassicae) (L.) 

 The  leaves with the larvae of the Cabbage butterfly  (Pieris brassicae) (L.) were 

collected from experimental area of Vegetable Section, AARI, Ayub Agricultural 

Research Institute. Faisalabad, Pakistan.The larvae of the cabbage butterfly (Pieris 

brassicae) (L.) were used in pot experiments to test efficacy and persistence of  EPNs. 

The larvae were reared on fresh leaves of cauliflower in glass jars at a temperature of 

approximately 20-25 °C (Boff et al. 2002; van Tol et al., 2001).Cabbage butterfly (Pieris 

brassicae (L.) Pieridae.: Lepidoptera) was used to determine the occurrance and 

pathogenicity of EPNs  in the laboratory experiments. 

 In vivo production of Entomopathogenic Nematodes using Galleria mellonella 

  Entomopathogenic nematode species were procured from Nematology 

laboratory, Department of Plant Pathology, University of Agriculture, Faisalabad. The 

culture was maintained in the Postgraduate Laboratory, Department of Agricultural 

Entomology, University of Agriculture, Faisalabad and EPNs were reared on the late 

instar larvae of G. mellonella, the greater wax moth. The in vivo production of 

Entomopathogenic nematodes was slightly modified from the basic methods described 

by Poinar (1979) and summarized by Woodring and Kaya (1988). Larvae were kept at 15 

°C. Dead or pupating larvae were removed during storage. 
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Rearing of wax moth (G.mellonella) 

 Beehives infected with Galleria mellonela were obtained from bee farm of Agri. 

Entomology Department, University of Agriculture Faisalabad. Last instars larvae of G. 

mellonela were separated for nematode culture, leaving small sized larvae for moth 

emergence and egg laying. Fresh laid eggs were transferred to modified artificial diet 

(Alrubei and Al-Izzim, 1986) prepared by mixing oat, wheat, rice and maize porridge (20 

g), yeast granules (50 g) in solution of 80ml warm honey and (100 g) glycerol. Diet with 

G.mellonella then kept at 27 ºC in an incubator. After reaching last instars, they were 

taken out from the diet and used for storage, and nematode isolation/multiplication. Wax 

moth laid eggs on hard folded paper, placed in the box where wax moth adults were 

already shifted. Eggs  were collected and shifted to artificial diet. 

Extraction of Entomopathogenic nematodes 
 
 Entomopathogenic nematodes were collected from dead G. mellonella larvae by 

modified White trap (White, 1927). Alive, black and smelled putrid (this indicated 

contamination) larvae were discarded. The modified white trap was a way of extracting 

and collecting nematodes from infected larvae. Modified white trap consist of a clear 

plastic container (9 cm diameter x 4.5 cm deep). The bottom of an inverted petri dishs 

was placed in container. It was filled with sterilized distilled water to a depth of 1 cm. A 

sheet of filter paper was placed on petri dish allowing the edge of filter paper to come in 

contact with water. Then dead larvae (about 2-4/trap) were placed on filter paper on the 

top of the petri dish and plastic container was closed with the lid. Then it was incubated at 

20- 27ºC depending upon nematode species until infective juveniles start to leave the 

cadaver 8 to 20 days after infection. Infective juveniles that moved down through the 

filter paper into the water were harvested every day until there was no recovery from 

cadaver. The container was rinsed out to collect all infective juveniles and refilled with 

sterilized distilled water for the next harvest. Water containing infective juveniles was 

transferred to 100 ml beaker. To get clear suspension, it was diluted by filling the beakers 

up to the top with distilled water. Nematodes were then allowed to settle for about 30 

minutes and the supernatant was siphoned out. Beakers were refilled with sterilized 

distilled water and the process was repeated three to four times or until suspensions 

appeared clears. Then nematodes were  stored at about 10 -15 ºC. 
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Application of EPNs in the the field   

In field trials, EPNs were sprayed using a concentration of 3 x 106 IJs m-2 .The 

application was done using 4-6 bar pressure at a velocity of 1 m/s. Applications were 

conducted on plots. The nozzle height was kept constant at 50cm distance from the top of 

the plants. Prior to the applications, tap water and EPNs formulation were gently mixed in 

a plastic barrel and then the EPNs solution was transferred into the spraying tanks. To 

prevent sedimentation of the nematodes in the tank, which would result in a non-

homogenous distribution in the field, the tanks were well shaken before application. 

Quantification of application density 

 In order to obtain the number of applied IJs per area immediately after application, 

10 plastic Petri dishes (9 cm diameter) were put in 10 m intervals onto the soil surface in 

the experimental plots. After application, the Petri dishes were collected and the EPNS 

suspensions were rinsed into plastic tubes with Ringer´s solution. In the laboratory, the 

numbers of IJs per tube were counted to calculate the amount of IJs applied per cm² soil. 

This method was conducted during each field application 

Spray of spinosad 

 Highly selective spinosad was sprayed singly and in different combinations in 

each module for determining the most effective one to be used in IPM program.  

Integration of various Bio-Control Tactics for the Management of Pieris 
 brassicae 
 

A resistant genotype of cauliflower namely Pari F1H and a susceptible genotype 

namely Cool Sun-70 were selected from screening trials during 2008 and 2009 and  were 

sown in two separate fields during 2009. The following treatment combinations in 

different modules were tested in the fields. 

Module 1 
Treatment 1: Entomopathogenic Nematodes 
Treatment 2: Entomopathogenic Nematodes + Trichogramma 
Treatment 3: Entomopathogenic Nematodes + Spinosad 
Treatment 4: Entomopathogenic Nematodes + Neem-nut oil 
Control 
Module 2 
Treatment 5: Trichogramma cards 
Treatment 6: Trichogramma cards + Chrysoperla 
Treatment 7: Trichogramma cards + spinosad 
Treatment 8: Trichogramma cards + Neem nut oil 
Treatment 9: Trichogramma cards + collection of eggs 
Control 
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Module 3 

Treatment 10: Neem-nut oil 

Treatment 11: Neem-nut oil + Spinosad 

Treatment 12: Neem-nut oil + Collection of larvae 

Treatment 13: Neem-nut oil + Collection of eggs 

Control 

Module 4 

Treatment 14: Spinosad 

Treatment 15: Spinosad + Collection of eggs 

Treatment 16: Spinosad + Collection of larvae 

Treatment 17: Spinosad + yellow Sticky traps 

Treatment 18: Control 

 
Statistical Analysis 

 The data collected in each treatment were analyzed statistically and means were 

separated by Duncan’s New Multiple Range (DMR) Test. 

Cost Benefit Ratios (CBRs) 

CBRs were calculated based on yield (Kg/ha) to find out the most effective, 

economical method for recommendation to the farmers. 
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Additional study 

 Estimation of insecticide resistance in various populations of Pieris 

 brassicae (L) in Punjab, Pakistan 

For this purpose experiments were conducted Lab. ll  P.B.&G. Division, Nuclear Institute 

for Agriculture and Biology, NIAB. 

. During this phase, estimation were made about the insecticides resistance, in Cabbage 

butterfly, Pieris brassicae (L) against different insecticides. 

Collection of field strains of P.brassicae from Faisalabad, Multan and  Bahawalpur 

Three cities viz. Faisalabad, Multan and Bahawalpur was selected according to 

cauliflower growing areas of the above-mentioned cities. The selected areas have been 

reported to be the recipient of the heavy use of different insecticides in each and all 

seasons on cauliflower, other vegetables and crops. The available larvae and eggs were 

collected from infested cauliflower fields. The eggs were put into petri dishes with 

cauliflower leaves and larvae were put into plastic jars with cauliflower leaves and 

marked the specific population name according to the name of their particular location 

and city. 

Rearing of Pieris brassicae (L.) 

The Cabbage butterfly P. brassicae was reared at ERI, AARI under controlled 

conditions  in the rearing  Green house situated on research area of ERI. The partition of 

the green house was done in equal four parts for rearing succeptible – Faisalabad, Multan 

and Bahawalpur strains separately. Two rearing cages of each strain were kept in the 

rearing Lab for backup.  Different cultivars of cauliflower were sown in pots in different 

seasons to make sure the availability of cauliflwer leaves whole year. These pot plants 

were used for providing the site for egg laying. Whenever the leaves were not available in 

the field the leaves from the pots were offerd to the larvae and some times  the   larvae of 

Pieris brassicae (L.) were reared very successfully on a semi-synthetic diet containing a 

small amount (1.4% by wt.) of dried powdered green Brassica leaves. 

Susceptible strain 
 

Susceptible strain of P. brassicae was developed by rearing 36 generations of P. 

brassicae without exposing any insecticides. Susceptible strain culture was also 

established at same laboratory conditions according to the rearing procedures as 

mentioned above. The larvae were weighed separately and tested for the estimation of 

enzymatic activity. 
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 Application of insecticides to field and succeptible strains. 

Different insecticides with sub lethal doses were applied on 4th generations of the field 

strains, dead larvae were discarded and alive were weighed separately and tested for the 

estimation of enzymatic activity.   

 Statistical analysis 

 The data was analysed by using SPSS and MS office Excel. 

 Mechanism of insecticide resistance in P.brassicae 

Comparison of enzyme activities in susceptible and resistant strains can help to 

understand the biochemical mechanism of insecticides resistance in insects. In present 

study, four types of enzymes activities viz. esterases, cytochrome P450, glutathione 

Stransferases and acetyl cholinesterase were analyzed to determine the mechanism of 

insecticides resistance. The enzyme activities of susceptible and resistant strains of P. 

brassicae were analyzed in Marker Assisted Breeding Lab. 01 at Nuclear Institute for 

Agriculture and Biology (NIAB), Faisalabad, Pakistan. The larval populations of 

susceptible and resistance strains of P.brassicae were used to estimate the different 

enzyme activities. 

Estimation of Esterases Activity 

Esterases activity was determined according to method adapted from Van Asperen 

(1962) with some modification assumed by Kranthi (2005). Only quantitative variations 

in the esterases activities were measured. 

Chemicals Used for Estimation of Esterases Activity 

 Following chemicals were used to estimate esterases activity. 

(i) Di sodium hydrogen phosphate (99%, BIO BASIC INC® Canada) 

(ii) Sodium dihydrogen phosphate (99%, BIO BASIC INC® Canada) 

(iii) EDTA (Ethylene diamine tetra acetic acid) (99%, AppliChem® Germany)43 

(iv) PMSF (Phenyl methyl sulfonyl fluroid) (≥ 98.5%, SIGMA-ALDRICH® USA) 

(v) PTU (Phenyl thiourea) (≥ 98.5%, SIGMA-ALDRICH® USA) 

(vi) Glycerol ( 99.5%, MERK® Germany) 

(vii) α- naphthyl acetate (99%, Alpha Aesar® Germany) 

(viii) β- naphthyl acetate (99%, SIGMA® USA) 

(ix) Fast Blue BB salt (35% dye contents, SIGMA® USA) 

(x) Sodium dodecyl sulphate (SDS) (99%, Fisher Scientific® Japan) 

(xi) α- naphthol (Synthesis grade, Scharlau® Spain) 
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(xii) β- naphthol (Synthesis grade, Scharlau® Spain) 

(xiii) Acetone (99%, Redel-de Haën® Germany) 

Samples preparation for esterases activity  

Larvae of suscelptible and resistant populations of (Faisalabad, Multan and 

Bhawalpur) P. brassicae of different weight were homogenized separately in 5 ml 

phosphate buffer (100mM, pH 7.0), containing 1mM each of EDTA, PMSF, PTU and 

20% glycerol by using chilled  mortars and pestles for 60 seconds  and then centrifuged at 

10,000x g for 20 minutes at 4oC. The supernatant was used for enzyme estimation. 

Estimation of esterases activity by different substrate 

 Esterase activity was measured by α-naphthyl acetate and β-naphthyl acetate as 

substrates which are described as under: 

Estimation of esterases activity using α-naphthyl acetate as substrate 

 A substrate solution was made by adding 30mM α-naphthyl acetate in 1 ml 

acetone and added to 99 ml of phosphate buffer (40mM, pH 6.8). Fast Blue BB salt 

1%(w/v) in phosphate buffer (40mM, pH 6.8) and Sodium dodecyl sulphate (SDS) 5% 

(w/v)in double distilled water was prepared separately to make staining solution. Quantity 

of staining solution was taken by adding 2 parts of Fast Blue BB salt 1% solution into 5 

parts of sodium dodecyl sulphate (SDS) 5% solution. Enzyme stock was prepared by 

adding 10 μl of enzyme solution to 990 μl phosphate buffer (40mM, pH 6.8). Assay 

mixture was prepared by adding 1 ml of enzyme stock into 5 ml of substrate solution and 

1 ml of phosphate buffer (40mM, pH 6.8). A total 5 ml of substrate solution was mixed 

44 into 1 ml of phosphate buffer (40mM, pH 6.8) for using blank as control sample. 

Finally, all the assay samples including blank were incubated in dark for 20 minutes at 

30°C with gently shaking. After 20 minutes, added 1 ml of staining solution to all the 

samples including control and again incubated in dark for 20 minutes at 30°C with gently 

shaking. After this process 6 ml of blank solution was pipette out and dropped equally 

into 2 cuvettes (4ml) and were placed in the sample and reference slots of double beam 

spectrophotometer (U-2800, 122-003 Hitachi, Japan) and adjusted the reading to zero at 

605 nm. The contents of the sample cuvette were replaced by 3 ml of the processed. 

Enzyme sample and absorbance at 605 nm was recorded. The esterases activity was 

calculated with following formula:  
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μ moles from standard curve × dilution     = μ moles min−1 mg−1 protein 
Protein concentration × incubation time 
 

 Estimation of esterases activity by using β -naphthyl acetate as substrate 
 Estimation of esterases activity by using β-naphthyl acetate as substrate was 

estimated by the same procedure which was described in 3.12.6.5 except β-naphthyl 

acetate that was replaced with α-naphthyl acetate. 

Preparation of standard curves for esterases estimation 

 Standard curves were prepared for α-naphthyl acetate and β- naphthyl acetate 

which are described below:  

α-naphthol standard curve preparation 

 Stock “A” solution was made by dissolving 14.42 mg (100 μM) of α-naphthol in 5 

ml of acetone. For preparation of standard solution of 1 ml phosphate buffer (40mM, pH 

6.8) containing 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80 and 0.90 μM of α-naphthol, 

added 5, 10, 15, 20, 25, 30, 35, 40 and 45 μl of stock “A” into phosphate buffer (40mM, 

pH 6.8) to make the total volume up to 1 ml. α-naphthol was not added to a separate test 

tube containing only 1 ml phosphate buffer for maintaining blank sample as control. 

Then, 45 added 5 ml of phosphate buffer (40mM, pH 6.8) to all of standard solutions 

including blank, finally added 1 ml of staining solution to each and placed them for 20 

minutes in dark at 30oC for incubating with gently shaking. After 20 minutes, computed 

the absorbance of all nine samples at 605 nm against the blank (Control) in the reference 

cuvette in a double beam UV spectrophotometer and plotted α- naphthol (μ moles) on the 

X- axis against absorbance on the Y-axis. A linear regression equation was derived from 

α- naphthol standard curve. Absorbance of α-naphthyl acetate (μ moles) at 605 nm was 

calculated from the linear regression equation which is following: 

y = 2.3162x 0.0695 

β-naphthol standard curve preparation 

 The β-naphthol standard curve was prepared by the same procedure as described 

in 3.12.6.8 except β-naphthol which was used instead of α-naphthol. Finally, esterases 

concentration in μ moles was calculated by using linear regression equation that was 

obtained from β-naphthol standard curve as following: 

y = 2.2368x 0.070 

Estimation of total soluble protein contents 

 Total soluble protein contents were estimated by Bradford method (1976) using 

bovine serum albumin (BSA) as standard:  
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Chemicals used for the estimation of protein contents 

 Following chemicals were used to estimate the protein contents. 

(i) Bovine serum albumin (BAS) (≥95%, SIGMA-ALDRICH® USA) 

(ii) Coomassie Brilliant Blue G-250 (UNI-CHEM INC® USA) 

(iii) Sodium chloride (NaCl) (Extra pure, Riedel-de Haën® Germany) 

(iv) Phosphoric acid (H3PO4) (85%, MERK® Germany) 46 

(v) Ethanol (95%, MERK® Germany) 

Coomassie Brilliant Blue G-250 dye reagent preparation 

A total of 100mg Coomassie Brilliant Blue G-250 dye was dissolved in 100 ml 85 

% (w/v) phosphoric acid and 50 ml 95 % ethanol and diluted up to 1000 ml of distilled 

water. 

Bovine serum albumin stock solution preparation 

Bovine serum albumin (BSA) of 0.2 g was dissolved in 1ml 150 mM NaCl to 

prepare a working stock solution with 02 mg/ml BSA. 

Sample preparation for protein estimation  

Different enzyme samples were prepared as describe in procedure 3.12.    

Preparation of protein standard curve 

A range of standards from 05 to 50 g with 5 g interval of bovine serum 

albumin from working stock solution were prepared in 100 l 150 mM NaCl and added 1 

ml Coomassie Brilliant Blue G-25 dye. Absorbance at 595 nm was measured after 5 

minutes on spectrophotometer. The standard curve was made by plotting the 

concentration on xaxis against absorbance at 595 nm on y-axis. A simple linear regression 

equation was derived from standard curve to calculate the protein concentration which is 

following: 

y = 0.0158x + 0.9818 

Protein assay of susceptible and resistant strains samples 

The supernatant solution in 5 ml from each strain and 95μl of 150mM NaCl 

solution was mixed with 1 ml of Coomassie Brilliant Blue G-25 dye reagent. Then, 

absorbance at 595 nm was determined by using spectrophotometer after 5 min. Protein 

concentration was calculated by using linear regression equation as shown in section 3.12 

Estimation of cytochrome P 450 activity 

Cytochrome P450 activity was determined by method adapted from Omura and 

Sato (1964) with some modification (Kranthi, 2005). 
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Chemicals used for estimation of cytochrome P450 activity 

The chemicals used for determination of cytochrome P450 activity were same as 

described in 3.12 other chemicals which were used as following: 

(i) Sodium dithionite (95%, UNI-CHEM® Serbia) 

(ii) Sulphuric acid (Laboratory grade, Pakistan) 

(iii) Formaic acid (Laboratory grade, Pakistan) 

(iv)  Potassium hydroxide (≥85%, SIGMA-ALDRICH® USA) 
 

Sample preparation for cytochrome P450 contents estimation 

 Enzyme solution was prepared as described in procedure  

Protocol for cytochrome P450 activity estimation 

 Enzyme solution of 06ml was pipette out into a tube and added 5 mg of sodium 

dithionite, shaked well and incubated for 2 minutes at room temperature. Reduced 

enzyme solution (Sodium dithionite treated) of 3 ml was pipette out into each of two 

quartz (4 ml) and placed one in the reference slot and other in the sample cuvette slot of 

double beam spectrophotometer and recorded the base line from 400 to 500 nm. Then the 

contents of sample cuvette was transferred into a test tube and bubbled gently with CO 

for 1-2 minutes carefully in a fume cupboard. Fresh CO was generated into a simple 

assembly by adding 5 ml of formic acid to 10 ml sulpheric acid and passed through a 50 

KOH 20% solution to removed impurities. CO treated contents was again transferred 

back into 4ml cuvette and placed back into the sample cuvette slot of the 

spectrophotometer and recorded the difference spectrum from 400 to 500 nm. The 

difference in absorbance between 450 nm and 490 nm (Absorbance at 450 nm – 

Absorbance at 490 nm) was used to calculate the cytochrome P450 by using a molar 

extinction coefficient of 91 mM-1 cm-1. Total cytochrome P450 contents were calculated 

as following: 

Absorbance difference (450nm-490nm × dilution     = μ moles  mg−1 protein 
91 * Protein concentration  
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Protein estimation 

Protein concentration was estimated by Bradford (1976) method as mentioned in 

3.12.6.16 

   

 Estimation of glutathione S-transferase activity 

Glutathione S-transferase activity was determined by method adapted by Habig et 

al. (1974) with modification made by Kranthi (2005). 

 Chemicals used for estimation of glutathione S-transferase activity 

The chemicals used for estimation of glutathione S-transferase activity were same 

from as described in 3.12 other chemicals were used, is following:  

(i) GSH (Glutathione reduced) (≥ 98.5%, SIGMA-ALDRICH® USA) 
(ii) CDNB (2,4- dinitro-chlorobenzene) (≥ 99%, SIGMA-ALDRICH® USA) 
(iii) DCNB (3,4- dichloronitrobenzene) (99%, Alpha Aesar® Germany) 
(iv) Ethanol (96%, MERK® Germany) 
 
Sample preparation for glutathione S-transferase activity estimation 

Enzyme solution was prepared as described in procedure 3.12.6.23 

Protocol for glutathione S-transferase activity estimation 

Protocol for glutathione S-transferase activity estimation by DCNB as substrate 

Reduced glutathione (50 mM) was prepared in phosphate buffer (100mM, pH 6.5) 

and DCNB (50mM) in ethanol. Then added 50 μl of DCNB (50mM), 150 μl of reduced 

glutathione (50mM), 30 μl of enzyme solution into 2.70 ml of phosphate buffer (100mM, 

pH 6.5, 1mM EDTA and 0.1mM PTU) to made the volume of mixture 3 ml, shaked the 

contents gently, incubated for 2-3 minutes at 25oC and transferred the contents into 4 ml 

cuvette and placed in the sample cuvette slot of the spectrophotometer. Then added 3 ml 

reaction mixture without enzyme to a 4 ml cuvette, placed in the reference slot of the 

spectrophotometer and recorded the absorbance for 5 minutes at 340 nm. Glutathione S- 

transferase activity was calculated as following: 

Absorbance  at 450nm (Increase in 5 min) × dilution     = μ moles min−1  mg−1 protein 
9.6 * Protein concentration in mg  
 

Where 9.6 is milimolar extinction coefficient at 340 nm, 5 is time in minutes and 

1000 is dilution factor to obtained μ moles. 

 Protocol for glutathione S-transferase activity estimation by CDNB as substrate 

Glutathione S-transferase activity was estimated as same as described in 3.12.6.25 

except CDNB which was used instead of DCNB. 
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Protein estimation 

Protein concentration was determined in enzyme samples by Bradford method 

(1976) as described in 3.12.6.16 

Estimation of acetylcholinesterase (AChE) activity 

Acetylcholinesterase activity was determined through method adapted by Ellman 

et al. (1961) with modification (Kranthi, 2005). 

Quantitative estimation of acetylcholinesterase activity 

Chemicals used for estimation of acetylcholinesterase activity 

The chemicals used for estimation of acetylcholinesterase activity were same from 

as described in 3.12.6.2 other chemicals which were used as following: 

(i) Sodium carbonate (≥ 99 %, SIGMA-ALDRICH® USA) 

(ii) Triton X-100 (laboratory grade, SIGMA-ALDRICH® USA) 

(iii) Acetyl thiocholine iodide (≥ 98 %, SIGMA-ALDRICH® USA) 

(iv) DTNB (5, 5- dithio-bis-nitrobenzoic acid) (≥ 98 %, SIGMA-ALDRICH® USA) 

Sample preparation for acetylcholinesterase activity 

The larvae of susceptible at Faisalabad, Multan and Bahawalpur resistant strains 

were weighed and homogenized separately in 10 ml of phosphate buffer (50mM, pH 7.2 ) 

containing 2mM each of EDTA and 0.5% Triton X-100 by using chilled mortars and 

pestles for 60 second and centrifuged at 10,000x g for 20 minutes at 4oC. The supernatant 

was used as enzyme solution. 

 Protocol for acetylcholinesterase activity estimation 

Acetyl thiocholine iodide (100mM) solution was prepared in phosphate buffer 

(100mM, pH 8.0) and DTNB (1mM) solution in phosphate buffer (100mM, pH 8.0 

containing 1.5% sodium carbonate). Then, added 2.87 ml of phosphate buffer (100mM, 

pH 8.0) in a 4ml cuvette (Sample cuvette), 100μl of enzyme solution (incubated at room 

temperature for 5 minutes), 10 μl of the DTNB (1mM) solution and 30μl of acetyl 

thiocholine iodide (100mM) solution. Total volume of mixture was made 3ml in 4ml 

sample cuvette. In another 4ml cuvette, added 10μl of the DTNB (1mM) solution, 30μl of 

acetyl thiocholine iodide (100mM) solution and 2.96 ml phosphate buffer (100mM, pH 

8.0) to be used as blank in double beam spectrophotometer. Placed both sample cuvette in 

sample slot and blank cuvette in reference slot in spectrophotometer and recorded the 

change in absorbance at 412 nm at 10 minutes used for calculation of acetyl 

cholinesterase activity.53Acetyl cholinesterase activity was calculated as follows: 
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 Δ% × 3 × 1000 

3.6 × 104 × protein concentration in mg 

= μ moles min−1 mg−1 protein 

 Where ΔE is the change in absorbance per minutes, 3 is the total volume of 

reaction mixture in ml, 1000 is dilution factor to obtain μ moles and 1.36 104 is the molar 

extinction coefficient at 412 nm. 

Protein estimation 

Protein concentration was determined in enzyme samples according to Bradford 

(1976) method as described as 3.12.6.23 
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CHAPTER 4 
           RESULTS AND DISCUSSION  
 
 

The present study was conducted to design “bio-intensive integrated pest 

management modules for the control of cabbage butterfly, Pieris brassicae (L.) on 

cauliflower”. Eighteen genotypes of cauliflower viz. Candid Charm, Cash Mere, 

Cauliflower Desi, Cool Sun-70, Cool Sun-71, Early Kanwari, Shumaila F1 H, Pari,  Pari  

F1 H, Snow Ball, Snow Crown, Snow Drift, Snow Grace, White Corona H, with three 

replicats during 2008 to determine their resistance/ susceptible trend against  P. 

brassicae; two genotypes showing resistance response (Shumaila F1 H and Pari F1 H),  

two showing intermediate response (Cash Mere, White Island) and two showing 

susceptible trend (Cool Sun-70 and Cauliflower Desi) were selected for final screening 

trials during 2009.  

Host plant susceptibility indices and the role of weather in population fluctuation 

of the pest were determined. Various bio-intensive integrated pest management modules 

were applied on resistant genotype (Pari F1 H) to investigate the best and effective 

control module based on cost benefit ratio fit in IPM programme for the communication 

to the farmers. The results are presented under the following sections:                  

Section 1 

 Host Plant Resistance Studies    
 Preliminary Screening Trials during 2008 
 

The data regarding per plant population of P. brassicae on different genotypes of 

cauliflowers at various dates of observation during 2008 is presented in Appendix 1.  

Table 2 reveals significant difference (p < 0.01) among dates of observations, genotypes 

and  their interactions. 
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Table 2:  Analysis of Variance of the Data Regarding per Plant Population  
 of Pieris brassicae on different Genotypes of Cauliflower at various  
 Dates of Observation during 2008  

S.O.V. D.F. S.S. M.S. F. Value p-value 

Replications 2 5.97 2.985 1.29        0.06 

Dates of Observation (D) 10 82322.87 8232.287 3544.48 ** 0.00 

Genotypes (G) 17 50859.44 2991.732 1288.12 ** 0.00 

D x G 170 57637.64 339.045 145.98 ** 0.00 

Error 394 915.09 2.323   

(CV = 10.79) 

i) Variation in genotypes 

The results presented in Table 2a reveal that the maximum population of P. 

brassicae was recorded on Cool Sun-70 with 30.02 larvae per plant and it differed 

significantly from all other genotypes, which were under observation. The minimum 

larval population of P. brassicae was recorded 3.44 with larvae per  plant on Pari F1 H 

and it did not show significant difference with Shumaila F1 H and White Shot with 3.88 

and 4.04 larvae of per plant respectively. The larval population of P. brassicae was 

recorded as11.83 and 11.39 per plant on Cash Mere and White Island, respectively and 

categorized as intermediate. Both these genotypes also showed non-significant variation 

with Snow Grace and Early Kanwari having 11.86 and 11.17 larvae per plant population 

of P. brassicae respectively. 

In brief, the genotypes ranked in descending order are as under: Cool Sun-70 > 

Cauliflower Desi > Pari > Cool Sun-71 > Snow Ball > Snow Drift > Snow Crown > 

Snow Grace > Cash Mere > White Island > Early Kanwari > White Excel > Candid 

Charm > White Corona H > White Magic H > White Shot H > Shumila F1 H > and Pari 

F1 H.  From these results, it was concluded that the genotype Cool Sun-70 was found 

comparatively susceptible, whereas Pari F1 H showed comparatively resistant response 

against P. brassicae. Furthermore, the genotypes Cash Mere and White Island proved as 

intermediate. Keeping in view the above results, two genotypes viz. Cool Sun-70 and 

Cauliflower Desi showing susceptible response, two genotypes viz. Cash Mere and White 

Island showing intermediate response and two genotypes viz. Shumaila F1 H and Pari F1 

H showing comparatively resistant trend against P. brassicae were selected for final 

screening experiments during 2009. 
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Table 2a:  Population of Pieris brassicae per Plant on different Genotypes of 
Cauliflower during 2008 

Sr.# Name of 
Genotypes 

Means in Original 
Order 

Name of 
Genotypes 

Means in Descending 
Order 

1 Candid Charm 9.65 h Cool Sun-70 30.02 a * 

2 Cash Mere 11.83 f Cauliflower Desi 28.55 b * 

3 Cauliflower Desi 28.55 b Pari 27.78 c 

4 Cool Sun-70 30.02 a Cool Sun-71 27.04 d 

5 Cool Sun-71 27.04 d Snow Ball 26.91 d 

6 Early Kanwari 11.17 fig Snow Drift 13.51 e 

7 Shamila F1 H 3.88 jk Snow Crown 13.44 e 

8 Pari 27.78 c Snow Grace 11.86 f 

9 Pari F1 H 3.44 k Cash Mere 11.83 f ** 

10 Snow Ball 26.91 d White Island 11.39 f ** 

11 Snow Crown 13.44 e Early Kanwari 11.17 fg 

12 Snow Drift 13.51 e Whit Excel 10.56 g 

13 Snow Grace 11.86 f Candid Charm 9.65 h 

14 White Corona H 4.85 i White Corona H 4.85 i 

15 White Excel 10.56 g White Magic H 4.30 ij 

16 White Island 11.39 f White Shot H 4.04 jk 

17 White Magic H 4.30 ij Shamila F1 H 3.88 jk *** 

18 White Shot H 4.04 jk Pari F1 H 3.44 k *** 
(LSD Value at 5% = 0.737, SE = + 0.265, Means Sharing similar letters are not significantly different by 
DMR Test, *= Susceptible genotypes, **= Intermediate genotypes, ***= Resistant Genotypes) 
 
ii) Period of Population Abundance 

 Fig. 3 reveals that the observation recorded on 8.10.2008 showed significantly the 

highest population of P. brassicae and thereafter population was significantly decreased 

on the subsequent dates of observations and reached to the lowest level, i.e., 0.08 per 

plant on 17-11-2008; and only single peak was recorded in this cropping season. 
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Fig. 3: Population of Pieris brassicae per Plant on Cauliflower at various Dates of Observation   during 
 2008 (LSD value at 5%; P = 0.576) . 
 Mean sharing alpha bet letters showed significant difference among dates of observation. 
 
 Final Screening Trials During 2009 

The data  per plant population of P. brassicae on different selected genotypes of 

cauliflower at various dates of observation during 2009 are given in Appendix 2. The 

results revealed to significant difference (p < 0.01) among dates of observation, genotypes 

and their interaction (Table 3). 

Table 3:  Analysis of Variance of the Data Regarding per Plant Population  
 of Pieris brassicae on different Selected Genotypes of Cauliflower  
 at various Dates of Observation during 2009  

S.O.V. D.F. S.S. M.S. F. Value p-value 

Replications 2 34.58 17.289 2.24 0.087 

Dates of Observation (D) 11 94357.31 8577.937 1112.01 ** 0.00 

Genotypes (G) 5 5768.56 1153.711 149.56 ** 0.00 

D x G 55 8070.15 146.730 19.02 ** 0.00 

Error 142 1095.38 7.714   

(CV = 13.16) 

i)  Variation in Genotypes 

The results regarding average population among various selected genotypes of 

cauliflower  Table 3a  revealed that the genotype Cool Sun-70 showed in highest 

population of P. brassicae, i.e., 28.71 per  plant and differed significantly from those of 

recorded on all other genotypes, while, lowest population  (15.45 per  plant)  was 
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recorded on genotype Pari F1 H and it did not show significant difference with Shamaila 

F1 H (15.25 larvae per plant. The genotypes White Island and Cash Mere (21.07 and 

19.31 larvae per plant, respectively differed significantly with one another as well as from 

all other genotypes. These genotypes were categorized as intermediate. The genotype 

Cauliflower Desi (26.84 larvae per plant  also showed significant difference from all other 

genotypes and proved comparatively resistant followed by Cool Sun-70. Conclusively the 

genotypes were ranked in descending order: Cool Sun-70 > Cauliflower Desi > Cash 

Mere > White Island > Pari F1 H > Shumaila F1 H. Furthermore, the response of 

genotypes towards susceptibility and resistance was almost similar as those of observed in 

the preliminary screening experiment during 2008 except a non-significant variation 

between Shumaila F1 H and Pari F1 H, where Shumaila F1 H showed the lowest 

population of P. brassicae.But in the preliminary screening experiments Pari F1 H 

resulted in the lowest population of the pest  (Table 3a). 

Table 3a:  Population of Pieris brassicae per Plant on different Selected 
 Genotypes of  Cauliflower at various Dates of observation during 
 2009 

Dates of 
Observation 

Interaction between Dates of Observation and Genotypes 
(LSD at 5% = 4.48) 

Average (LSD 
at 5%=1.83) 

Cool 
Son-70 

Cauliflower 
Desi 

Cash 
Mere 

White 
Island 

Shamila 
F1 H 

Pari 
F1 H 

05.10.2009 61.03 d 44.90 fgh 34.00 j 39.43 i 44.00 ghi 29.90 
jk 

42.21 c 

09.10.2009 88.83 a 77.00 b 58.10 d 49.46 ef 40.56 hi 40.73 
hi 

59.12 a 

13.10.2009 62.70 d 68.50 c 51.23 e 41.37 hi 33.00 jk 43.33 
ghi 

50.02 b 

17.10.2009 52.56 e 59.43 d 47.86 
efg 

34.67 j 28.46 k 31.53 
jk 

42.42 c 

21.10.2009 31.46 
jk 

30.07 jk 28.16 k 28.76 k 17.53 l 19.86 l 25.98 d 

25.10.2009 17.30 l 15.70 lm 18.73 l 19.10 l 12.56 mn 10.80 
no 

15.70 e 

29.10.2009 10.43 
no 

8.20 nop 5.50 
opqrst

7.46 
opq

3.43 pqrst 4.43 
pqrst 

6.58 f 

03.11.2009 8.43 
nop 

6.36 opqr 4.46 
pqrst 

6.06 
opqrs 

2.63 qrst 3.60 
pqrst 

5.26 f 

07.11.2009 6.27 
opqr 

6.39 opqr 2.60 
qrst 

2.70 
qrst 

0.63 st 1.00 
rst 

2.26 g 

11.11.2009 4.16 
pqrst 

5.06 pqrst 2.06 
qrst 

2.30 
qrst 

0.16 t 0.16 t 2.32 g 

15.11.2009 0.93 rst 0.33 t 0.13 t 0.26 t 0.00 t 0.00 t 0.28 h 
19.11.2009 0.36 t 0.13 t 0.03 t 0.06 t 0.00 t 0.00 t 0.10 h 
Average (LSD at 
5% =1.29) 

28.71 a 26.84 b 21.07 c 19.31 d 15.25 e 15.45 
e 

 

Means sharing similar letters in rows and columns regarding interaction, in columns regarding average 
dates of observation and in row regarding average of genotypes are not significantly different by DMR Test 
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ii) Period of Abundance 

Results pertaining to abundance period showed that significantly the highest 

population of the pest was recorded during observation on 09-10-2009 (Table 3a). A 

decreasing trend in population was observed thereafter on the subsequent dates of 

observation and it reached to a minimum of 0.10 per  plant on 19-11-2009. From these 

results, it was concluded that there was only one peak of the pest throughout the crop 

season (2009). 

iii) Interactional Response between Dates of Observation and Genotypes. 

The results are also presented in Table 3a  regarding interaction between dates of 

observations and genotypes. During present study, it was observed that all the genotypes 

showed significantly maximum population of P. brassicae on 9-10-2009 except Pari F1 H 

where this genotype showed maximum population of the pest on 13-10-2009. 

Furthermore, all the genotypes showed a decreasing trend throughout the croping season 

starting from the observation recorded on 13-10-2009 to 19-11-2009.   

In case of genotype Pari F1 H, it was observed that the population of the pest was 

recorded as 29.90 per plant on 5-10-2009 and this population increased up to the highest 

peak i.e. 43.33 on 13-10-2009. A continuous decreasing trend was observed thereafter on 

the subsequent dates of observation. 

 
 Host Plant Susceptibility Indices (HPSIs) 

The HPSIs were calculated based on larval population of P. brassicae per plant 

for the years 2008 and 2009 to find the actual role of individual genotype compared with 

the genotypes under study. 

i) HPSIs for the Year 2008 

 The results  (Fig. 4)  regarding HPSIs in different genotypes of cauliflower based 

on larval  population  of P. brassicae per plant during 2008, revealed that the genotype 

Cool Sun-70 showed maximum HPSI i.e. 12% followed by Cauliflower Desi, Pari, Cool 

Sun-71 and Snow Ball; each showed 11% HPSI. The minimum HPSI was recorded to be  

1% for Pari F1 H and found the most resistant genotype. Two percent HPSI was recorded 

each on Shumila F1 H, White Shot, White Magic H and White Corona H, Four percent 

HPSIs on Candid Charm, White Excel, Early Kanwari and White Island and five percent 

HPSI was recorded on Cash Meri, Snow Grace, Snow Crown and Snow Drift (each). 

 From these results, it was concluded that the genotype Pari F1 H showed 



 
 

45

12%

11%

11%

11%
11%5%

5%
5%

5%

4%
4%

4%
4% 2%2%2%2%1%

Cool Sun-70

Caulif low er Desi

Pari

Cool Sun-71

Snow  Ball

Snow  Drif t

Snow  Crow n

Snow  Grace

Cash Mere

White Island

Early Kanw ari

White Excel

Candid Charm

White Corona H

White Magic H

White Shot H

Shamila F1H

Pari F1H

34%

32%

13%

13%
4% 4% Cool Sun-70

Cauliflower Desi

Cash Mere

White Island

Shamila F1H

Pari F1H

minimum HPSI, i.e., 01%, whereas Cool Sun-70 proved a susceptible genotype showing 

maximum HPSI, i.e., 12%. 

 

 

 

 

 

 

 

 

 

Fig. 4:  HPSIs in different Genotypes of Cauliflower based on Population 
 of Pieris brassica per Plant during 2008 

 

ii) HPSI During 2008 on Selected Genotypes of Cauliflower 

The results presented in Fig. 5 are regarding HPSI in various selected genotypes 

of cauliflower based on larval population of P. brassicae per plant during 2008 and 

revealed that the genotype Cool Sun-70 showed maximum HPSI i.e. 34% followed by 

Cauliflower Desi that possessed 32% HPSI. The minimum HPSI i.e. 04% was recorded 

each on Pari F1 H and Shamila F1 H. The genotypes Cash Meri and White Island each 

with 13% HPSI and were categorized as intermediat. 

 

 

 

 

 

 

 

 

 
Fig. 5:  HPSIs in various Selected Genotypes of Cauliflower based on 

 Population of Pieris brassicae per Plant during 2008 
 
iii) HPSI during 2009 on Selected Genotypes of Cauliflower 

 The results presented in Fig. 6 are relating to the HPSIs in various selected 

genotypes of cauliflower based on larval population of P. brassicae  per plant during 
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2009 and reveal that the genotype Cool Sun-70 showed maximum HPSI i.e. 23% and 

found as comparatively susceptible, followed by Cauliflower Desi with 21% HPSI. The 

minimum HPSI was recorded 12% for Pari F1 H and Shumaila F1 H. The genotypes Cash 

Mere and White Island were recorded with 17% and 15% HPSIs, respectively and 

categorized as intermediate. 

 
 

 

 

 

 

 

Fig. 6:  HPSIs in various Selected Genotypes of Cauliflower based on 
 Population of Pieris brassicae per Plant during 2009. 

 
 HPSIs during 2008 and 2009 (Average) 

 The results presented in Fig 7 are regarding HPSIs in various selected genotypes 

of Cauliflower based on larval population of P. brassicae per plant on an average of 2008 

and 2009 and reveal that the genotype Cool Sun-70 showed 27% HPSIs followed by 

Cauliflower Desi with 26% HPSI. The minimum HPSIs were calculated as 9 percent for 

Pari F1 H and Shamila F1 H. The genotypes Cash Meri and White Island were 

categorized as intermediate with 14 percent and 15 percent HPSIs, respectively. 

 

 

 

 

 

 

 

 

 

 
Fig 7:  HPSIs in various Selected Genotypes of Cauliflower based on 

 Population of Pieris brassica per Plant during 2008 and 2009 
 (Average) 
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DISCUSSION 

 Eighteen genotypes of cauliflower viz. Candid Charm, Cash Mere, Cauliflower 

Desi, Cool Sun-70, Cool Sun-71, Early Kanwari, Shumila F1 H, Pari, Pari F1 H, Snow 

Ball, Snow Crown, Snow Drift, Snow Grace, White Corona H, White Excel, White 

Island, White Magic H and White Shot H were studied for their relative 

susceptibility/resistance against Pieris brassicae during 2008 at Faisalabad ecological 

conditions. The results revealed significant differences among genotypes, dates of 

observation and in their interactions. The genotype Cool Sun-70 showed maximum 

population of P. brassicae and found to be comparatively susceptible with 30.02 

populations per plant, whereas the genotype Pari F1 H appeared as comparatively 

resistant with the lowest population of P. brassicae i.e. 3.44 per plant. In brief the 

genotypes were ranked under descending order Cool Sun-70 > Cauliflower Desi > Pari > 

Cool Sun-71 > Snow Ball > Snow Drift > Snow Crown > Snow Grace > Cash Mere > 

White Island > Early Kanwari > White Excell> Candid Charm > White Corona H > 

White Magic H > white Shot H > Shumila F1 H > and Pari F1 H. 

From these preliminary screening trials, two comparatively susceptible genotypes 

Cool Sun-70 and Cauliflower Desi  showing maximum population of the pest 30.02 and 

28.55 per plant two comparatively resistant genotypes Pari F1 H and Shamila F1 H 

showing the minimum population of the pest  3.44 and 3.88 per plant and two genotypes 

Cash Mere and White Island  showing intermediate response 11.83 and 11.39 per plant 

were selected for final screening trial during 2009. Variation was found to be significant 

among genotypes, dates of observation and in their interaction during 2009.  

The genotype Cool Sun-70 again showed susceptible response with maximum 

population of P. brassicae i.e. 28.71 per plant and the genotype Pari F1 H appeared as 

resistant with minimum pest population i.e. 15.45 per plant. The response of other 

genotypes was almost similar to those of observed in the preliminary screening trial.  

Resultantly the genotype Cool Sun-70 proved susceptible, whereas Pari F1 H appeared as 

resistant to P. brassicae.  

The present findings cannot be compared with those of Aslam and Suleman 

(1999), Lin et al.  (2001), Aslam et al. (2000), Younas et al. (2004), Jogar et al. (2005), 

Ali and Rizvi  (2007), Metspalu et al. (2009), Rather and Azim (2009), Rizvi et al. (2009) 

because they studied different host plants in various ecological conditions as those of 
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studied in the present investigation. Furthermore, in the present study, the peak 

population of the pest was recorded 36.63 per  plant on 08-10-2008. 

A decreasing trend in population abundance of P. brassicae was observed 

thereafter on the subsequent dates of observation during both the study years and the 

population reached to a minimum level of 0.08 on 17-11-2008 and 0.10 on 19-11-2009.  

 The present findings are not in conformity with those of Sharma et al. (2005), who 

reported that the incidence of cabbage butterfly was observed from 1st week of November 

2004 with the peak population of 12.03 larvae per plant during the 4th week of January 

2005; whereas in the present study, 8th October 2008 and October 09, 2009 were the most 

favorable at which  peak of the pest actively was seen. 
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SUMMARY 

Eighteen genotypes of cauliflower viz. Candid Charm, Cash Mere, Cauliflower 

Desi, Cool Sun-70, Cool Sun-71, Early Kanwari, Shumaila F1 H, Pari, Pari F1 H, Snow 

ball, Snow Crown, Snow Drift, Snow Grace, White Corona H, White Excel, White Island, 

White magic H and White shot H were sown in the fields during 2008 to screen resistant, 

susceptible and intermediate genotypes based on population density of Pieris brassicae 

per plant. From these studies, six genotypes viz. Cool Sun-70 and Cauliflower Desi, Cash 

Mare, White Island and Shumaila F1 H and Pari F1 H showed susceptible, intermediate 

and resistant response and they were selected for further studies. These genotypes were 

again sown under field conditions during 2009 to confirm the results of the previous year. 

The results revealed that the population of P. brassicae differed significantly 

among genotypes, dates of observations and in their interactions. The genotype cool son-

70 was found susceptible, whereas pari F1 H appeared resistant genotypes showing 30.02 

and 3.44 per plant population of P. brassicae, respectively during 2009. The highest trend 

in population fluctuation was observed on October 08, 2009 and the decreasing trend was 

observed thereafter on the subsequent dates of observation. 

 The selected genotypes viz. Cool Sun-70, Cauliflower Desi, Cash Mere, White 

Island, shumila F1H and pari F1 H differed significantly with one another regarding per 

plant population of P. brassicae during 2009. The highest population was observed 28.71 

per plant on cool sun-70 whereas minimum population was recorded 15.45 per plant on 

Pari F1 H that proved to be susceptible and resistant cultivars, respectively.  

 The results pertaining to host plant susceptibility indices in various selected 

genotypes of cauliflower based on population of P. brassicae per plant during 2008 and 

2009 (average) revealed that cool sun-70 proved as comparatively susceptible showing 

maximum HPSIs i.e. 27%, whereas pari F1 H showed 09% HPSI and found 

comparatively resistant. 
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                                              SECTION II 

 Role of weather in the Expression of Resistance against P. brassicae on Cauliflower 

 The data regarding larval population of P. brassicae was collected during 2008 

Appendix 1 and 2009 Appendix 2 at various dates of observation and was processed for 

simple correlation and multiple linear regression analysis of variance to underline the 

effects of ambient weather conditions Appendix 3 and 4 to find the role of these  factors 

on population fluctuation of cabbage butterfly and results are presented under the 

following sub-headings: 

 Larval Population of P. brassicae Versus Weather Factors 

 The results (Fig. 8) revealed that the maximum population of the pest 36.63 larva 

per  plant was recorded on 8.10.2008 with maximum temperature 35 °C, minimum  24.3 

°C, average  29.65 °C and relative humidity of 63.37% and these conditions proved  very 

favorable for the development of the pest. The decreasing trend in larval population of the 

pest was observed thereafter on the subsequent dates of observation till the lowest level 

(0.08/ plant) was seen on 17-11-2008. From these results, it was observed that 

temperature showed direct correlation with the pest population. Similar trend was 

observed in the abundance of larval population of P. brassicae during 2009. Fig. 10 

shows that the larval population was at its highest peak i.e. 59.12 per plant recorded on 

09-10-2009 with maximum temperature of 34.50°C, minimum temperature of 19.37°C, 

average temperature of 26.93°C and relative humidity of 57.25% and these weather 

conditions were again proved very favourable for the development of the pest. Thereafter, 

a decreasing trend in larval population of the pest was observed on the subsequent dates 

of observation till the lowest level (0.10/ plant) on 19-11-2009. It was again observed that 

the temperature showed positive correlation with the pest density of the cabbage butterfly 

larvae. 
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Fig. 8:   Population of Pieris brassicae versus weather factors during 2008 
 
 

 
 

Fig. 9: Population of Pieris brassicae versus weather factors during 2009 
 
Simple Correlation between Pest Population and Weather Factors 

 The results regarding the effect of weather factors on the population of P. brassica 

per plant in cauliflower during various study years are shown in Table 3. It is evident 

from the results that maximum temperature, minimum temperature and average 

temperature during 2008 and 2009 and on cumulative basis showed significant (p < 0.01) 

correlation with the pest population, whereas relative humidity exerted negative and 

significant effect; while effect of rainfall was non-significant. 
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Table 4:  Effect of Weather Factors on the Population of Pieris brassicae per 
Plant in Cauliflower during various Study Years 2008 and 2009 

Years Temperature oC RH (%) RF (mm) 

2008 

r –value 0.820** 0.942** 0.993** -0.613* - 

SE +0.156 0.167 0.135 1.489 - 

p- Value 0.002 0.000 0.00 0.045 - 

2009 

r –value 0.878** 0.842** 0.866** -0.703** 0.243 

SE 0.167 0.261 0.175 0.462 0.115 

p- Value 0.00 0.00 0.00 0.010 1.00 

Cumulative 
Effr –value 0.826** 0.783** 0.830** -0.494** 0.215 

SE 0.171 0.307 0.190 1.164 0.673 

p- Value 0.00 0.00 0.00 0.016 0.325 

* = Signficiant at p< 0.05                     ** = Signficant at p<0.01 
 
Multiple Linear Regression Models 
 The results regarding multiple linear regression models along with coefficient of 

determination values between population of P. brassicae per plant and weather factors 

during various study years are presented in Table 5. It is evident from the results that 

during 2008 maximum temperature showed the highest impact i.e. 67.2 percent in per unit 

change of pest density followed by minimum temperature with 21.7 percent effect. 

Relative humidity and rainfall showed non-significant impact i.e. 1.0 and 0.3 percent, 

respectively in population fluctuation of the pest. The coefficient determination value was 

recorded as 0.902 when the effect of all the weather factors was computed together. 

 During 2009, maximum temperature was again showed utmost impact i.e. 77.2 

percent in per unit change of the pest density followed by relative humidity, minimum 

temperature, average temperature and rainfall with 6.9, 6.0, 2.4 and 0.8 percent impact, 

respectively. The coefficient of determination value was recorded as 0.933 when the 

effect of all the weather factors was computed together. 

 On cumulative basis, it was evident from the results that maximum temperature 

was again most important factor, which contributed maximum i.e. 68.3 percent in per unit 

change of larval population of P. brassicae followed by minimum temperature, average 

temperature, relative humidity and rainfall showed non-significant impact i.e. 4.1, 1.9, 0.4 

and 0.2 percent in population fluctuation of the pest, respectively. The coefficient of 

determination value was recorded as 0.749 when the effect of all the weather factors was 
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computed together.  Furthermore, all the regression equation during both the study years 

as well as on cumulative basis exerted significant response towards population fluctuation 

of the pest. 

Table 5:  Multiple Linear Regression Models along with Coefficient of 
Determination (R2) Values between Population of Pieris brassicae per 
Plant and Weather factors during Various Study Years 2008 and 2009 

 Regression Equations R2 100R2 Impact 
(%) 

F. 
Value 

2008 
Y= -29.057+5.710X1** 0.672 67.2 67.2 18.43 
Y= -13.453-0.536NSX1+3.337**X2 0.889 88.9 21.7 32.11 
Y= -132.133+14.978X1+14.188X2 -

25.558X3 
0.899 89.9 1.0 20.76 

Y= -12.332+21.824X1+18.68X2-37.149X3-
0.134X4 

0.902 90.2 0.3 13.85 

2009 
**Y= -33.04+6.598**X1 0.772 77.2 77.2 33.80 
**Y= -28.183+4/252*X1+2.152NSX2 0.832 83.2 6.0 22.30 
**Y= --34.040+3.841*X1+0.248X2+3.193X3 0.856 85.6 2.4 15.86 

**Y= 10.307-0.090X1+4.678X2-1.460X3-
2.1677*X4 

0.925 92.5 6.9 21.58 

**Y= 7.852-0.285X1+5.411*X2-1.568X3-
1.959*X4-0.375X5 

0.933 93.3 0.8 16.78 

Cumulative 
**Y= -30.219+6.005**X1 0.683 68.3 68.3 45.26 
**Y= -25.120+4.039**X2+1.504X2 0.724 72.4 4.1 26.18 
**Y= 29.217+3.179*X1-0.127X2+3.147X3 0.743 74.3 1.9 18.34 
**Y= -27.365+3.187X1-0.227X2+3.026X3-

0.119X4 
0.747 74.7 0.4 13.29 

**Y= -27.171+3.294X1-0.426X2+3.049X3-
0.154X4+0.166X5 

0.749 74.9 0.2 10.15 

Where: 
X1= Maximum Temperature oC          X2= Minimum Temperature oC  
X3= Average Temperature oC            X4= Relative Humidity (%) 

X5= Rainfall (mm) 

* = Signficiant at p< 0.05 

** = Signficant at p<0.01 
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                                                DISCUSSION 

 Maximum temperature 35 oC, minimum temperature of 24.3 oC, average 

temperature of 29.65 oC and relative humidity 63.37%  were most favourable for 

maximum larval population of P. brassicae i.e. 36.63 per plant on 8-10-2008. Similarly, 

the maximum larval population of  P. brassicae i.e. 59.12 per plant recorded on 9-10-

2009 at maximum temperature of 34.50 °C, minimum of  19.37 °C, average of 26.93 °C 

and relative humidity of 57.25% and these factors were found to be the most favourable 

for the development of the pest. The present findings are not in conformity with 

Jainulabdeen and Prasad (2004) who reported that temperature ranging from 17.60 oC to 

6.80 oC, relative humidity 65.3%, wind velocity  1.8 kg/h  and sunshine 7.3 h were more 

favourable for multiplication of P. brassicae. During present research, only one peak was 

observed and decreasing trend was recorded thereafter on the subsequent dates of 

observation during both the study years. 

 Maximum temperature with r-values of 0.820, 0.878 and 0.826; minimum 

temperature with r-values of 0.942, 0.842 and 0.783 and average temperature with r-

values of 0.993, 0.866 and 0.830 showed significant (p < 0.01) and positive correlation 

with the pest population during 2008, 2009 and on cumulative basis, respectively. The 

present findings are not in conformity with those of Jainulabdeen and Prasad (2004) who 

reported non-significant and negative correlation with maximum, minimum and mean 

temperature.  Similarly the present findings are not too conformity with those of Sharma 

et al. (2005) who reported negative and significant effect of temperature (minimum and 

maximum) on the pest population. In the present study relative humidity with r-values of 

0.613*, 0.703** and 0.494** showed negative and significant correlation; and these 

findings are partially inconformity with Jainulabdeen et al. (2004) who reported 

significant and positive effect of relative humidity at morning and evening with the 

population of P. brassicae.  The present findings are also not in conformity with those of 

Sharma et al. (2005) who reported significant and negative correlation between relative 

humidity and incidence on cabbage butterfly. Furthermore, in the present study, multiple 

linear regression models revealed that maximum temperature exerted maximum impact 

i.e. 67.2, 77.2 and 68.3% in per unit change of the pest population during 2008, 2009 and 

on cumulative basis, respectively. In the present study, rainfall showed non-significant 

correlation with the pest population. However, the response was found to be positive 

during 2009 and on cumulative basis. During 2008, there was no rainfall throughout the 

crop season. The present findings are not in conformity with those of Sharma et al. (2005) 

who reported negative and significant correlation between rainfall and pest density. 
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SUMMARY 

The data regarding  larval population of P. brassicae recorded on various cultivars 

of cauliflowers during different  study years i.e. 2008 and 2009, and the ambient weather 

factors i.e. maximum, minimum, average temperature; relative humidity and rainfall were 

processed for simple correlation and multiple linear regression analysis of variance to find 

the role of weather factors  on population fluctuation of the pest during both the study 

years as well as on cumulative basis. 

 Maximum temperature 35 oC, minimum 24.3 oC, average 29.65 oC and relative 

humidity 63.37 percent favoured the most, and resulted in maximum larval population of 

P. brassicae i.e. 36.63 per plant on 8-10-2008. Similarly, the maximum larval population 

of P. brassicae i.e. 59.12 per plant recorded on 09-10-2009 at maximum temperature of 

34.50°C, minimum of  19.37 °C, average of 26.93 °C and relative humidity of 57.25 

percent and these factors were found  the most favourable for the development of the pest. 

 Maximum temperature with r-values of 0.820, 0.878 and 0.826; minimum 

temperature with r-values of 0.942, 0.842 and 0.783 and average temperature with R-

values of 0.993, 0.866 and 0.830 showed significant (P < 0.01) and positive correlation 

while relative humidity with r-values of 0.613*, 0.703** and 0.494** showed negative 

correlation with the pest population during 2008, 2009 and on cumulative basis, 

respectively. Multiple linear regression models revealed that maximum temperature 

exerted maximum impact i.e. 67.2, 77.2 and 68.3 percent in per unit change of the pest 

population during 2008, 2009 and on cumulative basis, respectively. 
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                                                    SECTION III 

  Role of Physio-morphological  and  chemical plant characters in the expression of 
Resistance against P. brassicae in Cauliflower 

 

 Role of various physio-morphological plant characters viz. plant height, number 

of leaves per plant, foliage fresh rate, foliage dry weight, chlorophyll content and leaf 

area in selected cultivars of cauliflower was also determined during present study. The 

data were computed statistically for simple correlation and multiple linear regression 

analysis of variance to determine the impact of physio-morphological plant characters on 

the population fluctuation of P. brassicae.  

Physio-morphological and chemical Plant Characters 

i) Plant Height (cm) 

 The data regarding plant height in different selected cultivars of cauliflower are 

given in Appendix 5.Table 6 reveals significant difference (p < 0.01) among the cultivars. 

The cultivar Shumaila F1 H showed maximum plant height which differed non-

significantly from Pari F1 H and Cash Mere having 71.88 and 69.90 cm plant height, 

respectively. The cultivar White Island had 64.88 cm plant height, which was categorized 

as intermediate and differed significantly from all other cultivars. The cultivar Cool sun-

70 possessed minimum plant height (49.17 cm) and was at par statistically with those of 

recorded in cauliflower Desi with 51.72 cm plant height.  

ii) Number of Leaves per Plant 

 The significant difference was recorded among cultivars (p < 0.01) regarding 

number of leaves per plant  (Table 6 and 6a). The maximum number of leaves  (18.62) 

was recorded on cultivar Pari F1 H and it differed significantly from White Island and 

Cauliflower Desi having 18.18 and 18.12 number of leaves per plant, respectively. The 

minimum number of leaves were recorded on Cool sun-70  14.64 per plant  and it was 

non-significantly different from those of recorded on Cash Mere (15.80 numbers of 

leaves per plant). Cash Mere also differed non-significantly in number of leaves per plant 

with those of recorded in Shumaila F1 H having 16.14 numbers of leaves per plant.  

 iii)  Foliage Fresh Weight per Plant 

 The data pertaining to foliage fresh weight in various selected cultivars of 

cauliflower are presented in Appendix 5. The results revealed the significant difference 

among cultivars (Table 6 and Table 6a). The cultivar Pari F1 H resulted in maximum 

foliage fresh weight i.e. 1.215 kg/plant and differed significantly from those of observed 

in all other cultivars. The minimum foliage fresh weight was observed as 0.911Kg in 
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cultivar Cool Sun-70 and it also differed significantly from all other cultivars. The 

cultivars Cauliflower Desi, Cash Mere, White Island and Shamila F1 H showed 0.980, 

1.074, 0.123 and 1.195kg foliage fresh weight, respectively and differed significantly 

from one another. 

iv)  Foliage Dry Weight Per Plant 

 Significant difference was recorded among cultivars regarding foliage dry weight 

per plant (Appendix 5, Table 6 and 6a). It is evident from the results that Pari F1 H 

showed maximum foliage dry weight i.e. 280.33g and differed significantly from all other 

cultivars. The minimum foliage dry weight was recorded as 219.66g in Cool sun-70 and it 

also showed significant difference from all other cultivars. Cauliflower Desi, Cash Mere, 

White Island and Shamila F1 H showed 235.33, 244.33, 260.67 and 266.33g foliage dry 

weight, respectively and differed significantly with one another. 

v) Chlorophyll Contents 

 The data regarding chlorophyll percentage in the leaves of various cultivars of 

cauliflower are given in Appendix 5. The analysis of variance revealed significant 

difference (p < 0.01) among cultivars (Table 6). It is evident from the results that the 

cultivars Pari F1 H showed maximum chlorophyll content in the leaves i.e. 203.83% and 

showed non-significant difference with Shamila F1 H and White Island with 201.37 and 

179.22%, respectively. The minimum chlorophyll contents were recorded as 111.30% in 

the leaves of Cool sun-70 and also showed significant difference with those of recorded in 

all the other cultivars. Cauliflower Desi and Cash Mere possessed 145.200 and 148.88% 

chlorophyll contents in their leaves, respectively and differed non-significantly with each 

other.  It was observed that there was negative corelation between chlorophyll contents of 

cauliflwoer and Pieris brassicae infestation. 

vi)   Leaf Area 

 The results regarding leaf area (cm2) in different selected cultivars of cauliflower 

are given in Appendix 5. The analysis of variance revealed significant difference (p < 

0.01) among cultivars Table 6.  It was evident from the results that maximum leaf area 

was recorded to be  724.53cm2 in cultivar Pari F 1 H and it was non-significantly 

different with Shumaila F1 H (721.73cm2 leaf area). The minimum leaf area was recorded 

to be 457.99 in cultivar Cool sun-70 and it showed significant variation with all other 

cultivars. The Cauliflower Desi, Cash Mere and White Island possessed 520.00, 563.60 

and 671.16cm2 leaf area, respectively and differed significantly with one another under 

intermediate ranking. During the present study, resistant varities with high leaf area were 

attacked less as compared to susceptible varities with low leaf areas.  
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Table 6.  Analysis of Variance regarding various physio-morphological  plant 
characters in selected cultivars of cauliflower 

 
* = Signficiant at p< 0.05                                       ** = Signficant at p<0.01 
Table 6a. Physio-morphic Plant Characters in various Selected Cultivars of 
Cauliflower 

Name of 
Cultivars 

Plant 
Height 

(cm) (A) 

Number of 
Leaves  

Plant-1 (B) 

Foliage Fresh 
Weight ( C) 

Foliage dry 
weight (gm)  

(D) 

Chlorophyll 
(%)  
(E) 

Leaf Area 
(cm-2) (F) 

Cool Son-70 49.17 c 14.65 c 0.91 f 219.67 e 111.31 c 257.99 e 

Cauliflower Desi 51.73 c 18.12 a 0.98 e 235.33 d 145.20 b 520.00 d 

Cash Mere 69. 90 a 15.80 bc 1.07 d 244.33 c 148.89 b 563.60 c 

White Island 64.89 b 18.18 a 1.12 c 260.67 b 179.22 a 671.16 b 

Shamila F1 H 72.89 a 16.15 b 1.19 b 266.33 b 201.38 a 721.73 a 

Pari F1 H 71.88 a 18.62 a 1.21 a 280.33 a 203.83 a 724.53 a 

LSD at 5% 3.208 1.315 0.018 6.463 26.817 16.856 

SE 1.018 0.417 0.005 2.051 8.510 5.349 

    Means sharing similar letters are not significantly different by DMR test p=0.05 
 
 Correlation Coefficients between Population of P. brassicae and Various Physio-
morphological Plant Characters 

 

 The results regarding the effect of various physio-morphological plant characters 

viz. plant height, number of leaf per plant, foliage fresh weight, foliage dry weight, 

chlorophyll contents in leaf area are given in Table 7. It is evident from the results that 

plant height, foliage fresh weight, foliage dry weight, chlorophyll content and leaf area  

showed significant and negative correlation with the population of P. brassicae (r-values 

= -0.920, -0.973, -0.940, -0.879 and -0.956, respectively). Furthermore, number of leaf 

per plant showed non-significant correlation with the pest population under study; and 

negative effect was also recorded. 

SOV DF Plant height Number of leaves 
per plant 

Foliage fresh 
weight 

Foliage dry weight Chlorophyll Leaf Area 

MS F.Ratio MS F.Ratio MS F.Ratio MS F.Ratio MS F.Ratio MS F.Ratio 

Replication 2 1.715 0.55 0.479 0.92 0.001 5.73 10.889 0.86 30.097 0.14 134.814 1.57 

Cultivars 5 327.174 105.21** 7.768 14.86** 0.043 187.42** 1476.356 116.96** 3940.797 18.14** 37620.744 438.20** 

Error 10 3.110  0.523  0.000  12.662  217.286  85.852  
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Table 7:  Correlation between Population of P. brasicae and Various 
 Physio-morphological Plant Characters in Cauliflower 

 Plant 
Height 
(cm) 

Number of 
Leaves  
Plant-1 

Foliage 
Fresh 

Weight 
(Kg) 

Foliage 
dry 

weight 
(gm) 

Chlorophyll 
(%) 

Leaf Area
(cm-2) 

Population 
per Plant 

r-value 0.920** -0.383 0.973** 0.940** -0.879** 0.956** 

P-value 0.001 0.116 0.001 0.001 0.001 0.001 

SE ± 3.99 ± 1.550 ± 0.027 ± 7.422 ± 17.632 ± 31.806 

NS = Non-significnat at (p>0.05); ** = Highly significant at (p< 0.01) 
 
Table 8: Multiple Linear Regression Models along with Coefficient of Determination (R2) 
 Values between Population of Pieris brassicae per Plant and Various Physio-morphic Plant 
Characters 
 Regression Equations R2 P/F SE Impact (%)

**Y= 52.837- 0.5004**X1 0.847 00/88.47 2.175 84.7 

**Y= 62.9111- 0.4779** X 1- 0.679* X 2 0.887 00/59.02 1.927 4.00 

**Y= 69.038-0.1343X1-0.0953X2-0.349**X3 0.956 00/101.15 1.248 6.9 

**Y= 70.572-0.137X1+0.03562-0.263X3- 
0.0509X4 

0.957 00/73.06 1.272 0.1 

**Y= 70.850-0.136 X 1+0.034 X 2 
- 0.265X3-0.520X4+0.00127 X 5 

0.957 00/53.97 1.324 0.00 

**Y= 63.970- 0.136X1+ 0.0140X2 
-19.08X3-0.1707X4+0.0150X5 - 0.0196 
X6 

0.964 00/48.72 1.276 0.7 

Where: 

X1= Plant Height (cm)        X2=Number of Leaves per Plant 

X3=Foliage Fresh Weight (kg) X4=Foliage dry Weight (gm) 

X5= Chlorophyll Contents (%) X6= Leaf Area (cm-2) 

p = Probability Value              SE = Standard Error        

*Significant at p< 0.05                     ** Significant at p < 0.01 
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DISCUSSION 

 Study was carried out to find the role of various physio-morphological plant 

characters on population fluctuation of P. brassicae in various cultivars of cauliflower. 

Results revealed that all the cultivars of cauliflower differed significantly in plant height, 

number of leaves per plant, foliage fresh weight, foliage dry weight, chlorophyll contents 

and leaf area. Plant height, foliage fresh weight, foliage dry weight, chlorophyll contents 

and leaf area were showed negative and significant correlation with the pest population, 

whereas, number of leaves per plant was not so important as this factor showed non-

significant correlation with the pest.  

 The multiple regression analysis revealed that plant height was the most important 

factor, which contributed the maximum i.e. 84.7% in per unit change in pest density and 

overall role of this factor was non-significant. Foliage dry weight, chlorophyll contents 

and leaf area were also not so important because they contributed non-significant impacts. 

Foliage fresh weight exerted 6.9% role in population fluctuation of the pest; while 04% 

impact was observed for number of leaves per plant.  

 No research work has been done so for regarding physio-morphological impacts 

on cauliflower cultivars  in Pakistan. However, some references were found on the role of 

chlorophyll contents e.g. Golawska et al. (2009) and Hossain et al. (2002) but their work 

was on different crops and pests – not in line with present investigation. Present findings, 

however, in broader since can be compared with the above workers, as they reported that 

the amount of chlorophyll contents varied significant loss in chlorophyll contents. In the 

present study chlorophyll contents has negative and significant correlation with the pest.  

 

 Present results are consistent with Hussain et al. (2002) who found the same 

correlation between bringal shoot and fruit borer infestation and bringal chlorophyll 

contents. It was also observed that varities with low chlophyll contents were attacked 

more for the insects larvae of the tested insect. This shows that chlorophyll contents have 

a great influence on the Pieris brassicae population fluctuation by showing comparatively 

resistance response to Pieris brassicae. Similarly, Golawska et al. (2009) observed that 

feeding by pea aphids Acyrthosiphon pisum Harris (Hemiptera: Aphididae) caused 

significant loss of chlorophyll a and b in the infested plants. Uninfested leaves on both 

short- and long-infestation plants had significantly higher chlorophyll a and b than 

infested leaves. 
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 Arif et al. (2004) observed that leaf area and lamina thickness of different cotton 

varities have no significant effect against cotton thrips; while Ahmad and Haq (1981) 

found that leaf lamina of cotton varities contributed resistance against jasid population. 
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                                                 SUMMARY 

 
 Various physio-morphological plant characters viz. plant height, number of leaves 

per plant, foliage fresh weight, foliage dry weight; chlorophyll content and leaf area were 

determined to find the varietal variation and their effect on the population fluctuation of 

P. brassicae on cauliflower. All the cultivars of cauliflower differed significantly in their 

physio-morphological plant characters. Plant height, foliage fresh weight foliage dry 

weight, chlorophyll contents and leaf area showed negative and significant correlation 

with the pest density under study. Multiple regression analysis of variance revealed that 

plant height was the most important factors which had maximum impact i.e. 84.7% in per 

unit change of P. brassicae on cauliflower. Foliage fresh weight was the next important 

factor and contributed 6.9% role in per unit change of the pest. All the other factors 

showed negligible role in the fluctuation of the pest. The R2 value was recorded as 0.964 

when the effect of all the factors was computed together.  
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BIO-ESSAY oF EPNs against cabbage butter fly (Pieris brassicae) 

 In this phase, effectiveness of various Entomopathogenic nematodes viz 

Heterorhabditis indica, Steinernema pakistanense, and Steinernema asiaticum were 

observed for each at the rate of 200 IJs under laboratory conditions for the P. brassicae to 

select the most effective EPN for inclusion in the modules of IPM experiments. The 

results on the mortality of the pest were recorded at various pest treatment intervals viz. 

24, 48, and 72 hours and are described as under: 

i.  Effectiveness at 24 hours of post treatment interval.  

 The effectiveness of various EPN treatments at 24 hours of post treatment 

intervals are presented in Appendix (8a). The results revealed significant differences 

(p<0.01) among treatments (Table NOVA). The means were compared by DMR test at P 

= 0.05 (Table 7a). It is evident form the results that the application of Heterorhabditis 

indica, showed maximum mortality of the pest at 24 hours after treatment and differ non-

significantly with those of S. asiaticum (2.50/10- larvae). The effect of Steinernema 

pakistanense was intermediate with the fifty of 1.50/10 larvae; however, H. indica was 

more effective and was at par statistically with S. asiaticum. 

ii. Effectiveness at 48 hours of Post treatment interval 

 The data given in Appendix (8a) and results presented in Table (9) revealed 

significant difference (p<0.01) among treatments. The means were compared by DMR 

test at (p=0.05). It is evident from the results that S. asiaticum showed maximum 

mortality of pest i.e. 4.00/10 larvae and differ non-significantly from application of S. 

indica (3.50/10 larvae) and S. pakistanense, which showed intermediate response. It also 

differed significantly from all other treatments. However, S. asiaticum proved the most 

effective at 48 post treatment interval.  

iii. Effectiveness at 72 hours of post treatment interval  

 The results revealed significant difference (p≤0.01) among treatments in various 

intervals. The means were compared by DMR test at p=0.05 (Table 9; Appendix 8a.).  It 

is evident from the results that the application of S. asiatcium resulted in maximum 

mortality of the pest i.e. (7.50/10 larvae) and differed significantly from all other 

treatments. The effect of H. indica and S. pakistanense was non-significantly different in 

the response of mortality regarding P. brassicae and showed 3.75 and 3.00 mortality per 

10 larvae, respectively. From the results, it was concluded that S. asiaticum proved the 

most effective for the control of P. brassieae and showed 3.75 and 3.00 mortality per 10 
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larvae respectively. However, S. asiaticum was proved the most effective for the control 

of P. brassieae and selected for inclusion in the IPM modules studies. Dead larvae were 

dissected to conform the presence of EPNs in the dead larva of the P. brassicae  

Table 9:  Analysis of variance of the data regarding the effectiveness of 
 various EPN for the control of P. brassicae at various post 
 treatment intervals  

S.O.V. Df MS F. 

Ratio  

MS F Ratio  MS F. Ratio  

24 hours 48 hours  72 hours  

Treatment  3 6.23 15.74** 12.73 40.73** 35.75 66.00** 

Error 12 0.40  0.31  0.54  

CV % 37.28  22.93   20.30  

P-value   P ≤ 0.01  P ≤ 0.01  P ≤ 0.01

 ** =  significant (p< 0.01) 
 

Table 9a:  Effectiveness of different EPNs against P. brassicae at various post 
 treatment intervals under laboratory conditions  

Name of EPN Dos Post treatment intervals (hours) 

24 48 72 

H.indica 200 2.75a 3.50a 3.75b 

S. pakistanense 200 1.50b 2.25b 3.00b 

S. asiaticum 200 2.50a 4.00a 7.50a 

Control -- 0.00c 0.00c 0.25c 

LSD  0.97 0.85 1.132 

SE  ±0.32 ±0.028 ±0.37 

Means sharing similar letters are not significantly different by DMR test at p = 0.05. 
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                                                Section IV 

Bio-intensive Management of Pieris brassicae on Cauliflower 

 The larval population of P. brassicae on a selected resistant genotype (Pari F1 H) 

and on a susceptible genotype (Cool Sun-70) of cauliflower was managed by the 

application of various treatments viz. Entomopathogenic nematode (T1), 

Entomopathogenic nematode + Trichogramma chilonis (T2), Entomopathogenic 

nematodes + spinosad 240 SC (T3), Entomopathogenic nematode + NNO 2.5% (T4), 

Trichogramma chilonis (T5), Trichogramma chilonis,+ Chrysoperla carnea (T6), 

Trichogramma chilonis + Spinosad (T7), Trichogramma chilonis + NNO 2.5% (T8), 

Trichogramma chilonis + Collection of Eggs (T9), NNO 2.5%  (T10), NNO 2.5% + 

Spinosad (T11), NNO 2.5% + Collection of larvae (T12), NNO 2.5% + Collection of 

Eggs (T13), Spinosad 240 SC (T14), Spinosad + Collection of Eggs (T15), Spinosad + 

Collection of larvae (T16), Spinosad + Sticky Rackets of yellow colour (T17) along with 

a control treatment (T18) for comparison under field conditions.  

 The results were also processed for statistical analysis based on various modules 

viz. M1 (T1 + T2 + T3 +T4), M2 (T5+ T6+ T7+ T8+ T9), M3 (T10 + T11+ T12 + T13), 

M4 (T14 + T15+ T16+ T17) and M5 as control (T18). Based on the interaction of various 

modules, cost benefit ratios were calculated to determine the best module for the 

recommendations to the farmers. The results are presented under the following sub-

headings: 

 Effect of Treatments on the Resistant Genotype of Cauliflower 

i) Treatment variation in terms of larval population 

The data regarding larval population of P. brassicae per plant in different bio-

intensive treatments are given in Appendix 6. The analysis of variance (Table 10) of the 

same revealed significant (p < 0.01) difference among dates of observation, treatments 

and in their interactions. 

It is evident from the results (Table 10a) that the application of spinosad + sticky 

rackets of yellow colour (T17), application of spinosad + collection of larvae (T 16) and 

application of spinosad + collection of eggs  (T15) each possessed 0.01 larva per plant 

and differed non-significantly with one an other as well as with those plots where 

spinosad was applied alone (T14) with 0.04 larva per plant,  application of NNO 2.5% + 

spinosad (T11) with 0.09 larva per plant and application of Entomopathogenic nematode 
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+ spinosad (T3) with 0.41 larva per plant;  proved to be the most effective for the control 

of P. brassica on resistant genotype of cauliflower.  

The application of Entomopathogenic nematode alone was found to be the least 

effective showing maximum larval population of P. brassicae i.e. 8.13 per plant (T1) and 

did not show significant difference with those plots where Trichogramma chilonis cards 

were released showing 7.83 larvae per plant (T5). Then application of NNO alone showed 

6.45 per plant larval population and did not show significant difference with those plots 

where Entomopathogenic nematode + NNO (T4) were applied resulting in 5.78 larvae per 

plant.  

The later mentioned treatment also showed non-significant difference with those 

plots where T. chilonis cards were released in combination with collection of eggs (T9) 

having 5.26 larvae per plant. The T9 also showed non-significant difference with those 

plots where T. chilonis + NNO (T8) were  applied and where Entomopathogenic 

nematode were applied in combination with the release of T. chilonis cards (T2)  resulting 

in 4.42 and 4.77 larvae per plant, respectively.  The release of T. chilonis cards in 

combination with larvae of Chrysoperla carnea (T6) showed 4.30 larvae per plant and 

differed non-significantly with the results obtained from T8. The application of NNO + 

collection of larvae (T12) and the application of NNO + collection of eggs (T13) differed 

significantly with each other and resulted in 1.16 and 2.46 larvae per plant, respectively. 

The treatments in their effectiveness towards ascending position was as follow: T17= 

T16= T15 > T14 > T11> T7 >T3 > T12 > T13 > T8 = T2 = T6 > T9 > T10 > T4 > T1 = 

T5 > T18. 

ii)  Treatment variation in term of percent reduction in larval population of the   
    pest over control treatment 
 

The results regarding percent reduction in population of P. brassicae per plant on 

selected resistant genotypes of cauliflower (Pari F1 H) in different treatments over control 

is presented in Fig. (8). It is evident from the results that percent reduction in population 

density of the pest was recorded 99.99 each in T15, T16 and T17. These treatments were 

found as the most effective and followed by T11, T7 and T3 with 99.45, 99.00 and 97.51 

percent reduction, respectively.   

In these treatments  spinosad was  integrated with sticky rackets of yellow colour, 

collection of larvae, collection of eggs, application of NNO, release of T. chilonis and  

application of Entomopathogenic Nematode (EPNs) and found very much compatible. 

The application of Entomopathogenic alone (T1) showed the minimum percent reduction 
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of larval population of P. brassicae i.e. 50.75%. The release of T. chilonis cards alone 

(T5) was also found at par with T1.  

The application of NNO + collection of larvae (T12), NNO + collection of eggs 

(T13) and application of spinosad alone (T14) also showed significant  control of the pest 

showing 92.97, 85.03 and 88.75% reduction over control in the pest density, respectively. 

The application of NNO alone (T10) controlled the pest up to 60.93%; and all other 

treatments were found intermediate in their effectiveness against the pest. 

Table 10:  Analysis of Variance of the Data regarding per Plant Population of  Pieris   
  brassicae on Resistant Genotype of Cauliflower (Pari F1 H) in Various   
  Treatments  
S.O.V. D.F. S.S. M.S F-value p-value 

Replication 2 31.77 15.883 4.73    0.127 

Dates of Observation (D) 11 12540.26 1140.023 339.28 ** 0.00 

Treatments (T) 17 11391.80 670.106 199.43 ** 0.00 

D X T 187 16822.20 89.958 26.44 ** 0.00 

Error 430 1444.87 3.360   

(CV = 48.73)                            ** = Signficant at p<0.01 

 
Table 10a:  Means Comparison of the Data regarding per Plant Population of  Pieris 

 brassicae on Resistant Genotype of Cauliflower (Pari F1 H) in Various 
 Treatments 

Sr. 
# 

Name of Treatments Dose/Method Means

T1 Entomopathogenic 

nematodes (EPNs) 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

8.13 b 

T2 Entomopathogenic 

nematode + 

Trichogramma chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application. 

4.77 ef 

T3 Entomopathogenic 

nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 

0.41 hi 

T4 Entomopathogenic 

nematode + N NO 2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

spray of NNO at the rate of 6.17 lit/ha  twice 

5.78 
cd 
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on 10.10.2009 and 26.10.2009 

T5 Trichogramma chilonis installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 applications. 

7.83 b 

T6 Trichogramma chilonis 

+ Chrysoperla carnea 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and release of C, carnea at 

the rate of one 2nd instars’ larvae per plant from 

2.10.2009 to 30.10.2009 having 8 releases. 

4.30 f 

T7 Trichogramma chilonis 

+ spinosad 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of spinosad at 

the rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0.06 i 

T8 Trichogramma chilonis 

+ NNO 2.5% 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of NNO at the 

rate of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009. 

4.42 ef 

T9 Trichogramma chilonis 

+ Collection of Eggs 

Installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and collection of eggs 

from 2.10.2009 to 30.10.2009 having 8 

collections. 

5.26 
de 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 

6.45 c 

T11 NNO 2.5%  + Spinosad Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and spray of 

spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0.09 i 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and collection 

of larvae from 6.10.2009 to 26.10.2009 having 

1.16 h 
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6 collections. 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and collection 

of eggs from 2.10.2009 to 30.10.2009 having 8 

collections. 

2.46 g 

T14 spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.04 i 

T15 spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.01 i 

T16 spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.01 i 

T17 spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow colour at 

the rate of one racket per plot 

0.01 i 

T18 Control - 16.51 
a 

 LSD at 5%  0.85 

 SE  + 0.305

Means sharing similar letters are not significantly different by DMR Test at p = 0.05 
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 Effects of Treatments on Susceptible Genotypes of Cauliflower 

i) Treatment variation in terms of larval population 

 The data regarding per plant larval population of P. brassicae on susceptible 

genotype of cauliflower (Cool Sun-70) in different treatments are given in Appendix 7. 

The analysis of variance of the same (Table 9) revealed significant difference (p < 0.01) 

among dates of observation, treatments and  their combinations. It is evident from the 

results that application of spinosad in combination of collection of eggs (T15), collection 

of larvae (T16) and sticky rackets of yellow color (T17) resulted in zero larvae in each 

and showed non-significant difference with those of where NNO was sprayed in 

combination with collection of larvae (T12), application of spinosad alone (T14),  

application of NNO + spinosad (T11) and release of T. chilonis in combination with spray 

of spinosad (T7) showing 0.09, 0.39, 0.59 and 0.54 larvae per plant, respectively.  

 Significant control was observed in all the treatments as against control treatments 

(T18) showing 27.01 larvae per plant followed by the application of entomopathogenic 

nematodes (T1) with 17.03 larvae per plant and differed significantly from those of 

recorded in all other treatments. Similarly, the larval population was recorded 14.11, 

10.86, 9.41 and 5.57 larvae per plant in those plots where the application of NNO (T10), 

entomopathogenic nematodes + release of T. chilonis (T2), entomopathogenic nematodes 

+ NNO (T4) and release of T. chilonis + collection of eggs (T9) were done, respectively 

and these treatments differed significantly with one another as well as from all the other 

treatments. Non-significant difference was found to exist in between T8 (release of T. 

chilonis + application of NNO) and T5 (release of T. chilonis alone) with 13.06 and 12.51 

larvae per plant, respectively.  

 The release of T. chilonis and C. carnea in combination (T6) resulted in 6.65 

larvae per plant and differed significantly from all the other treatments. The application of 

NNO in combination with collection of eggs (T13) showing 2.16 larvae per plant and 

differed non-significantly from those of where entomopathogenic nematodes and 

spinosad in combination was sprayed (T3) with 1.20 larvae per plant. In brief, the ranking 

order of the treatments based on their effectiveness were as follow: T17 = T16 = T15 > 

T12 > T14 > T7 > T11 > T3 > T13 > T9 > T6 > T4 > T2 > T5 > T8 >T10 >T1. 
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Table 11:  Analysis of Variance of the Data regarding per Plant Population of 
 Pieris brassicae on Susceptible Genotype of Cauliflower (Cool sun-70)     

                              in various Treatments  
S.O.V. Df S.S. M.S F. Value p-value 

Replication 2 5.12 2.559 0.56NS 0.572 

Dates of Observation (D) 11 44135.48 4012.316 882.69 ** 0.000 

Treatments (T) 17 36661.35 2156.550 474.43 ** 0.000 

D X T 187 60646.87 324.315 71.35 ** 0.000 

Error 430 1954.60 4.546   

(CV = 31.67)                      NS = Non-significnat                         ** = Significant at p<0.01 
 

Table 11a:  Means Comparison of the Data regarding per Plant Population of           
                             Pieris  brassicae on Susceptible Genotype of Cauliflower (Cool sun-70)   
                       in  Variou Treatments 

Sr. 

# 

Name of Treatments Dose/Method Means

T1 Entomopathogenic 

nematode (EPNs) 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

17.03 

b 

T2 Entomopathogenic 

nematode + 

Trichogramma chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

installation of T. chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application. 

10.86 

e 

T3 Entomopathogenic 

nematode + spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 

1.20 ij 

T4 Entomopathogenic 

nematode + N NO 2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 and 

spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 

9.41 f 

T5 Trichogramma chilonis Installation of T. chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 applications. 

12.51 

d 

T6 Trichogramma chilonis installation of T. chilonis cards at the rate of 6.65 g 
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+ Chrysoperla carnea one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and release of C, carnea at 

the rate of one 2nd instars’ larvae per plant from 

2.10.2009 to 30.10.2009 having 8 releases. 

T7 Trichogramma chilonis 

+ spinosad 

installation of T. chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of spinosad at 

the rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0.54 jk 

T8 Trichogramma chilonis 

+ NNO 2.5% 

Installation of T. chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of NNO at the 

rate of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009. 

13.06 

d 

T9 Trichogramma chilonis 

+ Collection of Eggs 

Installation of T. chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and collection of eggs 

from 2.10.2009 to 30.10.2009 having 8 

collections. 

5.57 h 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 

14.11 

c 

T11 NNO 2.5%  + spinosad Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and spray of 

spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0.59 jk 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha twice on 

10.10.2009 and 26.10.2009 and collection of 

larvae from 6.10.2009 to 26.10.2009 having 6 

collections. 

0.09 k 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha twice on 

10.10.2009 and 26.10.2009 and collection of 

eggs from 2.10.2009 to 30.10.2009 having 8 

collections. 

2.16 i 
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T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.39 jk 

T15 Spinosad 240 SC + 

Collection of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.00 k 

T16 Spinosad 240 SC + 

Collection of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.00 k 

T17 Spinosad 240 SC + 

Sticky Rackets of 

Yellow Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow colour at 

the rate of one racket per plot 

0.00 k 

T18 Control - 27.01 

LSD at 5% 0.98 

SE + 0.355

Means sharing similar letters are not significantly different by DMR test at p= 0.05 
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ii) Treatment variation in terms of percent reduction in larval population of the      
 pest over control treatment 
 
 The results relating to percent reduction  per plant population of P. brassicae on 

selected susceptible genotypes of cauliflower in different treatments over control are 

presented in Fig.10. It is evident from the results that T17, T16 and T15 resulted in 100 

percent reduction in larval population per plant followed by T12, T14, T7, T11 and T3 

with 99.67, 98.55, 98.00, 97.81 and 95.55% reduction, respectively.  

 The percent reduction in larval population of P. brassicae was recorded to be 

92.00% in T13 and it also proved as effective. T9, T6, T4, T2, T5 and T8 showed 79.38, 

75.37, 65.16, 59.79, 53.68 and 51.64% reduction in larval population of the pest, 

respectively and were found to be intermediate. The minimum reduction in larval 

population of the pest was recorded to be 36.94 in T1; whereas in T10 the larval reduction 

was recorded as 47.76%. From these results, it was concluded that T17, T16, T15, T12, 

T14, T7, T11, T3 and T13 were the most effective, which resulted in maximum reduction 

in pest population; whereas T1 and T10 were found to be the least effective resulted in 

minimum control of the pest. 

 

 

 

 

 

 

 

 

 

 

Fig 10: Percent Reduction in per Plant Population of Pieris brassicae on  
 selected Susceptible Genotype of Cauliflower (Cool sun-70) in   
 different Treatments over Control 
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Population of P. brassicae in Different Modules 

The analysis of variance (Appendix 6 and 7) regarding population of P. brassicae 

per plant in various modules on selected resistant and susceptible genotypes of 

cauliflower is given in table 10. It is evident from the results that difference between 

genotypes among modules and in their interactions was significant (p < 0.01). The means 

were compared by DMR Test at p=0.05 (Table 12a). On an average of resistant and 

susceptible genotypes, Module 4 (T14 + T15 + T16 + T17) resulted in maximum control 

of the pest showing minimum larval population i.e., 0.07 per plant and differed 

significantly from all other modules. 

Module 1 (T1 + T2 + T3 +T4) was found to be the least effective showing 

maximum larval population of the pest i.e., 7.20 per plant and also differed significantly 

from all other modules. The larval population of the pest i.e. 6.02 and 3.39 per plant in 

module 2 and module 3, respectively differed significantly with each other as well as 

from those of recorded on other modules and were found as intermediate in their 

effectiveness.   

Based on genotype and modules interaction it is evident from the table (12a) that 

in module (4), the susceptible genotype showed significantly higher level of population 

(0.10 per plant) as compared to resistant genotype (0.06 per plant) and this module was 

found to be the most effective. Furthermore, in all the modules, the susceptible genotype 

showed higher larval population of the pest as compared to resistant genotype.  

In general, a significant control was recorded in all the modules as against control 

treatment. On average, it was observed that susceptible genotype was with higher 

population of P. brassicae i.e., 9.68 per plant as compared to resistant genotype i.e., 5.65 

per plant. 

The application of Trichogramma integrated with other control methods as 

modules 02 (T5, T6, T7, T8, T9) showed significantly higher population of P. brassicae 

(6.02/plant) as compared to the application of NNO alone and integrated with other 

control methods as module 03 (T10, T11, T12, T13) with 3.39/plant population of P. 

brassicae. 
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Table 12:  Analysis of Variance regarding Population of P.   
 brassicae/ Plant in various Modules on Selected Resistant and   
 Susceptible Genotypes of Cauliflower  

S.O.V. Df S.S. M.S F. Value p-value 

Replication 2 1.97 0.984 1.47NS       0.256 

Genotypes (G) 1 122.25 122.250 183.18 **       0.000 

Modules (M) 4 1648.00 411.999 617.33 ** 0.000 

G × M 4 92.71 23.176 34.73 **       0.000 

Error 18 12.01 0.667   

(CV=10.65)                NS = Non-siginificant.                     ** = Signficant at p<0.01 
 

Table 12a:  Means Comparison of the Data regarding Population of Pieris                   
                      brassicae  per  Plant in Various Modules on Selected Resistant   
                      and   Susceptible Genotypes of Cauliflower 
Module 
# 

Treatments Interaction between Resistant and 
Susceptible Genotypes (LSD at 
5%=1.400) 

Average (LSD 
at 5%=0.990) 

M1 T1+T2+T3+T4 4.77 e 9.62 c 7.20 b 

M2 T5+T6+T7+T8+T9 4.37 e 7.67 d 6.02 c 

M3 T10+T11+T12+T13 2.54 f 4.24 e 3.39 d 

M4 T14+T15+T16+T17 0.06 e 0.10 g 0.07 e 

M5 Control (T18) 16.513 b 26.81 a 21.662 a 

Average  5.65 9.68  

Means sharing similar letter in column and rows regarding interaction between genotypes and in column 
regarding average are not significantly different by DMR Test. 
 
 Yield (Kg/ Plot) of Cauliflower in Various Treatments 

 The data regarding yield (Kg/plot) in genotypes of cauliflower and in various 

treatments is presented in Appendix 8. The analysis of variance of the same is given in 

table 11 and revealed significant difference (p<0.01) was exist between genotypes, 

among treatments and in their interaction. The means were compared by DMR Test at 

p=0.05 (Table 13a). It is evident from the results that on an average basis of genotype, the 

maximum yield was recorded as 246.645kg/ plot in those plots where spinosad was 

sprayed in combination with collection of larvae (T16) and differ non-significantly from 

those of (T15) where spinosad was applied in combination with collection of eggs 

(245.010 kg/plot).   

 The spray of spinosad in interaction with sticky rackets of yellow color showed 

243.974 kg/ha yield of cauliflower and showed non-significant difference with T15. The 

minimum yield was recorded as 143.068 kg/plot in those plots where entomopathogenic 
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nematodes (T1) were applied and differ non-significantly from those plots where 

entomopathogenic nematodes were applied with integration of NNO showing 143.640 

kg/plot. The release of T. chilonis + NNO (T8), release of T. chilonis + collection of eggs 

(T9), application of entomopathogenic nematodes + release of T. chilonos (T2), release of 

T. chilonis integrated with C. carnea (T6) and release of T. chilonis alone (T5) resulted in 

202.528, 198.522, 160.444, 158.317 and 153.760 kg/plot yield, respectively and differed 

significantly with one another as well as from all other treatments.  

 Non-significant difference  was exist between T10 (application of NNO) and T14 

(application of spinosad alone) and these treatments also showed non-significant variation 

with T12 (application of NNO + collection of larvae) and T3 (application of 

entomopathogenic nematodes + spinosad showing  yield of 240.552 and 238.401 kg/plot, 

respectively. The yield obtained from T12 also showed non-significant difference with 

T11 (application of NNO + spinosad) showing 242.436 kg/plot. The application of NNO 

in combination with collection of eggs gave 207.640 kg/plot yield cauliflower genotypes 

and differed significantly from those of recorded in all other treatments. 

  From these results, it was concluded that the application of spinosad integrated 

with collection of larvae resulted in maximum yield and proved to be the best treatment 

and was at par statistically with those of where spinosad integrated with collection of 

eggs. The application of entomopathogenic nematodes showed minimum yield of 

cauliflower and proved to be the least effective and was at par statistically with those of 

where entomopathogenic nematodes was applied in integration with the application of 

NNO. Based on international response between genotypes, it is evident from the results 

(Table 13a) that  the application of spinosad + collection of larvae (T16) resulted in 

maximum yield in resistant genotype i.e. 254.623 kg/plot followed by spnosad + 

collection of eggs (T15) and application of spinosad + sticky rackets of yellow colour 

(T17) showing  254.587 and 154.160 kg/plot, respectively.  

 The results of same treatments compared with susceptible genotype, significantly 

low yield was recorded i.e. 238.666 (T16, 235.433 (T15) and 233.789 kg/plot (T17). In 

general the application of all the treatments resulted in significantly higher yield in 

resistant genotype as compared to susceptible genotype. 
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Table 13:  Analysis of Variance of the Data regarding Yield (kg/plot) on   
  Susceptible (Cool Sun-70) and Resistant (Pari F1 H) Genotypes of  
  Cauliflower in Various Treatments  
S.O.V. Df S.S. M.S. F. Value p-value 

Replication 2 0.74 0.370 0.13NS 0.878 

Genotypes 1 3065.60 3065.604 1088.52 ** 0.000 

Treatments 17 232819.16 13695.244 4862.83 ** 0.000 

G × T 17 953.78 56.104 19.92 ** 0.000 

Error 70 197.14 2.816   

(CV = 0.83)                              NS = Non-Signficiant.                   ** = Signficant at p<0.01 

 
Table 13a:  Means Comparison of the Data regarding Yield (kg/plot) on   
            Resistant (Pari F1 H) and Susceptible (Cool Sun-70) Genotypes of  
            Cauliflower in Various Treatments 
Sr. 
# 

Name of Treatments Dose/Method Interaction Between 
Genotypes (LSD at 5%= 
2.73) 

Means 
(LSD at 
5% = 
1.93) 

Resistant 
(Pari F1 H) 

Susceptible 
(Cool Sun-70) 

T1 Entomopathogenic 
nematode 

3 × 106 Manifold/sq.m 
at the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 

149.576 s 136.960 u 143.068 
n 

T2 Entomopathogenic 
nematode + 
Trichogramma 
chilonis 

3 × 106 Manifold/sq.m 
at the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 and 
installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
application. 

161.696 r 159.193 r 160.444 
k 

T3 Entomopathogenic 
nematode + 
spinosad 240 SC 

3 × 106 Manifold/sq.m 
at the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 and spray 
of spinosad at the rate 
of 125 ml/ha twice on 
10.10.2009 and 
26.10.2009 

240.689 
cde 

236.113 ghi 238.401 
f 

T4 Entomopathogenic 
nematode + N NO 
2.5% 

3 × 106 Manifold/sq.m 
at the rate of 1482 
gm/ha twice on 

149.715 s 137.564 u 143.640 
n 
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10.10.2009 and 
26.10.2009 and spray 
of NNO at the rate of 
6.17 lit/ha  twice on 
10.10.2009 and 
26.10.2009 

T5 Trichogramma 
chilonis 

installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
applications. 

161.271 r 146.249 t 153.760 
m 

T6 Trichogramma 
chilonis + 
Chrysoperla carnea 

installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
application and 
release of C. carnea at 
the rate of one 2nd 
instars’ larvae per 
plant from 2.10.2009 
to 30.10.2009 having 
8 releases. 

167.122 q 149.512 s 158.317 
l 

T7 Trichogramma 
chilonis + spinosad 

installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
application and spray 
of spinosad at the rate 
of 125 ml/ha twice on 
10.10.2009 and 
26.10.2009 

234.943 
hi 

229.642 k 232.293 
g 

T8 Trichogramma 
chilonis + NNO 
2.5% 

Installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
application and spray 
of NNO at the rate of 
6.17 lit/ha  twice on 
10.10.2009 and 
26.10.2009. 

206.656 
m 

198.400 o 202.528 
i 

T9 Trichogramma 
chilonis + 
Collection of Eggs 

Installation of T. 
Chilonis cards at the 
rate of one card per 
plot from 2.10.2009 to 
30.10.2009 having 8 
application and 

202.435 n 194.609 p 198.522 
j 
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collection of eggs 
from 2.10.2009 to 
30.10.2009 having 8 
collections. 

T10 NNO 2.5% Spray of NNO at the 
rate of 6.17 lit/ha  
twice on 10.10.2009 
and 26.10.2009 

242.116 
cd 

237.387 fgh 239.751 
ef 

T11 NNO 2.5%  + 
Spinosad 

Spray of NNO at the 
rate of 6.17 lit/ha  
twice on 10.10.2009 
and 26.10.2009 and 
spray of spinosad at 
the rate of 125 ml/ha 
twice on 10.10.2009 
and 26.10.2009 

243.523 
bc 

241.350 cde 242.436 
cd 

T12 NNO 2.5%  + 
Collection of 
Larvae 

Spray of NNO at the 
rate of 6.17 lit/ha  
twice on 10.10.2009 
and 26.10.2009 and 
collection of larvae 
from 6.10.2009 to 
26.10.2009 having 6 
collections. 

241.514 
cde 

239.590 def 240.552 
de 

T13 NNO 2.5%  + 
Collection of Eggs 

Spray of NNO at the 
rate of 6.17 lit/ha  
twice on 10.10.2009 
and 26.10.2009 and 
collection of eggs 
from 2.10.2009 to 
30.10.2009 having 8 
collections. 

213.436 l 201.845 n 207.640 
h 

T14 Spinosad 240 SC Spray of spinosad at 
the rate of 125 ml/ha 
twice on 10.10.2009 
and 26.10.2009 

245.869 b 231.820 jk 238.844 
ef 

T15 Spinosad + 
Collection of Eggs 

Spray of spinosad at 
the rate of 125 ml/ha 
twice on 10.10.2009 
and 26.10.2009 and 
collection of eggs 
from 2.10.2009 to 
30.10.2009 having 8 
collections. 

254.587 a 235.433 hi 245.010 
ab 

T16 Spinosad + 
Collection of 
Larvae 

Spray of spinosad at 
the rate of 125 ml/ha 
twice on 10.10.2009 
and 26.10.2009 and 
collection of larvae 
from 6.10.2009 to 

254.623 a 238.666 efg 246.645 
a 
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26.10.2009 having 6 
collections. 

T17 Spinosad + Sticky 
Rackets of Yellow 
Colour 

Spray of spinosad at 
the rate of 125 ml/ha 
twice on 10.10.2009 
and 26.10.2009 and 
installation of sticky 
rackets of yellow 
colour at the rate of 
one racket per plot 

254.160 a 233.789 ij 243.974 
bc 

T18 Control - 99.474 v 83.887 w 91.680  
Means sharing similar letter are not signficnatly different by DMR test.  
 Cost Benefit Ratio 

Cost benefit ratio (CBR) was calculated for each treatment and module and results 

presented in Table 14 & Appendix 9. The maximum CBR was calculated as 74.12 and 

70.34 in resistant and susceptible genotypes, respectively obtained from those plots where 

spinosad was sprayed. Treatment of spinosad was most economical, followed by the 

application of NNO alone with 52.24 and 52.92 CBR for resistant and susceptible 

genotypes, respectively. The minimum CBR was recorded in those plots where 

Trichogramma chilonis was released in combination with Chrysoperla carnea showing 

1.81 and 1.51 CBR, respectively. 

All the other treatments were found to be intermediate. The CBR in different 

modules reveal that module 4 (application of  spinosad, application of spinosad + 

collection of eggs, application of spinosad + collection of larvae, and application of 

spinosad + sticky rackets of yellow color) resulted in maximum CBR i.e. 41.53 and 38.76 

in resistant and susceptible genotype of cauliflower, respectively. From these results, it is 

concluded that module 4 is the best economical and easy to apply. 

 



 
 

82

Table 14:  Cost Benefit Ratio (CBR) in different Treatments and in their   
 Respective Modules  for Resistant and Susceptible Genotypes of  
 Cauliflower 
Sr.  
No. 

Name of 
Treatments 

Method/Dose CBRs Modules CBRs 

Resistant 
Genotype 

Susceptible 
Genotype 

Resistant 
Genotype 

Susceptible 
Genotype 

T1 Entomopathogenic 

nematode 

3 × 106 

Manifold/sq.m at 

the rate of 1482 

gm/ha twice on 

10.10.2009 and 

26.10.2009 

32.26 28.38 M1 23.61 22.63 

T2 Entomopathogenic 
nematode + 
Trichogramma 
chilonis 

3 × 106 

Manifold/sq.m at 
the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 and 
installation of T. 
Chilonis cards at 
the rate of one 
card per plot from 
2.10.2009 to 
30.10.2009 
having 8 
application. 

8.63 9.24 

T3 Entomopathogenic 
nematode + 
Spinosad 240 SC 

3 × 106 

Manifold/sq.m at 
the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 and 
spray of spinosad 
at the rate of 125 
ml/ha twice on 
10.10.2009 and 
26.10.2009 

40.02 40.59 

T4 Entomopathogenic 
nematode + N NO 
2.5% 

3 × 106 

Manifold/sq.m at 
the rate of 1482 
gm/ha twice on 
10.10.2009 and 
26.10.2009 and 
spray of NNO at 
the rate of 6.17 
lit/ha  twice on 
10.10.2009 and 
26.10.2009 

13.55 12.32 

T5 Trichogramma 
chilonis 

installation of T. 
Chilonis cards at 
the rate of one 
card per plot from 
2.10.2009 to 
30.10.2009 
having 8 
applications. 

18.41 15.89 M2 15.42 14.81 

T6 Trichogramma 

chilonis + 

Chrysoperla 

carnea 

installation of T. 

Chilonis cards at 

the rate of one 

card per plot from 

2.10.2009 to 

30.10.2009 

having 8 

1.81 1.51 
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application and 

release of C. 

carnea at the rate 

of one 2nd instars’ 

larvae per plant 

from 2.10.2009 to 

30.10.2009 

having 8 releases. 

T7 Trichogramma 

chilonis + 

Spinosad 

installation of T. 

Chilonis cards at 

the rate of one 

card per plot from 

2.10.2009 to 

30.10.2009 

having 8 

application and 

spray of spinosad 

at the rate of 125 

ml/ha twice on 

10.10.2009 and 

26.10.2009 

25.41 25.64 

T8 Trichogramma 

chilonis + NNO 

2.5% 

installation of T. 

Chilonis cards at 

the rate of one 

card per plot from 

2.10.2009 to 

30.10.2009 

having 8 

application and 

spray of NNO at 

the rate of 6.17 

lit/ha  twice on 

10.10.2009 and 

26.10.2009. 

17.60 17.33 

T9 Trichogramma 

chilonis + 

Collection of Eggs 

Installation of T. 

Chilonis cards at 

the rate of one 

card per plot from 

2.10.2009 to 

30.10.2009 

having 8 

application and 

collection of eggs 

from 2.10.2009 to 

30.10.2009 

having 8 

collections. 

13.87 13.70 

T10 NNO 2.5% Spray of NNO at 

the rate of 6.17 

lit/ha  twice on 

52.24 52.92 M3 30.13 30.52 
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10.10.2009 and 

26.10.2009 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at 

the rate of 6.17 

lit/ha  twice on 

10.10.2009 and 

26.10.2009 and 

spray of spinosad 

at the rate of 125 

ml/ha twice on 

10.10.2009 and 

26.10.2009 

30.61 31.55 

T12 NNO 2.5%  + 

Collection of 

Larvae 

Spray of NNO at 

the rate of 6.17 

lit/ha  twice on 

10.10.2009 and 

26.10.2009 and 

collection of 

larvae from 

6.10.2009 to 

26.10.2009 

having 6 

collections. 

20.90 21.59 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at 

the rate of 6.17 

lit/ha  twice on 

10.10.2009 and 

26.10.2009 and 

collection of eggs 

from 2.10.2009 to 

30.10.2009 

having 8 

collections. 

16.77 16.03 

T14 Spinosad 240 SC Spray of spinosad 

at the rate of 125 

ml/ha twice on 

10.10.2009 and 

26.10.2009 

74.12 70.34 M4 41.53 38.76 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad 

at the rate of 25 

ml/ha twice on 

10.10.2009 and 

26.10.2009 and 

collection of eggs 

from 2.10.2009 to 

30.10.2009 

having 8 

collections. 

25.68 23.60 
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T16 Spinosad + 

Collection of 

Larvae 

Spray of spinosad 

at the rate of 125 

ml/ha twice on 

10.10.2009 and 

26.10.2009 and 

collection of 

larvae from 

6.10.2009 to 

26.10.2009 

having 6 

collections. 

25.68 24.13 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad 

at the rate of 125 

ml/ha twice on 

10.10.2009 and 

26.10.2009 and 

installation of 

sticky rackets of 

yellow colour at 

the rate of one 

racket per plot 

40.64 37.00 
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                                            DISCUSSION 

 Four modules viz. M1 (entomopathogenic nematodes, entomopathogenic 

nematode + application of T. chilonis, entomopathogenic nematodes + spinosad and 

entomopathogenic nematodes + NNO), M2 (release of T. chilonis, release of T. chilonis + 

C. carnea, release of T. chilonis + spray of spinosad, release of T. chilonis + spray of 

NNO and release of T. chilonis + collection of eggs), M3 (spray of NNO, spray of NNO + 

spinosad, spray of NNO + collection of larvae and spray of NNO + collection of eggs) 

and M4 (spray of spinosad, spray of spinosad + collection of eggs, spray of spinosad + 

collection of larvae and spray of spinosad + installation of sticky rackets of yellow 

colour) were study for the management of P. brasicae on a selected resistant genotype 

and on a susceptible genotype of cauliflower under field conditions.  

 The observation regarding per plant population of P. brassicae, percent reduction 

in population of the pest in each treatment and module for both genotypes of cauliflower 

i.e. resistant and susceptible were recorded. Cost benefit ratio was calculated for each 

treatment and module from the yield data. The results revealed significant difference 

among dates of observation, treatments and in their interactions regarding per plant 

population of P. brassicae both in resistant (Pari F1 H) and susceptible (Cool Sun-70) 

genotypes of cauliflower. The spray of spinosad  alone (T14), spinosad sprayed in 

combination with collection of eggs (T15), spinosad integrated with collection of larvae 

(T16) and spinosad integrated with sticky rackets of yellow colour (T17) resulted in 

maximum control of the pest both in resistant and susceptible genotypes of cauliflower.  

The present findings can not be compared with those of Devjani and Singh (2001) 

who studied the efficacy of malathion, phosalone, dichlorvos and fenvalerate against the 

insect pests of cauliflower. The application of entomopathogenic nematodes alone 

showed maximum population of the pest in resistant genotype as well as in susceptible 

genotype. 

 On attractional basis the results showed significantly difference among modules 

regarding Pieris brassicae per plant in resistant and susceptible cultivars. The use of 

EPNs in combination with other control methods (M1) did not show significant difference 

with M2 in resistant genotypes as well as in M3 in susceptible genotypes. M2 is more 

effective as compared to M3 in susceptible genotypes. The use of Bio-Control agents in 

M2 in conjunction with other control measures was less effective as of M3 where NNO 

was used as major control measure in conjunction with the others.  
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 In the present review the most of the workers tested efficacy of EPNs, use of bio-

agents and application of neem products to test the effectiveness against Pieris brassicae 

on cauliflower individually not in their interaction. Therefore, the present findings cannot 

be compared with the work of previous scientists further more the IPM studies conducted 

by  Devljani and Singh(2001), Metspalu et al.(2003), Tamis and Serbia (2007), Halimie 

et al. (1992) ,Walter (1999), Pineda et al. (2009), Hassan and  Ansaari (2010), Sharma 

and Gupta (2009), and Singh et al. (1987),wsho tested the effectiveness of various control 

methods. In different combination for the management of Pieris brassicae and other pests 

on cauliflower. Other than those studied in the present dissertation. 

 Maximum reduction in pest population was recorded in the application of 

spinosad integrated with sticky racket of yellow colour, application of spinosad integrated 

with collection of larvae, spray of spinosad integrated with collection of eggs, spray of 

neem nut oil integrated with spray of spinosad, release of T. chilonis integrated with spray 

of spinosad and application of entomopathogenic nematodes integrated with spray of 

spinosad in resistant genotype. Whereas in susceptible genotype, spray of spinosad 

integrated with sticky rackets of yellow colour, spray of spinosad integrated with 

collection of larvae, spray of spinosad in combination with collection of eggs, spray of 

spinosad alone,  application of neem nut oil integrated with collection of larvae, 

application of neem nut oil integrated with spray of spinosad, release of T. chilonis 

integrated with spray of spinosad and application of entomopathogenic nematode 

integrated with spray of spinosad resulted in maximum reduction of the pest.  

The present findings cannot be compared with Huang and Enkegaard (2009) who 

studied the predation capacity and prey preference of C. carnea on P. brassicae and 

reported that the 3rd instar C. carnea has a potential of bio-control agent. The present 

findings cannot be compared with Zafar et al. (2002), Wawrzyniak (2004) and 

Lalramliana and Yadav (2009) due to differences in their materials and methods as well 

as variation in ecological conditions. The population of P. brassicae per plant differed 

significantly among various modules, between genotypes and in their interactions.  

 The module 4 (spray of spinosad + spray of spinosad integrated with collection of 

eggs + spray of spinosad integrated with collection of larvae + spray of spinosad 

integrated with sticky rackets of yellow colour ) resulted in minimum population of P. 

brassicae whereas M1 (application of entomopathogenic, application of 

entomopathogenic nematode integrated with T. Chilonis, application of 

entomopathogenic nematode integrated with spray of spinosad and application of 
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entomopathogenic nematode integrated with spray of neem nut oil) showed maximum 

population. All the modules however, showed significant control of the pest as against 

control treatment; however, present findings were contradictory to Metspulu et al. (2003) 

and Halimie et al. (1992).  

 The present findings were not conformity with Bobreshova (2004) who used 

entomophagous nematodes as biological control agent singly and in combination with 

Bacillus thuringiensis compared with deltamethrin and reported that entomophagous 

nematode (Steninernema carpocapsae) in combination with B. thuringiensis gave the best 

control of  P. rapae but in the present study, the application of entomopathogenic 

nematodes applied singly did not show good results. Furthermore, in present study the 

spray of spinosad alone controlled the pest maximum and these findings are in conformity 

with those Tamis and Servia (2007) who reported that spinosad was effective in reducing 

mortality and reducing late damage by all larval instars of butterfly. In the present study, 

the application of neem nut oil did not show good results when applied singly but it 

showed good results while integrated with spinosad, collection of eggs and collection of 

larvae. The present findings can not be compared with those of Grisakova et al. (2006) 

who studied the effect of neem EC 1% azadirachtin) on duration of the larval stage, 

mortality of larvae and pupae, and weight of pupae of P. brassicae; and reported that 

neem EC had both toxic and anti-feedant deterrent effects but also acted as a growth 

regulated form P. brasicae larvae. 

 The maximum yield was recorded as 246.645kg/plot in those Plots where 

spinosad spray was integrated with collection of larvae followed by spinosad + collection 

of eggs. The application of entomopathogenic nematode resulted in minimum yield of 

cauliflower (143.068 kg/plot). The present findings are not according to finding of Mohan 

et al. (2003) who reported 100% mortality of the larvae by applying foliar application of 

Photorhabdus luminescens, symbiotic bacteria  from entomopathogenic nematode, 

Heterorhabditis indica but in the present study entomopathogenic nematode applied alone 

did not showed good mortality of the pest. The maximum CBR was recorded as 41.53 

and 38.76 in module 4 whereas, minimum i.e. 15.42 and 14.81 was observed in module 2.  

 The CBR value was recorded as 15.42 and 14.81 in resistant and susceptible 

genotypes respectively where biocontrol agent was applied alone and integrated with 

other control methods. The CBR was found to be 30.13 and 30.52 in resistant and 

susceptible genotypes of cauliflower, respectively where NNO (botanical) was applied 

singly and integrated with other control methods. 
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 The higher cost for the application of biological agents resulted in minimum CBR 

as compared to botanical control modules. The present findings cannot be compared with 

those of the scientists mentioned in the chapter “Review of Literature” because none of 

them was applied the treatments in the modules formation as those of studied in the 

present investigation.     

 



 
 

90

SUMMARY 
 The study was conducted on integrated pest management of P. brassicae on 

cauliflower by developing various modules. Each module was consisted of various 

treatments. There were four modules viz. M1 ( entomopathogenic nematodes, 

entomopathogenic nematodes + application of T. chilonis, entomopathogenic nematodes 

+ spinosad and entomopathogenic nematodes + NNO), M2 (release of T. chilonis, release 

of T. chilonis + C. carnea, release of T. chilonis + spray of spinosad, release of T. chilonis 

+ spray of NNO and release of T. chilonis + collection of eggs), M3 (spray of NNO, spray 

of NNO + spinosad, application of NNO + collection of larvae and application of NNO + 

collection of eggs) and M4 (spray of spinosad, spray of spinosad + collection of eggs, 

spray of spinosad + collection of larvae and spray of spinosad + installation of sticky 

rackets of yellow colour). The observation regarding per plant population of P. brassicae, 

percent reduction in population of the pest in each treatment and module for both 

genotypes of cauliflower i.e. resistant and susceptible were recorded. Cost benefit ratio 

was calculated for each treatment and module from the yield data. Significant difference 

was found among dates of observation, treatments and in their interactions regarding per 

plant population of P. brassicae both in resistant (Pari F1 H) and susceptible (Cool Son-

70) genotypes of cauliflower. The spray of spinosad  alone (T14), spinosad in 

combination with collection of eggs (T15), spinosad integrated with collection of larvae 

(T16) and spinosad integrated with sticky rackets of yellow color (T17) resulted in 

maximum control of the pest both in resistant and susceptible genotypes of cauliflower. 

The application of entomopathogenic nematodes alone showed maximum population of 

the pest in resistant genotype as well as in susceptible genotype. Maximum reduction in 

pest population was recorded in T17, T16, T15, T11, T7 and T3 in resistant genotype 

where as in susceptible genotype T17, T16, T15, T14, T12, T11, T7 and T3 resulted in 

maximum reduction of the pest. The population of P. brassicae per plant differed 

significantly among various modules, between genotypes and in their interactions.The 

module 4 (T14 + T15 + T16 + T17) resulted in minimum population of P. brassicae 

whereas M1 (T1, T2, T3, T4) showed maximum population. All the modules however, 

showed significant control of the pest as against control treatment (T18). Significant 

difference between genotypes, among treatments and in their interaction regarding yield 

(kg/plot) was observed. The maximum yield was recorded to be 246.645kg/plot in those 

plots where spinosad was sprayed integrated with collection of larvae followed by 

spinosad + collection of eggs. The application of entomopathogenic nematodes resulted in 
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minimum yield of cauliflower (143.068 kg/plot). Whereas, the maximum CBR was 

recorded to be 41.53 and 38.76 in module 4, and minimum i.e. 15.42 and 14.81 in module 

2. 

 Estimation of Insecticide resistance and susceptibility in P. brassicae    

 The study was conducted to estimate the insecticide resistance in the different 

strains of P. brassicae in Punjab, Pakistan. Different strains of the target pest were 

collected from Faisalabad, Multan and Bahawalpur districts and were compared with 

susceptible strain in term of susceptibility/resistance. Various insecticides viz. spinosad, 

endosulfan, profenophos, thiodicarb, emamectin, lambdacyhalothrin, cypermethrin, 

Lufanuron, were tested in vitro conditions. The activity of the some following enzymes 

was estimated for quantitative analysis of different enzymes viz. quantitative  

acetylcholinesterase activity, total soluble protein contents, glutathione S-transferase 

activity, sterases activity and acetylcholinesterase (AChE) activity  were determined from 

the insect samples to find the role of these enzymes in causing resistance in  the pest 

under test against different insecticides. The results were recorded as under:  



 
 

92

BIOASSAY STUDY 

Estimation of insecticide resistance in P. brassicae 

  Estimation of acetyl cholinesterase activity 
 Acetylcholinesterase activity was measured only quantitatively and results (Fig. 

11) reveal significant difference in all the strains exposed to different insecticides. The 

samples collected from Multan were with high resistance to all the insecticide with 

maximum acetyl colenestrase enzyme. Followed by the strains collected from Faisalabad 

and then Bahawalpur, and susceptible strain was with significantly minimum enzyme 

activity. Furthermore, it is evident from the results that samples collected from Multan 

showed maximum amount of the enzymatic activity when the strain was exposed to 

lufenuron followed by lambdacyhelothrin, emamectin, spinosad and thiodicarb. 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 11: Comparative quantam of Acetylcholinesterase activity in different 

strains of P. brassicae (Error bars are ±SE. Same letter on bars are not significantly different at 5% level of 
probability) 

   
Total proteins contents (mg/g wt) 

 The results (Fig. 12) reveal significant variation in strains collected from different 

locality in all the insecticides. The utmost total proteins contents were recorded in Multan 

strain when exposed to endosnfan, followed by Faisalabad and Bahawalpur. The 

susceptible strain was significantly low with total proteins. The trend was similar in 

different strain to those of endosultan when the insects were exposed to lambbacyhelotrin 

and profenophos with lower quantity of total protein contents as compared to edosulfan in 

all the strains. The insect exposed to lufenuron showed maximum TSP in Multan strain 
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exposed to lufenuron. The trend was observed to be similar to all strains when exposed to 

emamectin, thiodicarb, and spinosad. The strains collected from Faisalabad and 

Bahawalpur showed statistically equal resistance when exposed to cypermethrin. From 

these results, it was concluded that the strain collected from Multan showed the highest 

resistance against the target pest. In general, all the insecticides showed higher resistance 

in Multan strains to all the insecticides. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Comparative quantam of  Protein estimation in different strains of  
 P. brassicae (Error bars are ±SE. Same letter on bars are not significantly different at 5% level of  
 probability) 
 

 Estimation of cytochrome P450 activity 
 
 The cytochrome P450 activity in susceptible and resistant strains is given in Fig. 

(13) and significant difference was found among strains collected from various localities 

fo all the insecticides. The results reveal that the Multan strain showed maximum 

cytochrome P450 activity when exposed to endosulfan followed by when exposed to 

profenophos, lufenuron, cypermethrin, emamectin and thiodicarb. The maximum 

reistance was recorded in Multan strain when exposed to spinosad. The Bahawalpur 

strains showed lower resistance as compared to Multan strains when exposed to spirosad, 

emdosulfan, profenophos, and cypermethrin followed by strains collected from 

Faisalabad. Susceptible strain showed the lowest resistance in all the insecticides. 



 
 

94

d

d d d

d
d

d

c

c

c

b

b

c

b

a

a

a

a
a

a

a

b

b

b

c
c

b

c

0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

Spinosad Endosulfan Profenofos Thiodicarb Emamectin Cypermethrin Lufenuron

Cy
toc

hr
om

e P
45

0 m
g/p

ro
tei

n) 

Insecticide

SS

Fsd

Mnt

Bwp

d

d

d

d

d

d

d

d

b
c

c

b

b
b

b b

a

a

a a

a

a

a
a

c

b

b c

c
c

c
c

0

0.2

0.4

0.6

0.8

1

1.2

1.4

DC
NB

 (G
lu

tth
io

n S
 tr

an
sf

er
as

e)
 nm

/m
in

/m
g

Insecticide

SS

Fsd

Mnt

Bwp

 Contradictory results were recorded in strains collected from Bahwalpur and 

Faisalabad exposed to thiodcarb, emamectin and lufenuron as compared to exposed to 

cypermethrin, profenophos, endosulfan and spinosad where Faisalabad showed higher 

resistance as compared to Bahawlpur resistance. It was concluded from these results that 

Multan strains showed high reistance against all the insecticides. 

 

 

 

 

 

 

 
 
Fig. 13: Comparative quantam of  Cytochrome activity in different strains  of P. 
brassicae (Error bars are ±SE. Same letter on bars are not significantly different at 5% level of probability) 
 

 Estimation of Glutathion S-transferase (nm min-1 mg-1) protein Strains 
Glutathion S-transferase activity by DCNB & CDNB in different strains of P. brassicae 

 The application of endosulfan and profenophos resulted (Fig. 14) in higher DCNB 

activity in strains collected from Bahawalpur as compared to Faisalabad strain. 

Furthermore, significantly highest amunt of DCNB was recorded in Multan strain in all 

the cases. It was concluded that lufenuron and cypermethrin showed the highest DCNB in 

all the strains collected from various localities.  

 

 

 

 

 

 

 
Fig. 14:   Comparative quantam of  Glutathion S-tranferase activity by DCNB in 

different strains of P. brassicae (Error bars are ±SE. Same letter on bars are not 
significantly different at 5% level of probability) 
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 The results presented in (Fig. 15) reveal a significant difference among strains 

when exposed to various insecticides in vitro. Maximum CDNB was recorded in Multan 

strains when exposed to spinsad followed by when exposed to cypermethrin, 

emammectin, lufenuron, lambdacyhelothrin, thiodicarb endosulfan and profenophos. 

Faisalabad strain showed significantly lower CDNB as compared to Multan strain and 

higher as compared to most of the insecticides excect the application of 

Lamblacyhelothrin. Bahawalpur strain showed higher CDNB as compared to Faisalabad. 

It was concluded from these results that CDNB was the highest in Multan strain when 

exposed to all the insecticides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15:  Comparative quantam of  Glutathion S-transferase activity by CDNB 
in different strains of P. brassicae (Error bars are ±SE. Same letter on bars are not 
significantly different at 5% level of probability) 

 
 Estimation of esterases activity 
 

 Quantitative differences in the esterases activity were measured in susceptible and 

resistant strain and difference was found to be significant among strains when exposed to 

various insecticides (Fig. 16). The results reveal that maximum esteraseses were observed 

in Multan strain when exposed to thiodicarb followed by endosulfan, lufenuron, 

profenophos, emamectin, spinsoad and cypermethrin. Bahawalpur strain showed lower 

estrases as compared to Multan strains when exposed to spinsoad, endosuftan, 

emamectin, cypermethrin and lufenuron and showed higher esterases as compared to 
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Faisalabad strains exposed to the same insecticdes in vitro condition. The strains of 

Faisalabad showed higher esterases as compared to strains of Bahawalpur when exposed 

to proferophos and thiodicarb. From these results, it was concluded that the insect under 

study showed reistant trend in all the strain to all insecticide as against susceptible strain. 

Multan strain showed maximum esterases as compared to Faisalabad and Bahawalpur 

strains. 

 
 

 

 

 

 

 

 

 

Fig. 16: Comparative quantam of   Estimation of esterase (Alpha and Beta)  
 activity in different strains of P. brassicae (Error bars are ±SE. Same letter on bars  
 are not significantly different at 5% level of probability) 
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Discussion  

Study was conducted to estimate quantitative activity of various enzymes viz. 

glutathione S-transferase, esterases, acetylcholinesterase (AChE) and total protein 

contents in different strains collected from Bahawalpur, Faisalabad and Multan districts 

of the Punjab (Pakistan). The strains were exposed to the sublethal doses of spinosad, 

endosulfan, profenophos, thiodicarb, emamectin, lambdacyhalothrin, cypermethrin, 

lufanuron under in vitro conditions and compared with the susceptible strain in enzyme 

quantum. Acetylcholnestrase, total protein, Cytochrome P 450, DCNB, CDNB, and 

estrases were higher in Multan strains when exposed to Lufenuron, endosulfan, lufenuron, 

spinosad and thiodicarb respectively.  

Acetylcholenestrase was maximum in strains for Multan when exposed to all the 

insecticide under study followed by Faisalabad and Bahawalpur strains. Total proteins 

were higher in Faisalabad strains as compared to Multan strain when exposed to 

endosulfan, profenophos and lambdacyhelothrin. Whereas, Bahawalpur strain showed 

higher TSP as compared to Faisalabad strains when exposed to spinosad, thiodicarb, 

cypermethrin and lufenuron.  

The application of spinsoad showed minimum cytochromes P 450 in all the strains as 

compared to all the other insecticides. DCNB was higher in all the strains when exposed 

to cypermethrin and lufenuron. All the strains showed maximum CDNB when exposed to 

insecticides as compared to susceptible strains. The strains exposed to thiodicarb and 

endsulfan resulted in high α and β estrases as compared to the strains to other insecticides. 

Multan strains showed maximum enzymatic activity as compared to Bahawalpur and 

Faisalabad strains when exposed to the insecticides under study.       

 

The present finding can not be compared with Hsu and Feng (2002); Zhang et al. (2008), 

Ahmad et al. (2009), Jin et al.(2009),  Haider et al. (2011), Hsu and Feng (2006), Pan et 

al. (2008), Hsu et al. (2008), Mushtaq et al. (2001), Aheer et al. (2009), Mushtaq, 2009,  

Kalia, 1995,  Oke, 2008,  Ahmad et al. (2008) due to differences in their materials and 

methods, nature of crop, and pest type. 
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Summary 

Study was conducted to estimate quantitative activity of various enzymes viz. 

glutathione S-transferase, esterases, acetylcholinesterase (AChE) and total protein 

contents in different strains collected from Bahawalpur, Faisalabad and Multan districts 

of the Punjab (Pakistan). The strains were exposed to the sublethal doses of spinosad, 

endosulfan, profenophos, thiodicarb, emamectin, lambdacyhalothrin, cypermethrin, 

lufanuron under in vitro conditions and compared with the susceptible strain in enzyme 

quantum. The results are summarized as under: Acetylcholnestrase, total protein, 

Cytochrome P 450, DCNB, CDNB, and estrases were higher in Multan strains when 

exposed to Lufenuron, endosulfan, lufenuron, spinosad and thiodicarb respectively.  

Acetylcholenestrase was maximum in strains for Multan when exposed to all the 

insecticide under study followed by Faisalabad and Bahawalpur strains. Total proteins 

were higher in Faisalabad strains as compared to Multan strain when exposed to 

endosulfan, profenophos and lambdacyhelothrin. Whereas, Bahawalpur strain showed 

higher TSP as compared to Faisalabad strains when exposed to spinosad, thiodicarb, 

cypermethrin and lufenuron.  

The application of spinsoad showed minimum cytochromes P 450 in all the strains as 

compared to all the other insecticides. DCNB was higher in all the strains when exposed 

to cypermethrin and lufenuron. All the strains showed maximum CDNB when exposed to 

insecticides as compared to susceptible strains. The strains exposed to thiodicarb and 

endsulfan resulted in high α and β estrases as compared to the strains to other insecticides. 

Multan strains showed maximum enzymatic activity as compared to Bahawalpur and 

Faisalabad strains when exposed to the insecticides under study.       
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Appendix 1. Data regarding Population of Pieris brassicae per Plant on 
 various Genotypes of Cauliflower at different Dates of 
 Observation during 2008 

Name of Genotypes Dates of Observation 

08.10.2008 12.10.2008 16.10.2008 

 R1 R2 R3 R1 R2 R3 R1 R2 R3 

Candid Charm 23.7 21.5 22.6 26.5 24.8 27.9 15.7 14.9 16.7 

Cash Mere 29.8 28.9 29.7 31.6 30.5 29.6 19.1 18.2 20.4 

Cauliflower Desi 98.4 89.5 95.3 58.8 60.5 57.7 53.6 56.7 51.2 

Cool Sun-70 104.2 101.5 99.3 47.6 48.5 44.8 41.7 40.5 39.7 

Cool Sun-71 73.5 78.7 74.6 49.9 49.0 46.5 43.6 44.9 41.7 

Early Kanwari 25.6 29.3 28.7 28.9 27.1 29.5 18.5 16.3 19.8 

Shamila F1 H 0.00 0.00 0.00 5.4 4.2 6.7 11.7 10.5 12.6 

Pari 67.4 69.5 58.9 59.5 60.3 55.6 51.9 48.7 49.5 

Pari F1 H 0.00 0.00 0.00 6.3 8.7 7.9 8.9 7.6 10.3 

Snow Ball 99.9 101.7 96.3 46.7 48.5 43.7 43.8 46.1 40.2 

Snow Crown 28.7 29.5 27.1 31.1 29.7 30.5 29.5 28.7 26.8 

Snow Drift 33.0 31.5 34.7 22.5 26.5 23.7 22.7 21.3 23.6 

Snow Grace 24.2 23.8 26.4 26.3 28.9 26.8 19.1 19.7 18.6 

White Corona H 0.00 18.5 0.00 8.7 9.5 7.6 10.6 7.8 11.5 

White Excel 23.8 22.9 18.19 27.6 26.4 29.8 18.5 18.6 19.3 

White Island 22.5 21.7 23.6 21.6 23.9 21.3 20.0 21.4 22.3 

White Magic H 0.00 0.00 7.7 4.8 3.5 6.4 11.8 10.6 12.5 

White Shot H 0.00 11.5 0.00 5.9 4.7 6.8 10.5 11.7 10.7 

Continue………. 
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Name of Genotypes Dates of Observation 

20.10.2008 24.10.2008 28.10.2008 

 R1 R2 R3 R1 R2 R3 R1 R2 R3 

Candid Charm 11.8 10.6 9.5 10.3 8.7 9.5 8.2 7.3 8.4 

Cash Mere 14.3 15.7 13.8 11.5 10.6 12.9 10.5 10.9 9.5 

Cauliflower Desi 48.7 45.9 49.7 23.7 22.2 19.8 13.9 12.7 11.9 

Cool Sun-70 40.6 39.8 42.6 39.5 37.7 38.5 29.8 30.6 28.5 

Cool Sun-71 41.3 39.5 43.8 31.6 30.9 32.5 21.2 19.3 20.2 

Early Kanwari 14.5 13.6 12.5 11.3 10.3 11.4 8.5 7.9 9.7 

Shamila F1 H 9.6 8.7 10.5 7.6 6.3 8.5 4.5 3.5 4.4 

Pari 40.9 38.2 41.6 36.9 31.2 35.7 23.4 25.7 21.3 

Pari F1 H 8.8 7.3 8.4 6.5 4.9 5.8 3.9 3.5 4.7 

Snow Ball 37.5 36.4 38.7 28.5 29.7 28.4 18.10 17.2 19.5 

Snow Crown 18.9 16.10 17.2 14.5 13.6 15.8 10.3 9.4 11.2 

Snow Drift 21.5 19.10 24.2 15.6 14.4 16.9 11.2 11.6 10.5 

Snow Grace 18.5 16.9 19.5 16.3 14.8 16.9 10.4 9.7 10.8 

White Corona H 10.3 9.6 11.5 7.9 6.7 8.5 5.7 4.9 6.7 

White Excel 16.6 14.5 17.3 10.6 11.9 9.6 8.8 9.7 7.6 

White Island 18.3 16.6 19.7 15.9 14.3 16.8 11.7 10.9 10.6 

White Magic H 11.0 10.2 12.7 8.6 6.3 7.3 4.8 3.9 4.9 

White Shot H 9.6 8.9 10.4 7.3 6.5 7.9 3.5 2.9 3.3 

Continue………. 
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Name of Genotypes Dates of Observation 

01.11.2008 05.11.2008 09.11.2008 

 R1 R2 R3 R1 R2 R3 R1 R2 R3 

Candid Charm 6.6 5.3 6.8 3.4 3.6 3.8 2.4 2.5 2.0 

Cash Mere 7.4 7.7 7.3 4.3 4.2 4.7 1.5 1.4 1.3 

Cauliflower Desi 11.5 10.9 11.6 6.5 6.4 5.9 4.9 2.5 5.7 

Cool Sun-70 16.6 17.5 15.9 8.8 8.7 7.9 5.6 5.4 4.9 

Cool Sun-71 18.3 19.6 17.5 10.3 9.8 10.6 6.7 6.8 7.7 

Early Kanwari 6.3 4.9 7.8 4.2 4.1 5.3 3.6 2.5 3.8 

Shamila F1 H 2.7 2.5 2.9 1.5 1.4 1.3 0.0 0.4 0.0 

Pari 15.6 14.8 16.7 11.5 10.9 9.8 5.9 5.7 5.6 

Pari F1 H 2.0 2.2 1.8 1.0 0.8 1.1 0.0 0.3 0.2 

Snow Ball 11.9 10.7 12.9 6.2 6.0 6.2 3.5 3.7 2.9 

Snow Crown 7.5 6.7 8.8 5.9 5.6 5.8 4.2 4.4 4.3 

Snow Drift 9.5 10.6 8.7 6.6 6.4 5.9 3.7 3.8 2.7 

Snow Grace 8.7 6.9 8.9 4.5 3.2 5.6 2.2 2.0 1.9 

White Corona H 3.8 3.6 2.5 0.9 0.7 0.8 0.0 0.0 0.3 

White Excel 6.2 7.8 6.6 4.3 2.5 4.7 1.3 1.4 0.9 

White Island 8.7 9.9 8.5 3.5 3.4 3.7 1.7 1.6 0.9 

White Magic H 3.1 2.9 3.3 1.5 1.4 1.9 0.3 0.2 0.0 

White Shot H 2.3 2.4 2.5 1.0 0.9 1.3 0.5 0.0 0.3 

Continue………. 
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Name of Genotypes Dates of Observation 
13.11.2008 17.11.2008 

R1 R2 R3 R1 R2 R3 

Candid Charm 1.1 1.0 1.0 0.1 0.0 0.2 

Cash Mere 1.0 0.8 0.9 0.3 0.2 0.0 

Cauliflower Desi 2.1 2.2 1.9 0.0 0.0 0.0 

Cool Sun-70 1.4 1.2 1.3 0.0 0.0 0.0 

Cool Sun-71 0.9 0.8 0.5 0.0 0.0 0.0 

Early Kanwari 0.8 0.6 0.9 0.2 0.0 0.0 

Shamila F1 H 0.2 0.0 0.3 0.0 0.0 0.0 

Pari 1.3 1.2 1.4 0.0 0.0 0.1 

Pari F1 H 0.3 0.2 0.0 0.0 0.0 0.0 

Snow Ball 0.8 0.6 0.9 0.4 0.2 0.3 

Snow Crown 0.4 0.3 0.5 0.4 0.2 0.0 

Snow Drift 0.8 0.7 0.9 0.5 0.3 0.2 

Snow Grace 0.9 0.8 0.9` 0.2 0.1 0.0 

White Corona H 0.5 0.4 0.5 0.0 0.0 0.0 

White Excel 0.3 0.2 0.4 0.0 0.0 0.0 

White Island 0.2 0.2 0.3 0.1 0.2 0.0 

White Magic H 0.0 0.0 0.2 0.0 0.0 0.0 

White Shot H 0.0 0.0 0.1 0.0 0.0 0.0 
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Appendix 2: Data regarding Population of Pieris brassicae per Plant on various  
 Selected Genotypes of Cauliflower at different Dates of    
 Observation during 2009 
Name of Genotypes Dates of Observation 

05.10.2009 09.10.2009 13.10.2009 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 56.4 67.3 59.4 86.3 98.5 81.7 63.5 61.7 62.9 

Cauliflower Desi 43.5 49.5 41.7 78.9 74.6 77.5 68.7 70.3 66.5 

Cash Mere 33.2 32.3 36.5 58.4 59.7 56.2 51.6 49.7 52.4 

White Island 39.5 41.3 37.5 49.3 48.4 50.7 43.7 40.9 39.5 

Shamila F1 H 40.7 39.7 51.6 43.9 41.3 36.5 34.8 30.6 33.6 

Pari F1 H 27.5 30.5 31.7 56.6 31.7 33.9 50.9 38.6 40.5 

Continue………. 

Name of Genotypes Dates of Observation 

17.10.2009 21.10.2009 25.10.2009 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 56.5 48.7 52.5 31.7 33.2 29.5 18.2 16.3 17.4 

Cauliflower Desi 60.3 62.3 55.7 29.6 29.7 30.9 15.7 14.9 16.5 

Cash Mere 48.7 44.3 50.6 26.3 28.4 29.8 21.6 12.7 21.9 

White Island 34.9 36.7 32.4 30.2 29.6 26.5 22.4 18.2 16.7 

Shamila F1 H 28.7 27.9 28.8 17.2 18.9 16.5 13.6 11.6 12.5 

Pari F1 H 33.6 28.5 32.5 21.7 20.3 17.6 11.9 9.9 10.6 

Continue………. 

Name of Genotypes Dates of Observation 

29.10.2009 03.11.2009 07.11.2009 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 10.5 11.3 9.5 8.8 7.9 8.6 6.5 5.9 6.4 

Cauliflower Desi 8.7 7.6 8.3 6.5 5.9 6.7 6.3 6.3 6.5 

Cash Mere 5.5 4.6 6.4 4.3 3.8 5.3 2.3 2.4 3.1 

White Island 7.7 6.9 7.8 6.4 6.1 5.1 3.4 2.3 2.4 

Shamila F1 H 3.4 3.2 3.7 3.0 2.0 2.9 0.0 0.9 1.0 

Pari F1 H 4.5 4.9 3.9 3.7 3.6 3.5 1.0 0.8 1.2 

Continue………. 



 
 

112

Name of Genotypes Dates of Observation 

11.11.2009 15.11.2009 19.11.2009 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 4.3 3.5 4.7 1.2 0.7 0.9 0.6 0.3 0.2 

Cauliflower Desi 5.2 5.1 4.9 0.6 0.2 0.2 0.3 0.1 0.0 

Cash Mere 2.0 1.9 2.3 0.0 0.0 0.4 0.0 0.0 0.1 

White Island 2.2 2.0 2.7 0.3 0.2 0.3 0.1 0.1 0.0 

Shamila F1 H 0.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

Pari F1 H 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix 3: Weather Data during 2008 

Dates of Observation Temperature oC RH (%) RF (mm) 

Maximum Minimum Average 

08.10.08 35.0(5.95) 24.3 (4.97) 29.65 (5.49) 63.37 (7.99) 0.0 (0.71) 

12.10.08 35.62 (6.00) 21.37 (4.67) 28.49 (5.38) 57.62 (7.62) 0.0 (0.71) 

16.10.08 32.65 (5.75) 20.55 (4.58) 26.6 (5.20) 53.75 (7.36) 0.0 (0.71) 

20.10.08 32.8 (5.77) 16.32 (4.10) 24.56 (5.0) 54.62 (7.42) 0.0 (0.71) 

24.10.08 33.32 (5.81) 17.75 (4.27) 25.54 (5.10) 63.75 (8.02) 0.0 (0.71) 

28.10.08 31.82 (5.68) 16.52 (4.12) 24.17 (4.96) 55.5 (7.48) 0.0 (0.71) 

1.11.08 31.45 (5.65) 16.27 (4.09) 23.86 (4.93) 66.00 (8.15) 0.0 (0.71) 

05.11.08 32.92 (5.78) 14.7 (3.89) 23.81 (4.93) 57.0 (7.58) 0.0 (0.71) 

09.11.08 31.85n (5.68) 13.77 (3.77) 22.81 (4.83) 65.87 (8.15) 0.0 (0.71) 

13.11.08 28.92 (5.42) 13.85 (3.78) 21.38 (4.67) 68.5 (8.30) 0.0 (0.71) 

17.11.08 25.12 (5.06) 10.35 (3.29) 17.73 (4.27) 67.87 (8.26) 0.0 (0.71) 
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Appendix 4: Weather Data during 2009 

Dates of Observation Temperature oC RH (%) RF (mm) 

Maximum Minimum Average 

05.10.09 33.37 (5.81) 21.40 (4.67) 27.38 (5.28) 68.37 (8.29) 14.8 (3.91) 

09.10.09 34.50 (5.91) 19.37 (4.45) 26.93 (5.23) 57.25 (7.59) 0.0 (0.71) 

13.10.09 35.00 (5.95) 17.22 (4.21) 26.11 (5.16) 41.62 (6.49) 0.0 (0.71) 

17.10.09 34.85 (5.94) 16.07(4.07) 25.46 (5.09) 50.37 (7.13) 0.0 (0.71) 

21.10.09 32.40 (5.73) 14.82 (3.91) 23.61 (4.91) 53.87 (7.37) 0.0 (0.71) 

25.10.09 31.82 (5.68) 12.30 (3.58) 22.06 (4.75) 55.75 (7.50) 0.0 (0.71) 

29.10.09 31.25 (5.72) 11.87 (3.51) 21.56 (4.69) 54.62 (7.42) 0.0 (0.71) 

03.11.09 31.30 (5.64) 14.03 (3.81) 22.66 (4.81) 61.40 (7.86) 0.0 (0.71). 

07.11.09 29.42 (5.47) 13.9 (3.80) 21.68 (4.70) 74.37 (8.65) 0.0 (0.71) 

11.11.09 25.05 (5.05) 11.75 (3.50) 23.40 (4.88) 63.75 (8.01) 0.0 (0.71) 

15.11.09 25.92 (5.14) 9.90 (3.22) 17.91 (4.29) 69.75 (8.38) 0.4 (0.94) 

19.11.09 25.40 (5.08) 9.75 (3.20) 17.57 (4.25) 68.50 (8.31) 0.0 (0.71) 
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Appendix 5:  Physio-morphological Plant Characters in Various Selected   
 Cultivars of Cauliflower 

Cultivars Plant Height (cm) Number of 

Leaves/Plant 

Foliage fresh weight 

(kg/plant) 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 49.10 50.26 48.75 14.68 13.36 15.90 0.915 0.933 0.884 

Cauliflower Desi 51.30 49.31 54.57 18.36 17.91 18.10 0.978 0.999 0.963 

Cash Mere 69.71 68.10 71.90 15.19 16.31 15.90 1.103 1.084 1.036 

White Island 64.65 66.76 63.67 18.91 17.20 18.43 1.115 1.137 1.117 

Shamila F1 H 71.33 73.15 74.19 15.65 16.33 16.46 1.194 1.204 1.187 

Pari F1 H 73.24 70.81 71.60 18.25 19.00 18.61 1.203 1.224 1.217 

          Continue……….. 

Cultivars Foliage dry weight 

(gm) 

Chlorophyll (%) Leaf Area (cm2) 

R1 R2 R3 R1 R2 R3 R1 R2 R3 

Cool Son-70 217 219 223 111.17 109.15 113.60 436.69 471.16 466.13 

Cauliflower Desi 231 239 236 124.67 177.26 133.67 519.50 516.70 523.80 

Cash Mere 243 249 241 144.75 136.19 165.71 563.50 555.60 571.70 

White Island 259 263 260 186.15 169.60 181.91 661.90 671.80 679.17 

Shamila F1 H 271 263 265 203.40 199.60 201.13 724.65 725.31 715.24 

Pari F1 H 281 283 277 204.24 207.10 200.15 723.73 719.71 730.15 
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Appendix 6:   Population of Pieris brassicae per Plant on Resistant Genotype of  
 Cauliflower (CV Pari F1 H) in different Treatments during 2009 

Treatment # Name of Treatments Dose/method of Application Dates of Observation 

10.10.2009 14.10.2009 

R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

23.2 38.4 23.5 18.7 32.9 29.4 

T2 Entomopathogenic 

Nematode + 

Trichogramma chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. Chilonis 

cards at the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

15.6 13.5 14.6 16.2 18.3 14.5 

T3 Entomopathogenic 

Nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 

and 26.10.2009 

0.8 0.6 0.4 0.0 0.0 0.3 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

26.9 24.2 16.4 16.3 17.5 26.4 

T5 Trichogramma chilonis installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

16.8 23.4 19.3 18.9 25.7 31.9 

T6 Trichogramma chilonis 

+ Chrysoperla carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

release of C, carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 

to 30.10.2009 having 8 releases. 

14.7 18.9 13.5 15.3 17.4 21.7 

T7 Trichogramma chilonis 

+ Spinosad 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.4 0.9 0.8 0.0 0.0 0.0 

T8 Trichogramma chilonis 

+ NNO 2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009. 

8.7 6.5 5.9 14.3 18.7 12.5 

T9 Trichogramma chilonis Installation of T. Chilonis cards at the rate 4.2 3.5 5.7 14.5 18.7 6.9 
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+ Collection of Eggs of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

16.7 18.6 14.9 24.4 21.5 27.6 

T11 NNO 2.5%  + Spinosad Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

1.4 0.9 1.0 0.0 0.0 0.0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

3.2 1.4 2.5 3.2 4.5 3.8 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

4.8 7.3 5.8 2.4 3.2 1.7 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.7 0.6 0.0 0.0 0.0 0.0 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 0.0 0.4 0.0 0.0 0.0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0..5 0.0 0.0 0.0 0.0 0.0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0.30 0.0 0.2 0.0 0.0 0.0 

T18 Control - 29.0 45.6 26.9 53.5 59.9 66.7 

Continue…………… 
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Treatment # Name of 

Treatments 

Dose/method of Application Dates of Observation 

18.10.2009 22.10.2009 

R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

18.7 22.5 19.2 13.4 12.7 9.5 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. Chilonis 

cards at the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

7.7 8.9 9.5 9.4 7.5 8.7 

T3 Entomopathogenic 

Nematode + 

Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0.8 0.9 0.8 1.6 1.8 2.0 

T4 Entomopathogenic 

Nematode + N 

NO 2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

16.5 13.5 14.7 7.3 6.2 5.4 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

16.5 19.6 24.7 13.5 12.4 13.7 

T6 Trichogramma 

chilonis + 

Chrysoperla 

carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

release of C, carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

6.2 8.5 7.3 5.4 6.7 5.9 

T7 Trichogramma 

chilonis + 

Spinosad 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray 

of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T8 Trichogramma 

chilonis + NNO 

2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray 

of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009. 

10.5 13.7 11.6 8.7 10.9 8.9 

T9 Trichogramma 

chilonis + 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

16.6 14.7 15.8 15.9 14.8 17.6 
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Collection of Eggs 30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

13.8 18.9 21.7 9.5 10.6 8.7 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T12 NNO 2.5%  + 

Collection of 

Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

2.5 3.6 4.7 2.7 1.5 3.6 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

8.6 4.9 6.6 8.7 6.5 7.9 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T16 Spinosad + 

Collection of 

Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0.0 0.0 0.0 0.0 0.0 0.0 

T18 Control - 26.5 45.9 49.4 25.6 26.2 21.2 

Continue…………… 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 

26.10.2009 30.10.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

6.3 4.5 7.6 2.4 3.2 3.8 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application. 

4.7 5.6 6.5 2.0 1.9 2.5 

T3 Entomopathogenic 

Nematode + 

Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

1.0 1.8 1.9 0.0 0.0 0.0 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

3.5 4.9 3.7 1.7 0.9 1.5 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

8.9 7.5 8.7 4.2 3.7 5.9 

T6 Trichogramma 

chilonis + 

Chrysoperla carnea 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and release 

of C, carnea at the rate of one 2nd instars’ 

larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

3.7 2.5 4.6 0.0 0.7 0.9 

T7 Trichogramma 

chilonis + Spinosad 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray of 

spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T8 Trichogramma 

chilonis + NNO 2.5% 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray of 

NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009. 

4.3 5.9 8.5 2.4 1.7 3.4 

T9 Trichogramma 

chilonis + Collection 

of Eggs 

Installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

10.7 11.6 10.0 1.0 2.4 1.8 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 

5.9 5.7 6.8 3.2 0.0 1.2 
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T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and spray of 

spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and collection 

of larvae from 6.10.2009 to 26.10.2009 

having 6 collections. 

1.0 2.7 0.8 0.0 0.0 0.0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  twice 

on 10.10.2009 and 26.10.2009 and collection 

of eggs from 2.10.2009 to 30.10.2009 having 

8 collections. 

5.4 3.7 5.9 0.7 0.9 1.5 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T16 Spinosad + 

Collection of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 
twice on 10.10.2009 and 26.10.2009 and 
installation of sticky rackets of yellow colour 
at the rate of one racket per plot 

0.0 0.0 0.0 0.0 0.0 0.0 

T18 Control - 11.9 13.7 14.3 6.3 8.9 9.2 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 
03.11.2009 07.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

0.5 1.3 0.4 0.0 0.3 0.2 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. 

Chilonis cards at the rate of one card per 

plot from 2.10.2009 to 30.10.2009 

having 8 application. 

0.0 1.4 1.6 1.0 0.0 0.0 

T3 Entomopathogenic 

Nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 

and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

0.0 0.6 0.0 0.0 0.2 0.0 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 applications. 

2.1 1.5 2.2 0.0 0.0 0.7 

T6 Trichogramma 

chilonis + Chrysoperla 

carnea 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

release of C. carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 

to 30.10.2009 having 8 releases. 

0.0 0.2 0.7 0.0 0.0 0.0 

T7 Trichogramma 

chilonis + Spinosad 

Installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T8 Trichogramma 

chilonis + NNO 2.5% 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009. 

0.0 0.7 0.9 0.0 0.0 0.3 

T9 Trichogramma 

chilonis + Collection 

Installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

1.5 0.0 0.8 0.0 0.0 0.7 
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of Eggs to 30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

1.3 0.7 0.5 0.0 0.0 0.0 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 1.32 0.0 0.0 1.2 0.0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of eggs from 

2.10.2009 to 30.10.2009 having 8 

collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of larvae from 

6.10.2009 to 26.10.2009 having 6 

collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and installation of sticky 

rackets of yellow colour at the rate of 

one racket per plot 

0.0 0.0 0.0 0.0 0.0 0.0 

T18 Control - 4.5 6.7 6.9 3.2 1.5 3.3 

Continue…………… 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 

11.11.2009 14.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic Nematode 3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T2 Entomopathogenic Nematode 

+ Trichogramma chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. Chilonis 

cards at the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

0 0 0 0 0 0 

T3 Entomopathogenic Nematode 

+ Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 

and 26.10.2009 

0 0 0 0 0 0 

T4 Entomopathogenic Nematode 

+ N NO 2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T5 Trichogramma chilonis installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

0 0 0 0 0 0 

T6 Trichogramma chilonis + 

Chrysoperla carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

release of C. carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

0 0 0 0 0 0 

T7 Trichogramma chilonis + 

Spinosad 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T8 Trichogramma chilonis + 

NNO 2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009. 

0 0 0 0 0 0 

T9 Trichogramma chilonis + 

Collection of Eggs 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

0 0 0 0 0 0 
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collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T11 NNO 2.5%  + Spinosad Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T12 NNO 2.5%  + Collection of 

Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T13 NNO 2.5%  + Collection of 

Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T15 Spinosad + Collection of 

Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T16 Spinosad + Collection of 

Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky Rackets of 

Yellow Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0 0 0 0 0 0 

T18 Control - 5.2 4.4 5.8 2.2 2.4 4.3 

Continue…………… 
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Treatment # Name of 

Treatments 
Dose/method of Application Dates of Observation 

18.11.2009 22.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 1482 gm/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 gm/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application. 

0 0 0 0 0 0 

T3 Entomopathogenic 

Nematode + 

Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 gm/ha 

twice on 10.10.2009 and 26.10.2009 and spray 

of spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 gm/ha 

twice on 10.10.2009 and 26.10.2009 and spray 

of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 applications. 

0 0 0 0 0 0 

T6 Trichogramma 

chilonis + 

Chrysoperla 

carnea 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and release of C. carnea at 

the rate of one 2nd instars’ larvae per plant from 

2.10.2009 to 30.10.2009 having 8 releases. 

0 0 0 0 0 0 

T7 Trichogramma 

chilonis + 

Spinosad 

Installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of spinosad at 

the rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T8 Trichogramma 

chilonis + NNO 

2.5% 

installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and spray of NNO at the 

rate of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009. 

0 0 0 0 0 0 

T9 Trichogramma 

chilonis + 

Collection of Eggs 

Installation of T. Chilonis cards at the rate of 

one card per plot from 2.10.2009 to 30.10.2009 

having 8 application and collection of eggs 

from 2.10.2009 to 30.10.2009 having 8 

collections. 

0 0 0 0 0 0 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T11 NNO 2.5%  + Spray of NNO at the rate of 6.17 lit/ha  twice on 0 0 0 0 0 0 
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Spinosad 10.10.2009 and 26.10.2009 and spray of 

spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

T12 NNO 2.5%  + 

Collection of 

Larvae 

Spray of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009 and collection of 

larvae from 6.10.2009 to 26.10.2009 having 6 

collections. 

0 0 0 0 0 0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009 and collection of 

eggs from 2.10.2009 to 30.10.2009 having 8 

collections. 

0 0 0 0 0 0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 and collection of 

eggs from 2.10.2009 to 30.10.2009 having 8 

collections. 

0 0 0 0 0 0 

T16 Spinosad + 

Collection of 

Larvae 

Spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 and collection of 

larvae from 6.10.2009 to 26.10.2009 having 6 

collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha twice 

on 10.10.2009 and 26.10.2009 and installation 

of sticky rackets of yellow colour at the rate of 

one racket per plot 

0 0 0 0 0 0 

T18 Control - 1.2 0.8 0.9 0 0.4 0.1 
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Appendix 7:   Population of Pieris brassicae per Plant on Susceptible Genotype  
 of Cauliflower (CV Cool Sun-70) in different Treatments during  
 2009 

Treatment # Name of 
Treatments 

Dose/method of Application Dates of Observation 
10.10.2009 14.10.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 

76.7 80.5 71.5 33.7 45.9 67.6 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. 

Chilonis cards at the rate of one card per 

plot from 2.10.2009 to 30.10.2009 

having 8 application. 

46.5 36.9 39.7 36.4 40.7 36.9 

T3 Entomopathogenic 

Nematode + 

Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 

and 26.10.2009 

0.0 0.7 0.9 0 0 0 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

33.3 47.5 39.6 22.5 26.7 30.4 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 applications. 

46.4 37.9 49.8 33.9 39.6 43.7 

T6 Trichogramma 

chilonis + 

Chrysoperla 

carnea 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

release of C. carnea at the rate of one 

2nd instars’ larvae per plant from 

2.10.2009 to 30.10.2009 having 8 

releases. 

23.2 28.9 26.5 18.9 14.5 16.7 

T7 Trichogramma 

chilonis + 

Spinosad 

Installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0.9 0.7 0 0 0 0 

T8 Trichogramma 

chilonis + NNO 

2.5% 

installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

48.2 53.6 49.8 38.7 36.5 40.6 
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twice on 10.10.2009 and 26.10.2009. 

T9 Trichogramma 

chilonis + 

Collection of Eggs 

Installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 

to 30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

13.5 12.9 13.1 18.5 16.2 15.6 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

56.7 48.9 51.6 41.7 54.9 40.3 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T12 NNO 2.5%  + 

Collection of 

Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.4 0 0 0 0 0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

16.2 18.7 11.5 3.2 2.5 3.6 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

0.6 0.2 0.3 0 0 0 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of eggs from 

2.10.2009 to 30.10.2009 having 8 

collections. 

0 0 0 0 0 0 

T16 Spinosad + 

Collection of 

Larvae 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of larvae from 

6.10.2009 to 26.10.2009 having 6 

collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and installation of sticky 

rackets of yellow colour at the rate of 

one racket per plot 

0 0 0 0 0 0 

T18 Control - 98.7 86.0 83.5 88.9 96.0 88.4 

Continue………… 
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Treatment 
# 

Name of Treatments Dose/method of Application Dates of Observation 
18.10.2009 22.10.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate 

of 1482 gm/ha twice on 

10.10.2009 and 26.10.2009 

45.7 41.6 33.7 13.5 16.6 15.7 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate 

of 1482 gm/ha twice on 

10.10.2009 and 26.10.2009 and 

installation of T. Chilonis cards at 

the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

23.8 16.24 27.4 12.6 14.9 13.8 

T3 Entomopathogenic 

Nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate 

of 1482 gm/ha twice on 

10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 

125 ml/ha twice on 10.10.2009 

and 26.10.2009 

3.2 2.5 3.8 5.9 6.7 3.4 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate 

of 1482 gm/ha twice on 

10.10.2009 and 26.10.2009 and 

spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 

25.3 20.7 18.9 10.5 9.7 11.6 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at 

the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

applications. 

24.3 31.5 26.7 8.3 19.6 13.5 

T6 Trichogramma 

chilonis + 

Chrysoperla carnea 

installation of T. Chilonis cards at 

the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and release of C. 

carnea at the rate of one 2nd 

instars’ larvae per plant from 

2.10.2009 to 30.10.2009 having 8 

releases. 

13.7 11.5 15.4 0.5 9.7 8.9 

T7 Trichogramma 

chilonis + Spinosad 

Installation of T. Chilonis cards at 

the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and spray of spinosad 

at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

2.2 1.4 1.8 1.6 1.9 2.4 

T8 Trichogramma installation of T. Chilonis cards at 25.4 27.9 31.5 14.5 15.9 12.7 
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chilonis + NNO 2.5% the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and spray of NNO at 

the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009. 

T9 Trichogramma 

chilonis + Collection 

of Eggs 

Installation of T. Chilonis cards at 

the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and collection of eggs 

from 2.10.2009 to 30.10.2009 

having 8 collections. 

11.7 10.5 11.9 8.5 9.1 11.3 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 

36.5 29.4 31.3 13.8 12.5 11.7 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and spray of spinosad 

at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0.8 1.3 0.5 3.2 4.1 2.0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and collection of 

larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 1.6 0.4 0.8 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and collection of eggs 

from 2.10.2009 to 30.10.2009 

having 8 collections. 

1.0 1.3 1.8 2.4 2.6 2.8 

T14 Spinosad 240 SC Spray of spinosad at the rate of 

125 ml/ha twice on 10.10.2009 

and 26.10.2009 

1.4 1.3 1.6 1.8 1.3 1.4 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 

125 ml/ha twice on 10.10.2009 

and 26.10.2009 and collection of 

eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 

125 ml/ha twice on 10.10.2009 

and 26.10.2009 and collection of 

larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Spray of spinosad at the rate of 

125 ml/ha twice on 10.10.2009 

0 0 0 0 0 0 
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Colour and 26.10.2009 and installation of 

sticky rackets of yellow colour at 

the rate of one racket per plot 

T18 Control - 63.5 65.6 55.9 26.2 33.4 24.2 

Continue…………… 
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Treatment # Name of 

Treatments 
Dose/method of Application Dates of Observation 

26.10.2009 30.10.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

Nematode 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 

8.9 10.7 6.5 5.9 4.8 6.7 

T2 Entomopathogenic 

Nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. 

Chilonis cards at the rate of one card 

per plot from 2.10.2009 to 30.10.2009 

having 8 application. 

7.5 8.8 4.7 3.2 2.5 3.5 

T3 Entomopathogenic 

Nematode + 

Spinosad 240 SC 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at 

the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

3.7 6.4 5.2 0.2 0.4 0 

T4 Entomopathogenic 

Nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 

1482 gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the 

rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009 

6.5 5.9 4.3 3.2 1.9 3.2 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the 

rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

applications. 

11.3 8.9 10.6 4.4 3.5 6.7 

T6 Trichogramma 

chilonis + 

Chrysoperla carnea 

installation of T. Chilonis cards at the 

rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and release of C. carnea 

at the rate of one 2nd instars’ larvae 

per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

4.8 6.9 7.5 3.7 4.3 6.8 

T7 Trichogramma 

chilonis + Spinosad 

Installation of T. Chilonis cards at the 

rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and spray of spinosad at 

the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

1.0 2.0 2.1 0.0 0 0 

T8 Trichogramma 

chilonis + NNO 

2.5% 

installation of T. Chilonis cards at the 

rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and spray of NNO at the 

rate of 6.17 lit/ha  twice on 

8.7 9.5 6.9 5.6 5.9 6.2 
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10.10.2009 and 26.10.2009. 

T9 Trichogramma 

chilonis + 

Collection of Eggs 

Installation of T. Chilonis cards at the 

rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application and collection of eggs 

from 2.10.2009 to 30.10.2009 having 

8 collections. 

5.9 6.1 8.7 4.3 3.2 4.6 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 

10.5 11.3 8.7 5.1 4.7 6.3 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at 

the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

3.1 3.7 2.5 0 0 0 

T12 NNO 2.5%  + 

Collection of 

Larvae 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and collection of larvae 

from 6.10.2009 to 26.10.2009 having 

6 collections. 

0 0 0 0 0 0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 

lit/ha  twice on 10.10.2009 and 

26.10.2009 and collection of eggs 

from 2.10.2009 to 30.10.2009 having 

8 collections. 

2.6 2.4 2.5 0.7 0.9 1.0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 

1.0 1.9 1.3 0 0 0 

T15 Spinosad + 

Collection of Eggs 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of eggs 

from 2.10.2009 to 30.10.2009 having 

8 collections. 

0 0 0 0 0 0 

T16 Spinosad + 

Collection of 

Larvae 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and collection of larvae 

from 6.10.2009 to 26.10.2009 having 

6 collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 

26.10.2009 and installation of sticky 

rackets of yellow colour at the rate of 

one racket per plot 

0 0 0 0 0 0 

T18 Control - 17.7 19.5 16.8 10.9 11.6 12.5 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 

03.11.2009 07.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

3.4 2.8 2.2 1.5 1.6 3.2 

T2 Entomopathogenic 

nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and installation of T. Chilonis cards at the 

rate of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application. 

2.2 1.5 1.7 1.3 0.8 0.7 

T3 Entomopathogenic 

nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and spray of spinosad at the rate of 125 

ml/ha twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0.2 

T4 Entomopathogenic 

nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 26.10.2009 

and spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

1.4 2.7 2.8 1.6 1.3 2.2 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

2.9 3.3 2.3 3.3 1.4 3.0 

T6 Trichogramma 

chilonis + Chrysoperla 

carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and release 

of C. carnea at the rate of one 2nd instars’ 

larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

3.1 2.3 2.9 2.4 1.0 1.0 

T7 Trichogramma 

chilonis + Spinosad 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray 

of spinosad at the rate of 125 ml/ha twice on 

10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T8 Trichogramma 

chilonis + NNO 2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and spray 

of NNO at the rate of 6.17 lit/ha  twice on 

10.10.2009 and 26.10.2009. 

3.6 4.2 5.1 3.2 2.6 3.5 

T9 Trichogramma 

chilonis + Collection 

of Eggs 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

2.0 3.4 2.6 0.9 1.3 0.8 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

4.2 4.5 6.1 3.4 1.5 3.2 
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T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0.2 0 0 0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0 0 0 0 0 0 

T18 Control - 8.9 9.9 10.6 6.5 4.7 6.3 

Continue…………… 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 

11.11.2009 14.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

2.5 1.0 3.4 1.0 1.7 2.2 

T2 Entomopathogenic 

nematode + 

Trichogramma chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. Chilonis 

cards at the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

1.4 0.8 2.4 0.3 0.9 1.1 

T3 Entomopathogenic 

nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0.0 0.0 0.0 0.0 0 0 

T4 Entomopathogenic 

nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

0.5 1.0 0.7 1.1 0.7 0.9 

T5 Trichogramma chilonis installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

2.5 1.8 3.1 1.7 1.9 2.0 

T6 Trichogramma chilonis 

+ Chrysoperla carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

release of C. carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

0.7 0.9 0.9 0.3 0.7 0.8 

T7 Trichogramma chilonis 

+ Spinosad 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0 0 

T8 Trichogramma chilonis 

+ NNO 2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009. 

2.2 1.9 2.3 1.5 1.1 1.3 

T9 Trichogramma chilonis 

+ Collection of Eggs 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

1.0 0.3 0.8 0.7 0.6 0.3 
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collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

2.1 1.0 2.1 0.6 0.5 2.9 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0.0 0.0 0.0 0.0 0.0 0.0 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0.0 0.0 0.0 0.0 0.0 0.0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0.0 0.0 0.0 0.0 0.0 0.0 

T18 Control - 5.4 3.8 5.5 3.3 2.4 4.9 

Continue…………… 
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Treatment # Name of Treatments Dose/method of Application Dates of Observation 

18.11.2009 22.11.2009 
R1 R2 R3 R1 R2 R3 

T1 Entomopathogenic 

nematode 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 

0 0 0.2 0 0 0 

T2 Entomopathogenic 

nematode + 

Trichogramma 

chilonis 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and installation of T. Chilonis 

cards at the rate of one card per plot from 

2.10.2009 to 30.10.2009 having 8 

application. 

0 0 0 0 0 0 

T3 Entomopathogenic 

nematode + Spinosad 

240 SC 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of spinosad at the 

rate of 125 ml/ha twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T4 Entomopathogenic 

nematode + N NO 

2.5% 

3 × 106 Manifold/sq.m at the rate of 1482 

gm/ha twice on 10.10.2009 and 

26.10.2009 and spray of NNO at the rate 

of 6.17 lit/ha  twice on 10.10.2009 and 

26.10.2009 

0 0 0 0 0 0 

T5 Trichogramma 

chilonis 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 applications. 

0.4 0 0 0 0 0 

T6 Trichogramma 

chilonis + Chrysoperla 

carnea 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

release of C. carnea at the rate of one 2nd 

instars’ larvae per plant from 2.10.2009 to 

30.10.2009 having 8 releases. 

0 0 0 0 0 0 

T7 Trichogramma 

chilonis + Spinosad 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T8 Trichogramma 

chilonis + NNO 2.5% 

installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009. 

0.1 0 0.1 0.2 0 0 

T9 Trichogramma 

chilonis + Collection 

of Eggs 

Installation of T. Chilonis cards at the rate 

of one card per plot from 2.10.2009 to 

30.10.2009 having 8 application and 

0.2 0 0 0.1 0 0 
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collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

T10 NNO 2.5% Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 

0.4 0 0 0 0 0 

T11 NNO 2.5%  + 

Spinosad 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T12 NNO 2.5%  + 

Collection of Larvae 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T13 NNO 2.5%  + 

Collection of Eggs 

Spray of NNO at the rate of 6.17 lit/ha  

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T14 Spinosad 240 SC Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 

0 0 0 0 0 0 

T15 Spinosad + Collection 

of Eggs 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of eggs from 2.10.2009 to 

30.10.2009 having 8 collections. 

0 0 0 0 0 0 

T16 Spinosad + Collection 

of Larvae 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

collection of larvae from 6.10.2009 to 

26.10.2009 having 6 collections. 

0 0 0 0 0 0 

T17 Spinosad + Sticky 

Rackets of Yellow 

Colour 

Spray of spinosad at the rate of 125 ml/ha 

twice on 10.10.2009 and 26.10.2009 and 

installation of sticky rackets of yellow 

colour at the rate of one racket per plot 

0 0 0 0 0 0 

T18 Control  0.8 0.4 0.7 0 0 0.2 
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Appendix 8:  Yield Kg/Plot on Resistant and Susceptible Genotype of    
 Cauliflower in Various Modules 
Treatment Module Resistant genotype (Pari F1H) Susceptible Genotype (Cool Son-70) 

R1 R2 R3 R1 R2 R3 

T1 M1 149.595 148.767 150.367 136.363 137.549 135.167 

T2 161.777 160.750 162.561 159.150 157.678 160.750 

T3 240.800 239.500 241.767 236.134 237.50 234.705 

T4 149.750 150.720 148.676 137.478 136.710 138.504 

T5 M2 161.495 161.569 160.750 147.500 144.495 146.753 

T6 167.79 170.777 162.800 149.103 148.761 150.673 

T7 234.617 236.509 233.704 229.510 228.776 230.641 

T8 206.710 204.499 208.759 198.75 196.763 199.686 

T9 202.759 200.796 203.750 194.878 196.345 192.603 

T10 M3 242.500 240.349 243.500 237.50 236.150 238.510 

T11 243.505 246.390 240.673 241.367 240.180 242.503 

T12 241.670 238.367 244.505 239.510 240.683 238.576 

T13 213.24 211.710 215.357 201.500 200.467 203.567 

T14 M4 246.156 247.777 243.674 232.566 233.506 229.388 

T15 254.538 255.718 253.506 235.437 234.711 236.150 

T16 253.600 254.500 255.77 238.561 239.750 237.687 

T17 254.378 255.600 252.501 234.617 231.170 235.579 

T18 (Control)  985.34 100.150 99.738 82.347 85.434 83.879 
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Appendix 8a: No studies regarding mortality of P. brassicae in different   
 treatments at  various intervals 
Name of EPN 24 hours 48 hours 72 hours 

 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

H.indica 2 2 3 4 3 3 4 4 4 3 4 4 

S. pakistanense 1 2 1 2 2 2 3 2 3 2 3 4 

S. asiaticum 2 3 2 3 4 4 5 3 8 6 8 9 

Control 0 0 0 0 0 0 0 0 0 0 0 1 
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Appendix 9: Cost Benefit Ratio in Different Treatments for Resistant Genotype  
 (Pari F1 H) of Cauliflower 
_____________________________________________________________________ 

T1 =Entomopathogenic Nematodle = 600 gm/100 litre/acre = Rs. 700/- 

Used @ 600 gm/100 litre water per acre 

Entomolopathogenic nematode 

Use @ 1482 gm/ha 

Price per 600 gm = Rs. 700/- 

Price of 1482 gm = Rs. 1728.99 

Total price for two application = 2540.57 

Labour charges for one application Rs. 740/- 

Total labour charges for two application = Rs. 1480/- 

Total expenditure = Rs. 3208.99 

Income per hectare = Rs. 103542.79 

CBR =   1: 32.26 

_____________________________________________________________________ 

T2= Entomopathogenic nematode 

Expenditure Rs. 3208.99 

Release of Trichogramma cards 

Price of 1 card per plot = Rs. 5.00 

Price per hectare for one applicatgion= 861.11 

Number of application in whole the season. 

Starting from October o2,2012 to 30.8.2012 

Total applications= 8 

Total price of cards for 8 application= Rs. 6888.8 

Labour charges = Rs. 600/ha/application 

Total labour charges= Rs. 4800/- 

Total expenditure Rs. 14897.79 

Income Rs. 128590.47 

1: 88.63 

_____________________________________________________________________ 

T3= Entomopathogenic nematode 

Expenditure = Rs. 3208.99 

Spinosad 240 SC used @ 50 ml/acrfe 
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Spinosad used @ 123.5 ml/ha 

Price Rs. 700/60 ml 

Price one ml spinosad= Rs. 11.66 

Price per ha = Rs. 1440.83 

Number of sprays = 2 

Total price of two sprays = Rs. 2881.66 

Labour charges Rs. 600/ha 

Labour charges for two applications. Rs. 1200/- 

Expenditure of Spinosad including labour charges Rs. 4081.66 

Total expenditure Rs. 7290.65 

Income Rs. 291840.56 

CBR = 1: 40.02 

_____________________________________________________________________ 

T4= Expenditure on Entomopathogenic Nematode = Rs. 3208.99 

NNO used 

NNO used 6.17 litre/ha 

Price of NNO per litre Rs. 360 

Price of NNO per 6.17 litre = Rs. 2221.20 

Number of applications = Two 

Total price of NNO use = Rs. 4442.40 

Labour charges = Rs. 600/ha 

Per two applications = Rs. 1200/- 

Total expenditure = Rs.. 7663.39 

Income Rs. 103830.06 

CBR = 1: 13.55 

_____________________________________________________________________ 

T5= Expenditure on the release of Trichogramma cards = Rs. 6936.80 

Income Rs. 127720.418 

CBR= 1: 18.41 

_____________________________________________________________________ 

T6= Expenditure of the release of Trichogramma cards = Rs. 6936.80 

Release of C. carnea 2nd instar larvae per plant = Rs. 0.25/larvae 

Expenditure per ha = Rs. 8783.22/release 

Number of releases = 8 



 
 

145

Total cost of cards = Rs. 70265.76 

Per application labour charges = Rs. 600/ha 

Total labour charges = Rs. 4800.00 

Total expenditure Rs. 77250.56 

Income Rs. 139804.06 

CBR = 1: 1.81 

_____________________________________________________________________ 

T7= Expenditure on release of Trichogramma chilonis cards.   Rs.6936.80/ha 

Cost of Spinosad =Rs. 4081.66 

Total expenditure = Rs. 11018.46 

Income Rs. 279965.65 

CBR = 1: 25.41 

_____________________________________________________________________ 

T8= Expenditure on release of Trichogramma cards = Rs. 6936.80/ha 

Expenditure on the spray of NNO = Rs. 56424.00 

Total expenditure = Rs. 12579.2 

Income Rs. 221506.60 

CBR = 1: 17.60 
____________________________________________________________________ 

T9= Expenditure on Trichogramme chilonis Rs. 6936.80/ha 

Expenditure on collection of eggs. 

Labour charges per man Rs. 350/day/ha 

Total man required = 4/ha 

Expenditure for one collection Rs. 1400/- 

No. of collection = 6 

Total expenditure on egg collection Rs. 8400.00 

Total expenditure Rs. 15336.80 

Income Rs. 212783.32 

CBR = 1: 13.87 
_____________________________________________________________________ 

Resistant Variety 

T10= Expenditure on NNO = Rs. 5642.40 

Income Rs. 294789.66 

CBR = 1: 52.24 
_____________________________________________________________________ 
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T11=   expenditure on NNO = Rs. 5642.40ha 

Expenditure on spinosad = Rs. 4081.66 

Total expenditure = Rs. 9724.06 

Income Rs. 297697.42 

CBR= 1: 30.61 

_____________________________________________________________________ 

T12= Expenditure on NNO = Rs. 5642.40/ha 

Expenditure on collection  of larvae= Rs/ 8400/ha 

Total expenditure Rs. 14042.4 

Income Rs. 293545.54 

CBR = 1: 20.90 

____________________________________________________________________ 

T13= Expenditure on NNO = Rs. 5642.40/ha 

Expenditure on collection of eggs. = Rs. 8400/ha 

Total expenditure = Rs. 14042.4/ha 

Income Rs. 235518.42 

CBR = 1: 16.77 

_____________________________________________________________________ 
T14 = Expenditure on Spinosad = Rs. 4081.66 

Income Rs. 302545.76 

CBR = 1: 74. 12 

_____________________________________________________________________ 

T15 = Expenditure on Spinosad = Rs. 4081.66/ha 

Expenditure on collection of eggs = Rs. 8400/ha 

Total expenditgure Rs. 12481.66 

Income Rs. 320562.73 

CBR = 1: 25.68 
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